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STUDIA UNIV. BABBR-BOLYAT, CHKMIA, XXXVIII, 1—2, 1993

MOLECULAR TOPOLOGY.20. THE MATRICEAL
DESCRIPTION OF MOLECULAR GRAPHS

MIRCEA V. BIUDEA

Canteots :

1. Introduction 2. Symmetrie matrices. 2.1. Adjacency matrix. 2.2. Distance matrix. 3. Loyer
matrices 3.1. Sequence matrices 3.2. Layer matrices 3.3. Line form of layer matrices. 3.4. Discussion
on layer matrices 4. Applications. 4.1. Spectrum of a graph and Huckeltheory 4.2. Conju-
gation détection. 4.3. SP matrices and the ordering of alkanes 4.4. Structural similarity tes-
ting. 5. Conclusions

l,ist of Symbols.

A — adjacency matrix
aij — éléments of adjacenty matrix
a; B — Huckel Parameters (Coulomb and résonance energv, respectively)

b,/ — conventional bond order
C — coonnectivity matrix

c/j — éléments of Connectivity matrix
— centricity index (of vertex i)
1> — distance matrix

— éléments of distance matrix
d(G) — diameter of graph
dsp — specijied distance
Vff — generalised Minkowski distance
— Manhattan distance
DM1- Haléban et al. superindex
E — set of edges in. graph
E — energv matrix
EA — edge adjacency matrix

En — total n electron energv 'of a molecule
e — élongation of a walk.

eccj — eccentricity of a vertex i

fi — multigraph factor

®p — a p atomic orbital

Cl — graph

g, — occupation number

N — Hamiltonian matrix

N — ES — Huckel matrix

J — Balaban index

ki — vertex degree

I, — local paraméter for multiple bond
liM — layer matrices of :

LC — cardinalily

LE — electronegativity
Ly — Kandic' index
LJ — Illalaban index
LE — degree

Department 9f Chemistry, ,,Bebes-Biifyai'* Unive-sity, 3100 Chtj, Rrmenie.



4 M. V. BUJDEA-

LMU -- distance sinn

LMOD — (31?) distan™e sinn
LMP — pathsum

EUKW — returniiig walte sinn
LMWC — walk suin

ERW - rriurniHg walk tlegne
LVW* — walk degrer

LV -- potential

LOVI — I10cal Vertex Invariant

MB — multiple bond adjacency matrix

p — number of vertices in graph

P(G; \) — charaderislic poynomial

I»s — mgical product of matrices Sil und MB
4'i — a ~ Hitekéi molecular orbital {li MO)

q — number of edges ii graph’ 1
OSPR -- Quantitative. Structure Property Relationship'
OSAK -- Quantitative Shucturt Activily Relationship

H — eigenvector matrix
r(G) -- radius of graph
S — overlap matrix
SB ~ single bond adjacency matrix
SM — sequence matrices of:
SD — distance
SP — path
SRWe -- returniiig V olk
SWe -e maik
TT — topologicul index
IT — unity matrix
V — set of vertices in graph
7. — eigenvalue matrix

X(LMIj m- centrucomplexi-y index (of rertex i)
— maik degree of verlex i
WM — exlended Wiener index

1. Introduction. Before detailing the matriceal description of molecular
graphs, tome ground définitions are needed.

A graph G = (F, F) is defined as an ordered pair of two sets: V, a finite
nonempty set and E, a binary relation defined on the set V. The éléments
of V are called vertices and those of E are called edges. A graph is visua-
lized by representing the éléments of V as points and by joining each pair
(a-, Vj) of points with a line if and only if (v, vf) s E. The number of ver-
tices in G is denoted by p (the cardinality of the set V) while that of ed-
ges by g (the cardinality of the set E). A graph one sais of the orderpand
dimension q.

Two vertices in G are called adjacent if they are conneeted by a line.
The degree of a vertex, kit is equal to the number of lines incident in vf.
A graph G is a multigraph if it contains more than one edgebetween at least
one pair of adjacent vertices.

A walk [1] in G is a sequence of vertices, v0, vlt v(, (starting in V0
and ending in ve) with the condition that any two consecutive vertices to be
adjacent, that is (up vi+t) e E. The length (élongation) of a walk, e, is the
number of edges occurring in it. A walk is closed if i'c — wve (self returning



MQLECI'tAtl TOPOLOGV 5

walk), otherwisé it is open. A path (or self dvoiditig walk) is a walk in wich
vertices iuvolved are visited but once (and no branching and no répétition is
allowed i2j). In other words, in a path all vértices are distinct. A cycle, is a
walk wich is both self returning aud self avoiding.

A graph G is connected if auy pair of its vertices are joined by a path.
The topologica! distance between v; and d(w,, »7), or simply <,m represents
the number of edges along the shortest path connecting the two- vertices. For
any vertex, a-, the maximal distance to any other vertex v; is called the ver-
tex eccentricity, eccf — Tax®. yd*. The radius of a graph, r(fi), represents the
minimal eccentricity among tlie vertex eccehtricities, r(G) — minis veccit while
the diameter of a graph is given by d[G) — maxilsVecct. The sum of ail dis-
tances of vertex i to ail other vertices in G, T), — ~jd” is called the vertex
distance sum. A set of vertices i e T7(G) wich obey ecct = r(G), is called the
center of the graph [3].

In a molecular graph, the vertices represent the set of atoms and the
edges are the covalent bonds between the adjacent atoms. Usually in the molecular

graph only nonhydrogen atoms are represented (hydrogen depletted graphs)

A graph can be represented either by a number, a sequence, a ployno-
mial or a matrix [2]. These représentations are aimed to be unique for a
given graph. The present renew try to give a synopsis of the matriceal repré-

sentation of molecular graphs and somé of the most important applications
of matrices and matriceal calculations.

2. Symmetrie matrices. This dass of matrices M(G) include quadratic arrays
of dimensions p * p, such as the adjacency and the distance matrices, which
are symmetrical vs, their principal diagonal, i.e. their transpose, MY, leaves
the corresponding matrices unchanged.

2.1. Adjacency' matrix. In 1874 Sylvester [4] first represented an organic

molecule by the adjacency matrix, A(G), of the corresponding molecular graph
Its éléments a,  are defined [5) as follows

SHS iG] e EG )
R i) 0

and the matrix A(G) .
AG) = [“t)> Gj e 14G)} 4)

A(G) characteriz.es the graph until the isomorphism [5]; irom it the ori-
ginal graph can be reconstituted. Fig. | présents the adjacency matrix of the
graph G\ and its powers until the exponent e 3. Notice that the éléments

aj (not to be confused with raised at power e) of the matrices Ar represent

walks of élongation e while their diagonal éléments, a'h count the self retur-
ning walks (i.e. cycles of e edges). The sum of all entries in a row equals
the number of walks of élongation < emerging from the given vertex

(%)

For w}the classical vertex degree, kit is found.
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Fig. 1. Adjacency matrices for the graph Gr

A wh=k, A? A8 W
0001 1 1110 3 0113 5
0011 2 1211 5 1234 10
0101 2 11215 1324 10
1110 3 01135 3442 13

The matrix A does not consider the multigraph character (i.e. the multiple
bonds) but it is ..arde by the Connectivity matrix, C(G), a variant of the ma-
trix A

G. =0 (6)
o<i = bti (7)
€(G) = {Cy; e F(G)} 8)
where is the conventional bond order: O; 1; 2; 3; 1.5, for nonbond ng,

single, double, triple and aromatic bonds, respectively. Fig.2. présents the
Connectivity matrices for the graph G2

Fig. 2. Connectivity matrices for the graph G2

1

_%_ c =K Q c3 w’
0001 1 11103 0223 1

< 0021 3 1512 9 2 4127 25
ZZ 0201 3 1152 9 212 47 25
3 1110 3 0223 7 3 7 74 2

The walk degree, w',will be now

The raising of A/C matrices at the exponent ¢, in the calcul of w-
can be eluded by applving the algorithm of Diudea et al [6]. It is iterati-
vely constructed on a matrix CM', which is the sum of matrix C and the
diagonal matrix M" (of walk degrees) :
C+M =Cwm )
which éléments are defined as fdllows :

»4 =1 (10)

< ' fn)
The diagonal éléments mg are just the walk degrees, w’

The edge adjacency matrix, EA(G), déterminés the adjacency of edges in
G [5]. This matrix also can be constructed ba using the line derivative, Ln(G),

[5, 73. (Fig. 3).
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Fig. 3. The matrix EA for the graph C3:
12 13 14 15 56 67 78

12
13
14
15
56
67
78

O o O — — — O
O O O +— — O —
O o O — O —
O o — O — — —
O - O — O OO
— O — O O O O
O — O O O O o

2.2. Distance matrix. Distance matrix is a quadratic array (of dimensions
p * p) which collects the topological distances between the vertices of graph

[3, 5]:

B(G) = i.j e F(G)} (12)

In the followings the matrix 1) for the graph G3 is presented :
D(G3) : 1 2 3 45 6 7 8 »i

1 o1 1 11 2 3 4 13

2 1 02 2 2 3 45 19

3 12 0 2 2 3 4 5 19

4 1 2 2 0 2 3 45 19

5 1 22 201 2 3 13

6 2 333101 2 15

7 3 4 4 4 2 1 0 1 19

8 4 555 3210 25

Distance matrix D(G) can be constructed by calculating the powers A,
(where A —1) + Aand U is the unity matrix, i.e. the diagonal matrix which
éléments are 1); e s [1, </(G)J, with d(G) being the diameter of graph, by
using the boolean (logica!) operators. Fig. 4 présents the construction of D(G)
for G3:
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Fig. 4. Construction of the matrix D(G) for the .graph G3

1 2 3 45 6 78

-F(G3)

10 0 O

110 0 0 0 00O

1313131 |

2

0 0 00O

!

10
10 0

0 00O

|

|

4
5

10 0

0 0O

0000 31110
00000 111

000 0O0TO O

1

6
7
8

1

2 3 456 7 8

1

N3(C3)

2 3 456 7 8

|

J1-(C9)

11131131 /700
A1/ 77000
A/ 77000

/

1

/

1

2

0 00
/0
11/
11

/1

/1
700 01
0 00O

3
4
5
6
7

000O0O0O0 / 11 8 00 O0O0 /

8

2

t5(G3)

2 345 6 7 8

|

N«(63)

11313131311/

R T T B B T B ]

R T e B

A
0 00

11111131 /70

11111131 /70

1111321131 /70

1131313131311

1131313131311
1

1

1
2
3
4
5
6
7

1

7
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According to this algorithm, the éléments rf, of 1)(G) will be just the
subséquent exponents e generating new nonzero < entries :

=e:; ai Gl f=1, 2 ¢+ fG) (13)

or, in other words, the matrix 1)(G) is constructed by introducing the distance
,»€" instead of the marked figures.

3. Layer matrices. The layer matrices were proposed [6,8—14] in con-
nection with the sequences of routes: DDS (Distance Degree Sequence), PDS
(Path Degree Sequence), [15, 16] and WS (Walk Sequence), [2], and are
constructed on the ground of the relative partitions in graph.

: A par}ition G(f) relative to the vertex i of the graph G is defined as
8, 11, 13]:

G(f) = {G(w);, J e [0, ccc,] and n e G(«)y <> <l = j} (14)

where G(u)y are sets of vertices located at distance j on concentric layers
around the vertex i. Pictorially, the partitions are équivalent to the sequen-
tial design of the graph. Fig. 5 présents relative partitions in the graph G4

Fig. 5. Relative partitions in G4
G4 G4(1,5) G4(2) G4(3) G4(4)

G(l) = {1}, {2}, {35}, {4}
G4@2) = {{2}, {135}, {4}
G4@3) = {{3}, {24} {15}
G<(4) = {{4} {3} {2}, {L.5}}
34 ={{5}, {2}, {13}, {4}}
3.1. Sequence matrices. A sequence matrix SM" [13] collects routes of vari-

ous élongations e which start from the vertex i to all other p — 1 vertices

in G. Its elements, sm] (with m the labei of route type: d — the distance;
p — the path; rw — the returning walk; w — the walk) mean the number
of routes of élongation  emerging from the vertex i (i.e. a walk degree).

The matrix 8M can be written as:

&) ={sm]- i e [1,7>(G)J; e [L<P]} (15)

where />(G) = |1Z(G)| is the number of points in graph and esp (the specified
élongation) is: eccf (for M = D) ; path-ecct (for M =P) and esp e [1, 00),
(for Ai = RWe and W!). Thus, the rows in the matrices SMe represent just
the sequences of routes emerging from a given vertex, i.e. DDS, PDS [15—18]
or WS [2, 19].
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The half sum on columns of sm'. offers the global sequence, M*(G) :
M'(G) = 1/2S,.sm'; e e [1, esp\ (16)

In the followings sequence matrices SM" for the graph Gr
Sequence matrices SM" for the graph Gt:

SD SP SRW' SRW! SRW3  SWI SW: SW
1 2 123 1 12 123 1 12 12 3
{1 12 122 0 01 o010 ! 13 13 5
2 21 231 0 02 022 2 25 2510
3 21 231 0 02 022 2 25 2510
4 30 320 0 03 032 3 35 35 13
WG 2 452 0 04 043 4 49 49 19
WD =8 WP =20 WRW3 = 17 WW3 = 79

Notice that the matrix SD was symbolized by X in ref. [8] and F in

ref. [20] while the matrix SP denoted as T in ref. [8].

It is known that the Wiener index. W, [21] equals the sum of ail dis-
tances in graph, that is the half sum of the éléments of matrix D. Since this
topological index is SD-calculable. by extension, the generalized Wiener index,
IFiW', was introduced (Diudea et al. [13]). It is SM'-calculable, cf. eq. (17):

WM' = 1/22,2, (sm* * e) 17)

WM' values were presented within the SM" matrices for the graph Gj (see
above).

3.2. layer matrices. A layer matrix, LM", [13], collects the properties (topo-
logical or chemical) in the relative partitions G(»), for all vertices « e F(G)
located on concentric Shells (layers) around the vertex i & F(G), at distance
7(7T=0, L ...,ecct). The jth layer of partition G(») may be written as:

GW).= (H: (18)
and the layer matrix :
m" (19)
LM"(G) = {/<,.; i e [L/>(Q)]; 7T e [0,MG)]; e e [1, «/>]} (20)
where: m and M spécifies the property (see Table 1)
e is the élongation (i.e? for m — walks)

il stands for the matematical operator acting on the properties
of vertices n e G(m); at the level of each j layer



No.

10.

11.

a) em*

b) 1G(u)j !

c) qu

Typs of LM« matries (et. eq s. 19 aad 20) [13]

name

cardinality

degree

walk degree
distance sum’
path sum”
self Feturning
walk sum

random walk %um

Randic' index

Balaban index

&lect/onegativity

molecular potentials’

— the «equenge numbere, in SM* matrices
— the number of vertices in u the j-th layer

— the residual charge

label

RW»

W((

property m*
relation
S
y
S <m)’
y
S dU — S (sd * e)
y «
S (sp* =€)
e
S Grw e e)
X (sw> *e)
all(vs)
S 12
»11(rs)

— #
‘a

aul(l + j«) 7

nw u un u uon

S

S

(M)L|CEH)-!

S

— the distance (topological or geometrical one) from the vertex i to ail vertices aeG(u)j

EM  matrices

name

Cardinality

Degree

Walk Degree
Distance sum
Path sum

Returning Walk sum

Walk sum

Randic’ index
Balaban index
Blectronegativity

Potential

Table |

Réf.

label/old label

Ic 1J
LK/B 10,14
I,wW 13
ILMD/B 12
LMP ]
I.MBW" 13
LMWe 13
bz 13,22
LJ 12,13,23
LF. 23
LV 25
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The LMe matrices are p(G} * d(G) in dimensions. Notice that the élongation e
(i.e. in m* — we) is formally unlimited. However, usually, a suitable maximal
value esp is taken. Table 1 présents somé types of layer matrices, cf. cgs.
(19) and (20).
The half sum on rows, of the éléments Im‘j of matrices LMe offers the
global property, Me(G) : '
M'(G) = (21)
Fig. 6 presente layer matrices for the graph G5 by using weighted graphs,

G{»z0p> (showing a given property instead of vertex labels).

Fig. 6. Layer matrices SM and L.M for the graph G6

SD = SP SRM! SWi

je 1 234 1 23 4 12 3 4

1 1221 010 3 1 3 5 12

2 3210 0301 35 12 2

1 « I 3 3300 030 12 36 12 26
4 2220 020 6 24 16

l 5 1 122 o010 2 12 8
W 6 1 221 010 3 13 12
7 1 230 010 3 13 6 12
M'G) 6 7 6 2 06 0 20 613 26 56

WD =46 - HT IFRIFL — 92 iwiv< = 326

LC LRM4

72 0 1 2 3 4 0 ! 2 3 4

1112 2 1 3 11 15 9 2

1 o 132 (o0 11 18 9 20
3 13300 12 20 8 0 0

J 4 1 22 20 6 14 14 6 0

b 5 111 2™ 2 6 12 14 6
6 1 1 2 21 3 11 15 9 2

7 11230 3 12 17 8 0



Fig. 6 (continued)

G5{Wio} Ga{«U}
LWI = LK LW?
01234 0 1234
{ 13431 35972
2 35310 512720
3 36300 612800 .
4 24420 4 8862
5 12342 2 4686
6 13431 35972
7 13530 36980
M*(G) 6 13
LMP = LMP
W $ 1 2 3 4 0 1

15 10 24 26 17
1039 26 17 0

9347 0 0 .

1

2

3

4 12262430 O
5 17 12 924 30
6

7

MOI.BCULAR 10OPOLOGY

18.118 12.869,28.935 32.041 19.279
12.869.47.053 32.041 19.279 0.000
12.390 44.910 53.943 0.000 0.000
15.174 31.669 29.736 34.664 0.000
19.279 15.174 12.390 29.736 34.664

LWj3
0 12 3

512 17 14
12 22 14 4
12.26 14 O
8 16 18 10
4 8 12 18 10
51217 14 4
6 1220 14 0

26

LMaD
2 3

OO~ N

4

13

Ew
2 3

12 22 38 28

0 1 4
8
22 5028 8 0
0
0

26 50 32 0
16 34 34 24
8 16 26 34 24
12 22 38 28 8
12 26 38 32 O

o4

EMPW
o123 4

14 50 68 42 10
508242 10 0
549238 0 O
28 64 64 28 0
10 28 54 64 28

15 10 24 26 17 16.546 12.869 30.507 32.041 19.279 14 50 68 42 10
14 92247 0 16.867 12.390 28.043 53.943 0.0000 14 54 78 38 0
UIWi LMW? LilW» LMW«

iy 01234 0,12 3 4 01 2 3 4 0 12 3 4

1 13431 7132217 5 22 497359 17 70 137 225 171 19

2 35310 132917 5 0 49 9559 17 0 137 295 171 49 0

3 36300 153019 0 0 51 10861 0 O 155308 189 0 0

4 24420 10202014 0 34 687444 0 98 204 210 140 O

5 12342 5101520 14 17 3451 74 44 49 98 155 210 140

6 13431 7132217 5 22 497359 17 70 137 225 171 49

7 13530 7152319 0 25 518361l 0 73 155 235 189 O
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Fig. 6. (continued)

«: 0 ! 2 3 4

i 05774 14880 1.8963 1.6928 0.7071
2 14880 24737 1.6928 0.7071 0.0000
3 1.3189 3.1808 1.8619 0.0000 0.0000
4 11154 2.0260 2.0654 1.1548 0.0000
0.5r4 5 07071 1.1154 1.3189 2.0654 1.1548
6. 0.5774 1.4880 1.8963 1.6928 0.7071
;

'0.5774 13189 2.6034 1.8619 0.0000

<?.5W
Fig. 8

SIXtf = 27

G5{Ji0} LJ

A<LUG 0
0.0816 0.2687 0.3723 0.2553 0.0700
0.2687 0.4539 0.2553 0.0700 0.0000
0.2907 0.5240 0.2332 0.0000 0.0000
0.1662 0.3607 0.3578 0.1632 0.0000
0.0700 0.1662 0.2907 0.3578 0.1632
0.0816 0.2687 0.3723 0.2553 0.0700
0.0891 0.2907 0.4349 0.2332 6.0000

34.,= 2 Ne

Fron» the Fig. 6. one can see ihat the matrices are built on tj*ground
of the relative partitions in graph (see eq. [14]). The first column (j = 0) in

LM represents just the vertex property, #» 0, specified in the weighted graphs

1 2 3 4

[azw/ ootoo
amMb +a

* 0.0891
Fig 9

~N o oA WN

The matrices LM can be easily constructed by using a distance property
matrix, DM, defined as:

DM(G) = D(G) + M(G) (22)

Where D(G) is the distance matrix and M(G) is the diagonal matrix of proper-
ties m , i « V(G) (see also ref. [24]).
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In LM the éléments of column j = 0 will be just the diagonal entries in
DM(G). The next layers result by applying the operator Tl on the properties
m, of the vertices n e G(w),-, until j = eccr Most often (but notin general)
the operator Q leaves the diagonal éléments unchanged because the set G(u)0
consiste of single vertex. The procedure is examplified for the graph Gjin

the building of the layer matrix of degrees, LK, with 1l = S, and Im'j = SG(V;;'u
LK L=
D M K DM LK LK
0 2 2 1 1 000 1 2 2 | | 3 2+2 1 3 4
2 01 1+ 0 200=2211 >2 2+3 1 =251
2 10 1 0 020 2 1 2 1 2 2+3 1 251
1 110 0 00 3 11 13 3 1+2+2 0 350

3.3. Line form of layer matrices. Layer matrices can be represented in a
line form [8], which recall their origin in the sequences of routes. For the
graph Gt thé matrices SD and LC will be:

SDCGI ={1(1,2): 22 1):3(@2 1):4(@3,0) 3 (23)
LC(GJ = {1 (1, 1,2); 2(1,2, 1); 3(1,2, 1); 4(1,3,0)} (24)

If the vertex labeling is not important (i.e. in the comparison of matrix inva-
riants within the isomorfism testinge), the canonical form is used: the rows
are written in decreasing order of their length (as nonzero éléments® and
lexicografical order (in case of equal length) along with the multiplicity of
identical rows. For the graph G, the two matrices will be :

SDG)) ={2 * (2 1): (1,2); 30} (25)

LC(GY) — {2 * (1,2, 1); (1, 1,2); (1,3,0)} (26)

Another way to order the rows in a layer matrix is to apply the centricity

criteria of Bonchev et al. [16, 17], resulting in a centric orderingof the graph
[12].

Apendix 1 présents recursive relations for the calcul of walk degrees,

w", along with the partitions (as LC matrices) and the matrices EM in the

line form, for some special graphs.

3.4. Discussion on layer matrices. A regard upon the layer matrices enables
one some remarques :

1) SM, as sequences of degrees (e.g. DDS [15—18]) count the number of walks
. (of various type and elongation) emerging from a given vertex;

2) LM, as matrices of vertex property, count the value of property at various
shells surrounding a given vertex;
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3)

4)

5)

6)

M. V. DIUDEA

exceptiilg SD, the SM matrices do not superimpose over the partitions of
graph, and more over, SRW' and SW' have formally nonrestricted numbér

of columns (nonlimited e)

the LM matrices follow the partitions of graph, the number of columns being
the graph eccentricity (diameter) plus one;

LM based on graph theoretical properties can be grouped into layer degree
matrices (LC, LK and LW') and layer metric matrices (LMD, LMP, LMRW'
and LMW' — where M remembers of "metric”) ;

layer degree matrices, as LW, can be derived by “exploding” the SW' matrix
(the columns of SW' beacome the first one in LW! to LW' matrices). The
same could be done for the other SM matrices but the resulting LD', LP',
LRW' matrices are not suitable for LOVI (Local Vertex Invariant) task
because of their zero entries. However LRW' could be of interest for e = even

(see Fig. 6) or in cvclic graphs ;
layer metric matrices are SM calculable, their first column being SJsm™ * e)

the matrices SD and LC differ onlv by Zc0 column, which counts the vertex
i, itself. 1T one neglect this column the two matrices are identical and represent
the joint point between SM and SL matrices. The LC matrices just count
the vertices in the partitions of graph. Thus, it is not a surprise that Skoro-
bogatov [8] and Dobrynin [9] called their X matrix a layer matrix. However,
in its line form, X/SD matrix coincides with DDS [15—18]. In the followings,
some properties of layer matrices are presented :

SD: SX = 1 (21)
S,X' = = 2q (28)
S,XY - =27 (29)
LC: SjZc,, =2 ' | (30)
~O (31)
Ailca = 2[1- = 2? (32)
LK: ~kio) = S;Zha (33)
Ica = 7701
Acij + =  je e 1] (34)
[CiiecCi ~ Meteci
LW': S(Mo)2 = = IHwm (35)
ZwA = Iwtfl (36)
LM": Sz<= = 2 M“(G) 37)

M*(G) = WM (38)
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In the above relations, p stands for the number of vertices in graph and
g is the number of edges, Eq. (28) holds in graphs without cycles C3 and C4 (see9)
and eq. (34) holds only for trees. In egs. (37) and (38), Me(G) means the global
property (involving il = S) which in layer metric matrices equals the corres-
ponding Wiener index WMe

For LC, which local property does not involve edges, and for matrices such
as LE and L-/, reported in Table 1 (and [25]) the eq. (37) does not hold.
The properties in the last two matrices involve more sophisticated mathematical
operations. These matrices are, however, of limited interest. In ref. [26] there
is a référencé to Balandin’s matrices, the entries of which also recorded molecular
properties.

Eq. (36) needs a particular attention. It showes that the second column
in LW! becomes the first one in the higher term matrix LW2 This resuit holds
for any two consecutive €longations in LWe of a graph (excepting the multi-
graphs). We proposed in [6] an interative procedure for counting walk degrees
w'+i from the values of the vertices belongiug to the first shell around
each vertex i in G (see part 2.1, egs. (9) to (11) and Fig 6). Thus, one reduces
the calcul of power matrices Ae (see [3]) to a simple summation of degrees.
Such a procedure involving extended Connectivity is encountered within the
well-known HOC-algorithm of Balaban et al. [27] (the second ordering of vertices
by the sum of degrees of the first neighbours) but they did not iterated this step,
for finding higher w* terms.

The count of w" and the global number of walks of élongation e, W*(G)
is also important by virtue of their relationship with the largest eigenvaiue,
Xj, as shown by Cvetkovic, and Gutman [28].

W4(G) ~ n(Xiy (39)

Since We(G) is a measure of molecular branching, eq. (39) proves the topo-
logical relation of molecular energy levels, i.e. in Huckel approach (see part
4-7).

4. Applications. Matrices associated with molecular graphs are themselves
invariants but they represent an additional source of other invariants [13, 26].
Amon% such invariants, the topologica? indices (single numerical values coding
a graph theoretical or a chemical property in graph) were widely used in QSPR
QSAR (Quantitative Structure Property Relationships/Quantitative Structure
Activity Relationships) [JO, 26, 29, 30]. They are important tools in vertex
and graph ordering [7,12, 31—33] or also in vertex équivalence perception (topo-
logical symmetry) [2, 12, 20, 32]. A synopsis of the main topological indices
is given in [34].

We confire here to four direct application of matrices, the first two (Spec-
trum of a graph and Huckel theory and Conjugation détection) based on Symmetrie
(quadratic) matrices, and the last two (SP matrices and the ordering of alkanes
and Molecular similarity testing) constructed on layer matrices.

- — Chemia 1—2/1893
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4.1. Spectrum of a graph and Huckel theory [35]. In the graph theory,
the spectrum of a graph is defined [5] as the set of eigenvalues of the adja-
cency matrix, A

[xit x2, .. xp}, and > ... > Xp. The diagonal matrix X:

*2

is obtained from A by the matrix R:
R*A*R1=X (40)

where RfGMYy, is the matrix of eigenvectors

11 12 n e
‘al rgs8 . .. rlp
rpl rpt 1 rpp
Eqg. (40) may be written as:
R, *A= *R;t=12..P (41)

where R< is the row i1 in matrix R, and also represents the eigenvector belonging
to the eigenvalue x,. Eq (41) may be written as :

R, * [xOT — A] = 0 (42)

Relation (42) represents a system of homogeneous linear équations, called
the secular équations [5, 36]. The matrix [x.U — A] is called the secular matrix
of a graph. In order that the secular équations (42) have nontrivial solutions,
the corresponding secular determinant must vanish:

det [XU — Al =0 (43)

The polynomial constructed by the expansion of the secular determinant
is called the characteristic polynomial:

(44)

P(G.x) _p»«O X"~ (45)

where ap {p =0, 1, 2, ... P) are the coefficients of this polynominal. They
may alsce generated bby the Sachs method [37].
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The set of solutions of the polynominal constitutes just the spectrum of
the graph. The interval in which the Huckel eigenvalues lie is limited by the
maximal degree of vertices in graph (the theorem of Frobenius [38]) :

- (46)

By introducing the eigenvalues xt in relation (42) the corresponding eigen-
vectors may be derived.

Huckel theory considers a ¢ molecular orbital (MO) as a linear combination
of atomic orbitals (LCAO), of the form:

T-= £.,P, (47)
p-i
where @A is a p orbital on atom p, and cti is the contribution of the orbital
of atom p to the construction of the molecular orbital Y,-.

The total n electron energy, En, is a function of the occupation number,
number, g- of Tf:

E,, = I&E, = E(HMO) (48)

»=l1

where Ei is the energy associated with Y,.

Minimization of En [36] by means of the variational method leades to a
system of homogenous linear équations:

IciP(Hp, — EtSpt) = 0; =12, ..., P (49)

This system has nontrivia] solutions if the corresponding Huckel determinant
vanishes :

|=0 (50)

where Hp, and 5/,, are respectively the résonance and over lap intégrais (between
the orbitals of atoms p and r). Relation (50) may be written in the matrix form:

,<ta|H-ES|=0 (51)

where H, E and S are the Hamiltonian, the energy and the overlap matrices
respectively. By virtue of the Bloch — Huckel approximations [35, 39] the
matrices H and S have the following structure [40]:

=—«¢Bb+ MA (52)

s=u (53)

where A is the adjacency matrix of a Huckel graph (a conjugated molecule),

ais the Coulomb energy of the atomic orbitals ®y, while R.isthe résonance energy
corresponding to the bond (>, r); B <O.

The matrix [H — ES] is called the Huckel matrix. Fig. 7 présents the Huckel
matrix for butadiene.
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Fig. 7. Huckel approach for butadiene

Fig. 10
a—E 0 0 x-1 0. 0
3 a—E g 0 delIXU—Al=-1x -1 0
0 R a—E R 0 -1 x -1
0 0 3 a-E 00 -1 x

P(Gix) = x« — 3,2+ |

Eigepvalues: {1.618034; 0.618034; -0.618034; -1.618034}. .
Energylevels : = a+ 1618034 * B E3 = « — 0.618034 * R
E? «+ 0618034 * B Et= a — 1.618034 *

Eigenvectors :
e —"12+O+0=0
B, * OU—A]=0; —rm+rlxi—r3+0=0
o—-YR2+TBN —rld=0
01 0—-rl3+ruxi=0
Normalizing condition: Sr\} 0
Fig. 7 (continuedj

The eigenvectors matrix (atomic orbital coefficients) :

| 2 3 4

1 0.371748 0.601501 0.601501 0.371748

2 0.601501 0.371748  —0.371748  —0.601501

3 0.601501 -0.371748 0.371748  +0.601501

4 0.371748  -0.601501 |, 0.601501 -0.371748
Substitution of Il and Sin (51) and dividing the rows by R resuits in

E, a
det ------ *1 - A (54)
R

Coinparison between eqgs. (54) and (43) indicates that the quantities
(E- — @)/ repiesenting the Trenergies of Huckel orbitals constitute the spectruni
of eigenvalues of a Huokel graph (see Fig. 7): .

Er=a+xB;7=12, .... P
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If B is taken as the energv unit and a as the zero-energy référencé point
(BR=1; a=0), cqg. (55 becomes:

X=u;i=1/2, ....p " " . (56)

According to eq. (56), the eigenvalues of A are identical with the Hucjkel

orbital (HMO) energv levels. Since the maximal degree in Huokel graphs is

kmax = 3, the domain of Huckel eigenvalues (cf. to the Frobenius theorem) is:
—3 £ Xf s +3. In linear polyenes and annulenes. kmai — 2.

The Huckel spectrum xit X" can be partitioned in three subsets.
corresponding to the bonding, nonbonding, and antibonding energy levels,
P+, Po and P_. Their sum cquals the number of atoms, P, in the conju-
gated system, P+ + Po-- P = P.

Since matrices H and A commute ([H, A] — 0), they have the same set
of eigenvectors. In other words, the eigenvectors of A are identical with the
Huckel molecular orbitals (sometimes called the tofological Orbitals). An impor-
tant conclusion one imposes [5]: “the topology of a molecule, rather than its
geometry, détermines the form of the Huckel molecular orbitals".

From the above considérations, it is obvious that the Huckel theory is
équivalent to the graph spectral theory (see also [5]).

Fig. 7 présents an example of Huckel calculation for the butadiene.

4.2. Conjugation détection. Baumer et al. [41, 42] used the adjacency
matrices and logical multiplication for conjugation perception in unsaturated
or aromatic Systems. They split the standard adjacency (Connectivity) matrix
in two logical matrices: SB (Single Bond) and MB (Multiple Bond) whose
éléments are respectivelv TRUE (denoted by ¥ if the corresponding element
in C cquals the conventional bond order (>o- ~ 1 for SB and bti > 1 for MB),
otherwise FAUSE (denoted by .).

The logical multiplication of these matrices will furnish:
SB * MB = Pl — ali allyl Systems in molecule

I\/_IB** F — butadiene Systems (lat order conjugation)
Pi *pl pc  _ “double allyl” Systems (two connected allyls)
MB * P2 — hexatriene Systems (27 order conjugation), and so on.

Fig. 8 showes these matrices for hexatriene and benzene, respectivelv.

Two different situations can determine the end of procedure

(f) P" is entirely FAUSE, and the corresponding product MB * P* is also
FAUSE (the case of chain conjugated Systems, c.g. the hexatriene, see
Fig. 8)

(n) MB * P« '= SB (MB * P"= MB). A ring containing a completely conju-
gated system was fouud, i.e. the benzene, Fig. 8. lu polycyclic structures,
such rings occur when the matrix MB * P”-1 contains a sabmatrix identical
to a corresponding one in the SB matrix (MB * P includes a submatrix of
MB).
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(i) hexatriene :
Fig. 8. Conjugation perception in hexatriene and benzene

(2-4); (1-3);
(4-6) ; (3-5)

MB * P P2 MB * P2 pS

butadienes : double allyls : hexatrienes :
(1-4); (3-6) (1-5); (2-6) (1-6)
(1 ord. conj.) (2M ord. conj.)

Calculation of bond orders :
bond a: (24-1+ 05)/2 =175
bond b: (1 +2)/2 = 1.50
bond c: (2+ 1)/2 =150
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Fig. 8 (continued)

(ii) benzene:
Fig- 12
C SB MB p
020001 ... goersenseanas T x
201000 e g > :
010200 x0T T e g
002010 * N Cerniagaeeees
000102 _, 7 aiieeeeass g "
100020 ..., .
allyls: (1=95); (2-4);  (1-3); (4-6); (3-5); (2-6)
MB * P P2 MB * P3 P3
* T . . aissassssssssssssseaans * T
e - T e
butadienes : double allyls : hexairienes :
(t—4);(2—5);(3—6) (1-3);(2-6);(3-5) (1-6);(2-3);(4—5)
(Ix ord.conj.) (2" ord. conj.)
MB * P3 = SB; (SB)3 = U; P*Ps=P .=P
MB * P3 — MB; (MB)3 = U; MB *P —MB * P

Calculation of bond Orders: (2 + 1)/2 = 1.50

The procedure is included in an algorithm for countingthe Pauling’s bond
orders [43] as arithmetic mean of the conventional bond Orders in each réso-
nance forms. Thus, the finding of alternative résonance structures (i.e. Kekule'
forms) is done by interchanging of submatrices of SB and the corresponding
ones of MB, until ail possible combinations are found.

The évaluation of bond orders in cyclic (polycyclic) Systems is straitfor-
ward (see Fig. 8 for the benzene) In the case of chain conjugated Systems,
a “long” bond must be considered between the two extreme charged atoms
in a résonance structure (see Fig. 8, for the hexatriene). The bond order of
such a “long” bond will be takeu equal to the conjugation level, multiplied
by a damping factor (of 1/2 (n — 1)) withn being the number of double bonds
iu conjugation). For hexatriene, the calculus of bond orders is given in Fig. 8.

The bond orders thus calculated are used in a procedure of the évalua-
tion of residual charges in molécules [41, 42, 44].

4.3. SP matrices and the ordering of alkanes. Matrices SP, by means of
the global sequences M (G), can be used in the ordering of type X (of centra-
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complexity) or c¢ (of centricity) [10, 12, 31, 321, of alkane isomers. Thus, the
increasing lexicographie ordering of path sequences furnish an ordering which
is identical to that given by the x — type topological index x(LK), [10] or
by the superindex DML! [45], in the set of heptane isomers (see Table 2.).

By applying the centric criteria of Bonchev et al. [16, 17] on the path
sequences results in a ¢ — type ordering wich is identical to that induced by

the ¢ — type index c(D), [31].

The x — type and ¢ — type indices we defined [13] as follows:

X(LM), — S[(wii?) * 10 0 li]#x * (57)
li =fi(Imi0]10 + Zi»a//00) (5S)
fi =S, (&B - /) (59)
c(LM), = [E 1-i (60)
j-i
where : z — the number of digits of the (integer part of) max 1Tn value
in graph.
li. — a local paraméter for multiple bonds
Ji — a multigraph factor, with biu the conventional bond order
t{ — a weighting factor, accounting for heteroatoms (e.g. a San-

derson type of electronegativity [46—A48] or fragmentai volu-

mes [49, 50].

dsp — a specified topological distance, usually larger than the diameter

of graph (here dsp = 10, unless otherwise specified)

Table 2 présents the two type of orderings in the set of heptanes.

Table 2
Path sequences in heptanes and the eorresopnding X — and C — intermoleeular
ordering (31)

Path isequence Xord X(LK) 1)J1° [45] ord €(D) 100
654321 c, 14.39506 13.42462 c, 456222
664320 2MC. 14.61504 14.76562 2MCc 6.00622
665310 3MC« 14.63682 15.08212 3MC. 7.24297
666300 3ECSH 14.65860 15.36658 24MjCj 8.34368
674400 24M3C, 14.83680 16.36313 3ECi4 9.44105
676200 23M2C5h 14.87640 16.94921 22S13C6 9.62898
684300 22M30¢C 15.05460 17.94975 23M3C5 10.29196
686 100 33M,C, 15.09420 18.48528 33M2C5 12.60393
696000 223M3C4 15.31200 20.54701 223M.,C4 14.54199

4.4. Structural similarity testing.

The term *“structural similarity” is an
intuitive concept used by the chemists to classify molécules according to



MOLECULAR TOPOLOGY 25

certain structural features. There are more than one measure of similarity
which can be relevant in a particular context.

In quantitative ternis, the structural similarity can be approached cither
by means of interstructure distance calculation [51, 52] or in the frame of
more sophisticated algorithms, such as SIBIS model [53]. Randic’ [51] deve-
loped the first procedure by using path sequences as a ground for computing
Euclidian distances within various sets of compounds. Basak et al [52] per-
formed a PCA (Principal Component Analysis) on a large molecular data
base (3692 chemicals) by means of 90 Tis and the Euclidian distance for
structure similarity measurements.

One defines the generalized Miukowski distance, 1)M, as [45, 52]:

-v,)2]1R (61)

with x(, y, the coordinates of two structures, XfXj,x2, ., Xx,) and Y (Y}, y9,--.,
Y,) in a n — dimensional space. For z — 2, D”becomes the Euclidian distance,
£>,. For z — 1, the Manhattan distance, 7>0T, is obtained :

=EI| -yl (62)
il
We used [13] this last distance, with the spécification that xit y- are
LOVIsofc —orr — type (cf. egs. (57) — (60)), constructed on LM matrices.
Thus, we applied this procedure on a set of four graphs Gt to Ge (Fig. 9), the
first three of them being related by Dobrynin [9] as showing degenerate
A and B matrices (actually SD and LK matrices).
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By inspecting the graphs in Fig. 9, one can see that these structures can
be considered as cycles of two types of half hexes. denoted A and B. Next,
one can départ three types of cyclic AB — sequences: a) ABAB; b) ABBA
and c) BAAB. It is easily to prove by cyclic permutations, that there are
only four distinct combinations of AB — sequences: 4 —«; h—a; b—c
and b — b. Any other combinations reduce to the above mentioned structures.

Since the SD and LK (and also LM!and LMW1 matrices are degenerated
in the set of graphs G6 to Gs, it is expected that this graphs are very similar,
indeed, the x — type LOVIs constructed on LMD and EMW (matrices which
do not degenerate in Ge to Go) gave very low valuesof DM), which ranged on
five orders of magnitude, as e varied between 2 and 6.

This resuit suggested that the rows in the considered LM matrices differ
only in the remote vertex entries. So, we computed norinalized D.WA values
(cf. eq. (63)) by using the ¢ — type LOVJs:

= E, E. — (LM'B/ (LM n + c(LM)D)]  (63)

Now, the values of 1)Ml)are of the order of 102 the results being presented
in the following distance arrays

Aj: DMk for G6 to Ge, computed with c¢(LMD)f * /03 values (dsp = 20)

Ge a7 Gs Gg
G. 0 3.3760 5.5463 1.2138
G, 0 2.8633 3.4901
G, 0 5.8184
G 0

Aj: Dm*for Ge to GB, computed with c(UW"*), * 10’ values
(dsp = 20; e = 2to 6)

Ge a7 G8 "9
G. 0 11.8007 13.8506 11.0244
GI7 0 6.6727 10.0055
o8 0 11.0654
Ge 0

From Ax and A2 one can see that Ge is more similar with Ge, in terms
of ¢(LM) , and G7 is more close to G8 Conversely, the x(LM) LOVIs showed
a larger distance (dissimilarity) between ,Gt and Ge than between Ge and the
remaining graphs. However, in both ¢ — and x — terms. G- and G, were
the most similar structures within the considered set.

5. Conclusions. Matrix représentation of molecular graphs enables the pro-
per description of their topology and atomic/molecular properties. The symetrie
matrices can be précessed by classical mathematical operators which can
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fumish topological based molecular propertie (i.e. Huckel MO and corres-
ponding energy levels). In opposite, the nonsymetric matrices can be operated
only by special (ad-hoc) designed operators. Both of these types of matrices
can serve as a ground for the construction of topological indices (useful in
QS(I;_R/QSAR studies). They also can be used in graph ordering and similarity
studies.

Aeknowledyements. Many thanks are addressed to Dr. loan Silaghi-Dumitrescu. Department
of Chemistry, “Babes-Bolyai'* University, Cluj, Romania, for helpful discussions.
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REACTOR ANALYSIS FOR SOME CONSECUTIVE
ANI) COMPETITIVE-CONSECUTIVE
IRREVERSIBLE REACTIONS

IOAX BALDEA and ALEXANDRA iH’STOIU-CSAVDAHI

ABSTRACT. Eight complex cheinical Systems in the dass of consecutive and
consecutive-cbmpetitive processes have been examined concerning the product
distribution and selectivity for batch, plug-flow, stirred-tank and séries o
stirred-tank ideal reactor models, as well as a two-parameter model for a real
stirred-tank reactor.

Kuown relations for relative simple System of a first order succesion have
beeh gencralized for more complicafed Kkinetic Systems. Relations concentra-
tion-time (for first-order Systems, analytically integrated) and concentration-
concentration expression (either for first-order or second-prder reactions) have
Itccn deduced for the above reactor models.

1. Introduction. The design of a chemical reactor is an integral part of
the analysis of many industrial chemical processes. For numerous reactions
of industrial importance the product distribution, yield of the valuable pro-
duct and selectivity’ have a profound effect on the pver-all process.

This work examines in detail some classes of homogenous consecutive and
compefitive-consecutive “elementary” reactions of the type:

-1-B +R )
. — - P
Al I &
+B +B
A Pt------- P2 (4)
I A +0 A 1
+B +B
A--eeeeee Pt .P2 (6)
fiy
e * p3
*3
+13 +B
Y/ \E— = P2 8)
k k.

These classes of reactions are frequently utilized in the chemical industry.
The Systems (1), (3), (5) and (7) obey a first-order kinetics, while the Systems
(2), (4), (6) and (8), a second-order kinetics. The results obtained could be

* Dept, t/f Chemistry And Ckemual Engnnering, Vniv. Babe$-tWyai, Cluj-Mbp(t».
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applied also to somé heterogenous processes, following similar rate équations.
Table 1 summarizes some of the important industrial reactions categorized by
équations (1)—(8).

It is worth mentioning that the System characterized by second-ordér
kinetics could become of first-order kinetics under the conditions of constant
concentration of B species. It is the case of many progressive chlorination or
oxidation with air of various hydrocarbons used always at concentration well
below the explosion limits.

Analytical product distribution expressions namely the rations C,/Cno and selec-
tivity expressions have been obtained for kinetic models of the reactios (1)t—(8)
taking into considération the following ideal isothermal reactor models : plug-flow
(PFR) and batch reactors (BR), continuous flow stirred-tank reactor (CSTR),
tanks-in-series model (CSTR's In sériés) and a two paraméter model (CCM),
with a stagnant region and a bypass, describing a non-ideal stirred vessel

1]. .

[1] It is worth mentioning that a sériés of n equal-size stirred tank units could
be used as a model for a non-ideal tubular reactor [2], where some axial
mixing takes place. Parameters for these ideal combinations, accounting for
déviation from ideal flow of the fluid could be determined using residence-time
distribution [3]. The CSTR’s sériés model could be used — in principie — for
non-isothermal operation, different units being operated at different tempéra-
ture values.

The problem of developing analytical or approximation techniques for
studying complex systéme that elucidate important featlires of the reactions
and may be profitably applied to the benefit of the experimental Kkineticist
as well as to the chemical engineers designing reactors or evaluating their
performance, has been an active field for a number of years [5, 7—8,
12—14, 16—18]. Although many complex reaction Systems have beendiscussed
[3, 18, 19], part of the reactions (1)—(8) have not been treated, and no
application to series-of-stirred tank, or two-parameter model has been made.

2. Reaetor Model Equations. The expressions necessary to determine the
product distribution, instantaneous or over-all fractional yield are developed
below, assuming “ideal” performance and constant density. To do this, we
choose System (3), and present only the final results in tables for the other
ones.

2.1. PFR and BR. Reactions represented by équation (3) are irreversible
and the differential rate expressions describing them are :

N 9)
_d%"""_'«M1 —bcC (10)
4p —bcC b (11)

where T = V/Qy stands for space time or mean résidence time for PFR at
constant density, V — the volume of PFR and — the volumetric flow
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rate respectively. Equations (9)—(11) are valid to BR, changing r with hol-
ding time t. These équations represent the component mass balance relations.

Many reactions taking place in the solutions or some oxidation reactions
in gas phase, where a large dilution is used, satisfy these conditions. It is
possible to integrate équations (9) and (10) directly [19], and the solutions
In the case of initial conditions T=1t =0, CA— CA0, CP1 — C/l2 =0 are:

=exp [-(*'+ W =0 - A (12)
cno
where is the fraction conversion of A species and
. - — (*
o i+l B9 M —exp [-Cx, + oyl (13)

the ratio CPilCAois the yield of Px species. From the general material balance
in terms of concentration

AO — + ~l14 (14)
the yield of P2 species could be deduced as:

— — 1 lexp [-(Ax + A3r] -
J (15)
” exp(-M

Je, + ka —

In order to obtain the concentration—concentration relationship, it is
necessary to eliminate space time between équation (9) and (10) or (9) and
(11). Let us first consider Px as the valuable product. To obtain its yield as
a function of CA we express the ratio :

f~ __ (16)

<ICA Kkl + k, kt + A3 CA

Now we should mention that the same relation is obtainedfrom the second-ord-
der sequence (4) or any other rate law, provided that the order with respect
to A is first and ail three processes involved present the same order with
respect to B species. Thus, by dividing rate expression (18) by (17).

tiCi _ _ kffp _ icC (17)

QT

—  TKARAG " €208 (18)
équation (16) is obtained.

To integrate (16), a new variable is needed, u as the ratio
w = Cpj/Cp (19)



Table 1

Some réactions of industrial Importance follewing the réaction scheme (1) —(8).

A B p. P» P, Reference and note
H,O CHj-CH, Ethylene glycol Diethylene glycol Triethvlene glycol
N 7/ A =T7-37TX10- (25C) ay 21 k,/k( = 2-2 [10]
0] ©m  mol-1+ s-1) E3 = 19 kcal/mol [9]
E, = 19 Kcal/mol E, — 19 Kcal/mol homogenous
NH3 CH.-CH, Monoethanolamine Diethanolamine Triethanolaminc
N 7 At = 8-2x 10" (26°C) AJA. = 4 13 AJAx = 3-37 [6], [9], [15]
[0} (dm’ « mol * + s~I)
El.= 14-6 Kcal/mol E, = 15-4 Kcal/mol E, = 15-4 Kcal homogenous
C.H, Cl, Monochlorobcnzene Dichlorobenzene Trichlorobenzene [4], [U]
Kkl = 11 -6 (450°) AJA = 1-8 AJAL - 1/240 homogenous
(dm’mol_1lmin_1) or gas-liquid process
CH. Cl, Methyl Chloride Dichloromethane Trichloromethane [51
AJA, = 2-32 A8/Ai =1-38 homogenous
C.H.CH, Cl, Benzylchloride Phenvl-dichloromethane  Phenyl [12]
AJ/A, == 60 (100°0O trichloromethane . gas-liquid proccss
As/Aa— 5-7 (100°C)
C.H. O, 1,4-Benzoquinone Maleic anhydride carbon dioxide heterogenous catalysis
O.H, o, phtalic anhydride carbon dioxide
[20]
heterogenous catalysis
C.H,, o, Cyclohexanol Cyclohexanone - ' heterogenous catalysis
p-xilen 0, Terephthalic acid Carbon dioxide - heterogenous catalysis

C.H. HXO, Nitrobenzene Dinitrobenzene Trinitrobenzene heterogenous liquid-liquid
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Differentiation du — (CaICn — CPIdCA}CA and calculation the ratio dCrl/dCh
gives

------ NM—Hee— n = w + -11i- (20)
M43 A+8 dbtch

Separation of variables, intégration and introducing u function, yield the pro-
duct 7Ji distribution as a function of actual relative concentration of A and
value of rate constant ratios :

(21«)
with C =0 and k2 + k3. The situation where k2 — kA + k3, casually
cncountered, leads to a different solution:

ket kel
_Ed_in(-Ei_b-+% = (i _ XA in (i — XJ* (2ifr)

Cno cno \CAof
Introducing équation (21«) int6 inolal balance (14), we obtain the vyield of
the final product P2

/Q 1 2 *1 i 22

AP+ Al + A3 — Ig%% ( )

In the case of second-order System (4), the inolal balance on the component B

(23)

leads to the ratio of consomption of B relative to the initial concentration
of reference species A

Coa—Cb — o _ (24)

The over-all fractional yield of Pj (relative to the reacted A) will bave
the form:

K d — —— P - Ap (25)

Al + A3 — A Afx

3 — Chemia 1—2/1993
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Fig. 1. Diinensionless re-

présentation of product

distribution for kinetic mo-

del (3) in PFR or BR.

(k, + k;,)/k2 - 0.2; 2.0 and
10.0 k,/K3 = 4.0

Figure 1 présents product distribution C,/CAo as a l'unction of fraction conver-
sion XA taking into account the ratio (Zq + k3)/k2 of 0.2, 2.0 and 10.0 res-
pectivei/. The ratio Aj/A3 has been considered always as 4.0.

2.2. CS'TR. The analytical product distribution expressions for a stirred-tank
reactor are obtained froni the component mass balances under the steadv-state
conditions, these component balances, in term of concentration are :

Species A:  Q,CW =Qtz + I(/r, + k2)CA (26)
Species P,: O = Q(Crl + I'(-\Va + Ver) (27
Species P2: 0O = + F(—\Va — Vpi) (28)

They can be solved as a function of space timé T = F/Qr or of the remained
A species concentration by élimination of the ratio k’/Qr betwen egs. (27),
(28) and (26). The product distribution expressions are :

S R NS — (29)

Cm 1+AUN-M-

—_ 5T _ d
C.40 i1 T (*1 + *()T]O + ~2T) +* 1 2. n (30)
*1+ A 1 - V4
_Efi. 7 NI Sevevsu— AT
<.10 I+ (™ + ®)r [T+ (Al + A3)T] (I + A-)
A 4- A

(31)

A+ A 1 —
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lustantaneos fractional yield of Pj, which is equal to over-all fractional yield
in CSTR, is calculated as

= M | (32)

K+% 11 U
1 —AJ

The ratio kll(ki + k3) represents the fraction of reacted A on the conse-
cutive processes route. Figure 2 présents the product distribution as a function
of fraction conversion XA The same rate constant ratios were considered as
for those in figure 1. By comparison with the figure 1, PF behaves better
than CSTR, considering P, as the valuable product.

When reactions (2) take place in a single stirred-tank reactor, the route to
a quantitative relation describing the product distribution involves writing the
design équations for species A and Pt When Crt0 = 0 that is

CAO~CA —CPI

: (33)
kiCACn + [<BC,<Ce KI-A”R + ~Cp"™B
Rearrangement gives
— CPI { Kl
34
CAO~CA ki 4- k fty & ( )

which is the différence équation analog of équation (16). It may be solvedfor
Cnl in terms of CA to give

Cpl _ Ei Cao
cao o+ J + cno—~cn
4 C<

en terms of fraction conversion the resuit is identical with that given by
Iquation (30).

If ig. 2. Dimensionless représen-
tation of product distribution for
kinetic model (3) in a CSTRta-
king into considération the sanie
rate constant ratios asin figure 1.
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2.3. CSTR’s in Sériés. The use of a sériés of stirred-tanks is always recom-
niended as compared to a tubular reactor for Systems in liquid phase beeause
of better température control. The calculation is made applying successively
the component balance to each of the reactor in sériés. Thus, for a sériés
of n equal-size reactors these are

Qr(( p-i —Qr(f<p + (i + (@] a
Qi (G)1i=0Q,(CJ,- AFfCJ, + MUCA. b (36)
Qr (Cp.),-, =Q, (GJ. - - MG), ¢t

The subscript “i” désignates the order of the tank in the sériés.

Expressing the remaining concentration of A or product concentration
at the exit of the séries as compared to the initial concentration of référencé
species A at the cntrance of the sériés we obtained :

U+(*l +

— M - H+ t+Mt] (0 +M) (38)

with F4-j—n—1 f—n—1 u—2 ...0 and
i—0 1 ...u—1

The relative concentration of final product P2 can be obtained irom
general balance :

(39)

n

The value of space time (or inean résidence time at constant density) refers
to each vessel In the sériés

. — F sériés t sériés (40)
Q»'» H

To express distribution équation as a function of CA/CA0 (1 — XA) one can
deduce from eq (37) that

1 < i A (AL- XAlla (41)
ki T i» *1 + *3 1 - -vaur©
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and hence, ktT, lai + k3)x and k2t may be replaced in the above équations.
For intermediate product P, the resuit is:

> )

—J+ k

A + A3

ki + A-‘

(42)

the sum should be performed taking / +y = n — 1, and J between n — 1 and
zero. The fractional yield at the exit of the sériés, as a function of the indi-

vidual space time is:

= F,_££:_) =
| no — ~a il
M
f1-Lyay™
— 'A V ________________
Ai + A3 Nn< fi i Aa Vr
A -J1nr A + A |

(43)

X

_A-_Jr_>]F

(44)

as a fraction conversion of reference component A.

Figure 3 présents the product distribution obtained in a sériés of 2, 5 and
10 tanks, taking the same rate constant ratio as for the previous figures. Ins-

pection of figures 2 and 3 reveals
that the greatest change occurs
by addition of second tank.
The performance improvement is
not so important when a CSTR's
in sériés of 10 tanks is used,
coinpared to a CSTR’s in sériés
with n = 5. When reactions (2)
take place in a sériés of stirred-
tanks, design équation of the
type (33) should be solved suc-
cessively, for each tank in the sé-
riés to obtain CpJC'io, CpJCAO.

Fig. 3. Product distribution C,/C as a function of

fraction conversion
5 and 10 tanks,

in a CSTR’s in sériés for n = 2,
(ki + k3)/k2 — 100 kjk3 = 4.0
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2.4. Two-parameter model (CCM) The real stirred-tank has not a perfect
inixing. This déviation from ideal flow conditions could be described by a
modified ideal model consisting of a volume fraction XV ideally mixed and a
stagnant volume, as well asa fraction of volumetric flow rate (1 — R)Q(/ bypassing
the reactor. This model was first propodsed by Cholette and Cloutier [1]. Under
theseconditions, the fraction conversion is zero in the bypass and the stagnant
region of the fluid in the reactor is inactive for the reaction. Therefore, the
maximum fraction conversion Xn cannot exceed the value of fraction perfectly
mixed of entering flow (8) evcn if small flow rate (very large mean résidence
time) is used.

Taking into considération the material balance of component A for the
fraction of iK-rfectly mixed volume, designated by the subscript “pm”, the
following is true:

= (1 - R)Q,.Clo + BQK(CIM . (45)

The first term in the right side of équation (45) represents the bypass contri-
bution with no reaction, and the second, the contribution of the perfectly
mixed region of the total volume of the reactor, where the reaction has taken
place.

Division by QKC 10 leads to

0 f ' I Crono X SvAIS Lo

The space time (or mean résidence time for constant density) for the perfeetly
mixed region could be defined as

jlj?.)) _ —— iT (47)
Uk B-'r R

Following the same procedure as in the case of CSTR, for determining
(I — x<APl, the--remained fraction of réference reactant A at the exit of
CCM is:

S S S T N (S S ——

clo 1+ (Al+ ®D- T (48)
i 8
The ratios and ;ic;;)) can be obtained in the same way applied to
>m
CSTR.. The component balance for Pr and P2 required that .
(49)

Cao | cao ipm Cao '( Cao hppy,
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The resulting (.quations for the tivo successive products are:

cp, . Ri<(-

¢+t J+>p)

O . A3at +

cno L+ (Al t $)A (t
p

39

(51)

The first terni in eq. (51) acc'ounts for the parallel Toute of déplétion of A,
and the second term the fraction produced by the consecutive route.

An équivalent distribution équation results irom the overall material

balance (14):

A4M B—AL

The fractional yield of Pt frc-quently named selectivity, is:

Ai 1
ORI e 35 R
o *
A S VAT
B
n, 1
A4 A3 A, Xn

A4 A B—-"n

(52)

(53)

depending onlv on B paraméter of the model when expressed as a function

of a4
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Fig. 4. Dimensionless représen-
tation of product distribution for
kinetic model (3) in a real stirred
véssél (Cholette-Cloutier model)
with B = 0.95 and (ki + k3)/ki =

0.2; 2.0 and 100 kK,/k, = 4.0

Figures 4 and 5 present the product distribution at three (At-f-£3)/£2 ratios
and the same R, and for one rate constants ratio and 3 values of B, respec-

tivei}'.

]tollowing a similar procedure with the other Systems described by the
reaction scheme (1)—(8) it is possible to obtaine analytically the product dis-
tribution as a function of holding time t, space time T for ail the reaction
sequence following first-order rate laws, and as a function of concentration
(or fraction conversion X ) for all the Systems following either first-order or
second-order Kkinetics. The results are presented in Tables 2, 3 and 4.

Fig. 5 Dimensionless représen-
tation of product distribution for
kinetic model (3) in a real stirred
vessel (Cholette-Cloutier model)
for (k,+k3)/k-= 10.0 Kkj/k3 -“4.0
and R -- 0.75, 0.85 and 0.95.

Fig. 6. Fractional yield of in-
0 termediate product Ptas a func-
tion of fraction conversion X ( for
PFR (BR), CSTR. CSTR’s in
séries and Cholette-Cloutier models.
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The selectivity of the intermediate product P, dépends on the relative
values of rate constants. For an easy comparison, figure 6 present selectivity
(or fractional yield) <«Pi/xfor all the reactor models discussed, as a function
of fraction conversion XA, and thé ratio (k! + k3)jk2 = 10.0 and 8 = 0.95 (for
CCM).

Table 2

Product distribution and selectivity équations for System (1) in CSTH's In séries and
two-paraméter modei (CCM)

1. CSTR's in séries

1 1
Jl—*ﬂ 1 —An

T+ ) + nav/

1@+ nn

-

It-rAd LA-,  LIL-m.r -ir
| [+i[LAJ -]r

¢ To obtain product distrbution design équation of the type (3d) should be applied etep by step wlien System (2)
takes place in a CSTR's in Serie«.
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Table 2 (continued

I1. CCAf
Ca
Cao
€p/ P« -Yn
Kk, XA
g el agedl!
1 [ 1 R K g - A-(
1
Aa AA
>>il3--Yn
1
A, -yn
Ai 3->Xx

The relation concentration-concentration is valid for tlie sccond-order System 2

Table 3

Frodnet distribution and seleetlvity for réactions (5) and 6) in BU, PF, CSI'R, CSTR’s
in sériés and CCM.

I. DU and PF (t

A+ «w» —S§

1 - Yn

CPIiGAO
1 _ e~

< liquations coucentration-concentr.ation are valid in the case of second-order System (B), except for CSTR’s in serie»
where design equationof the type (36) should be applied step by step to succesive tanks in the serie».
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Table 3 (continuul)

[e *T —e ““@+

> L1 +*n]
*> — (t— Aa)
(*. + *, — kt)XA
Cp .4, N3
— = Ll —«P[-t + 1= " V<
MO "l + «3 A, + *3
Il. CSTR
Ca »
XA
Cao '+ ¢ + Adr
Cp, AT A, XA
Cao [+ A + A)] 1+ Ar A + As '’ A,

XA
*1 + A3 1—>XA

Cp,

= XA
CAO [+ Ai + &)T] 1+ A1 A + Aa . *» XA
-+
*1+3 1 - .Va
Cp, = v/ . A v
CO “ T( A — A +A "TA
1. CSTR’s in stries
1
1 — Xa

[L+ (% + 31"

, T o S[1+ (A +A)T]"1 1+ WV
Cp, 1 f.j

Cao "» [+ (A + n)Tn- + (1 + M)“
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Table 3 (contiuiied)
ATS 1+t + 7 1+ \wWw
f.i =
{[1 + (ft. + MT]In — t}(t + V)~

S+t +A)T/+«(+ AT»

y.
' L+ +Mrf-««1-+M)

*3 T
M [1 + (kt + A)c]" *1 + k»

KT e 1

[1+ @ +A)T] V—11=1 [14- (A + k)T]'la

V. Choletle-Ctoutier Model (CCM)

t o
« 1 —=XA
1 + (Al + AB)r—
p
Ci = Kt A
1+ (A 1 ASr + )
o 0+ ) A+ A
Nix H- R —
*n
cr. AAIT * Ai + A3 fi — Xn

R- r[1 + (A, + a3)t9| i | PR Al+A L Ay XA

ktra A,

" Ai + A
1+ (Al + A)t —
p
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Table 3 (contiaued)

. At 1 a. 1
M S
P A + As Al + A3 I ttr ~A
1+ A3—F
B A+ A B—JIn
c kr.
PV At + pe

Note: 1 ® [1, n], f-f-j—n— I, fe [n — I, O]

Table A

Produet distribution and seleetlvity egnations for System (7) and {B) in BR,
PF, CSTR, CSTR’s In serles and CCM,

1. BU and PB
— =exp [-(AtZ)] =1 — I'n
Cno

Cpt b3

] i {exp [—(AM)] -exp [-(As+ AJ)T]}
Cno Aj 4’ Aj — Al

Ai
Al — (Aj 4 Aj)
cp. 4 A, 4- A *tr -(A+AK 1
— e
cao A, + A» Ai — (A, + A3)
A ! +oA+A A (= A
nr
A+ A, A=A+ A) 7 Al = (As + Aj)
A, cp.

Cao Aa Cao
e Dt e-JT
11— T

1 —Xm]
A= h_ N
*A [A -, (A, + A)l

« liquations concentration-concentration are valid in the case of sccond-order eyetcm (8)f except for CbTK’g in sériée
wbete desiga équation ci type (36) ehould be applied step’by step to succesive tanks in the serios.
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Table 4 (continned)

Il. CSTR
CA 1
I — Yn
Cp, *>T An
CAo (1 + AT) [I + {h, + *e)T] An
kt I — XA
*A
AjA3EF = XA &= s 1-><A
cno (L4 AT [1 + (Aj + A3)X] ko 4 A+A XA
A, 1--An
Al
Cp, A3 Cp, AJAIT» A, 1 — XA
cAO Aj  C<0 ¢ + AjD [1 + (Al 4- A3)T] A il A +A XA
b, 1->Xn
|
] + —=en 5 e _
A 1-A.<
I1l. CSTR’s in sériés.
1
---------------- =1-Xn
a1 + Aj?)”
/Cp \ 1\ S A+ AT/ [J+ A + )T .

L+ A [1+ (A + A)TM

s. {f 1 2?7« j[”+ * ;—Iss i{(l _>£A)/n I}, |r

| i [@ - A'a)d
=1@ - -¥nin) —] | '
. B+ 11(1 XA)I/” |r

AT+ S (I + Ajesil + (A, + A3)g]>.
aplA = —/J
[+ AT)n — 1] [1 + (A + A)t]

A + A
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Table 4 .{continued)

LIEPAR T R e S (G A
Mbl- """ ]}

I Cao 'n n

IV. CCM
Cch 1
| -p- ! L — A4
1-AO a
1+ kr—
S
AjTa
C.40 XA
B — %A
Cp» AA T3’ A<
3 1 J1.+ A,
Coo o V[ +(-+bT]
Cp. KIKtTta A'n
Cao B+ *i
1 1
cllla »=
«d-fF +

3. Conclusions. When the product distribution and the total capacity are
known, the size of the reactor can be determined and optimized with respect
to the total process design or operation. The reactor type is generally selec-
ted on the basis of product distribution and/or selectivity for desired product

Note: Is [1, n], f+j=n-1fe [n -1 0]
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The équation describing the produet distribution and selectiviiy deduced
in this paper for the classes of complex reactions largely encountered in the
industry, and for the reactor type and combinations discussed, could be easily
used to appreciate these amounts, even if the calculus is made for constant
température, which holds for CSTR and CSTR’s in sériés. As we have already
mentioned in the particular case of CSTR’s in sériés, a température programme
could be taken into considération and the resuit would describe the behaviour
of a real tubular reactor operated undc-r nonisothermal conditions.

Diagrams of the type presented in the figures could be easily drawn by
means of a simple computer programme at various ratios of rate constants,
and conclusion regarding produet distribution could be obtained, helping the
designer in his choice of the reactor type to be used.

A simple inspection of the figures presented reveals that the PF reactor
is always superior to CSTR from the produet distribution viewpoint. Less
unreacted A should Ire removed from the final mixture at a given fraction
conversion. It follows CSTR’s in sériés, having a reasonable number of tagks.
On the other hand, a comparison of experimental produet distribution with
theoretical values using these models, when Kinetics is known, leads to the
conclusion regarding nonideality of the flow.

With laboratory reactors, the experimental produet distribution compared
to that calculated by corresponding équation deduced here will facilitate the
détermination of rate constant ratios, a very useful tool for a kineticist.
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OPTIMAL CHOICE OF SOLVENT SYSTEMS
IN BIDIMENSIONAL THIN LAYER
CHROMATOGRAPHY

costel sarbi¥ iovaxca haiduc*

ABSTRACT. This paper proposes the contingency tables for the optimal choice
of sets of solvents in bidimensional thin layer chromatography. The new approach
described here is capable of finding the optimal combinations of two TLC solvent
Systems according to, for instance, Pearson %, Cramer’'s V or gamma criterion.
In this order an IBM-PC computer has been used to run the corresponding
STATA program.

Introduction. A rather common problem in chromatography is to find
objective criteria for the évaluation of the most efficient chromatographie system
and an optimal chioce of combinations to identify the group of compounds.

Regardless of the kind of chromatography used for a sample analysis,
e.g. thin layer chromatography (TLC), gas chromatography (GC), paper chro-
matography (PC), the optimal set of chromatographie Systems includes those
which differ very much in identification characteristics, e.g. hR, values and/or
colours in TLC.

The idea of using TLC in qualitative analysis has long been pursued duc
to the simplicity, the low cost, the rapidity and the sensitivity of the analy-
tical technique. Obviously a single rétention factor, hRy, is not always sufficient
for the identification of any compound and it is evident that more measure-
ments are needed. The hRy values in different solvent Systems reported either
in graphical représentations such as the ,,chromatographie spectrum” [1] and
“chromatographie profile” [2], or in tables [3] have been considered to be
suitable for identification purposes. In this regard the choice of the minimum
number of solvent Systems containiug different information is of crucial impor-
tance for the identification of unknowns and has been the topic of several
Statistical studies. The individual information provided by each solvent system
and the corrélation between such Systems have been investigated using the
"disetimination power” [3—6], information theory [7—10], numerical taxo-
nomy technique [11, 12], while principal components analysis [13—15] and
recently fuzzy sets theory [16—17] have been used to evaluate the quality
of TLC séparations and for the sélection of optimum sets of solvent Systems.

In this context contingency tables has been proven to have a great ponten-
tial for the évaluation of the identification power of chromatographie Systems
considering in this order, h Ry values and colours of unknowns [18]. As a
consequence of these success we here report the results obtained concen ing

¢+ Babes-Bolyai Vnivttsity, Deparlmtnl of Analytical Chemistry R-3400 CjuJ-Napoca, Roménia.
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the optimal choice of solvent Systems for a bidimensional TEC séparations
using contingency tables.

Theory. A contingency table provides a way of simplifying the présen-
tation of data and a useful method of comparing two and more variables [19]
Wa are often interested in the possibility of relationship between two variables.
Also of interest are the degree of strength of relation between two variables
and the significance of the relationship. Contingency tables are essential with
nominal variables but also they may be successfully used with quantitative
variables. Each cell of such a table represents the number of observations
belonging to a particular category or dass of the data. In our case a cell
contains the number of compounds of the same hRy range e.g. 0—10, 11—20,
..., 91—100 for a combination of two solvent Systems. The labels of this
dass are found in the column and row corresponding to the cell.

Manv criteria (indices) were proposed to evaluate the degree of partitional
adequacy (association) of two partitions of n objects. All such indices are deri-
ved from the contingency table constructed from two partitions as is shown
in Table 1. The two partitions of ri objects are denoted U and V. The parti-
tions are identified with the clustering algorithm and a priori information
when a specific index is defined.

Contingeney Tabla of Two Partition.»

Table 1
\Y/| V«
«l “u <. UIf n.
n.i 11»2 M2<y u.
»P. Mp, npj f,
ni n.2 n.? 11, U
U = [ulr u2 uf} and F = {iq, v2, ..., vJ
Entry ny (i—1, 2, ..., p;jJ =1 2, ..., q) in Table 1 is the number of

objects that are both in group u, and in group tq. The term n,. (1) is the
row sum for the ith row, or the number of objects in goroup ut and n., (2)
is the number of objects in group tq. If the data are not weighted, no is
just a count. If the data are weighted, ni; is the sum of weights of ail data
corresponding to the (i, j) cell.

«i-=E na W- w = £ «il (2
j-i i- |
with
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Also define the concordance (3) and discordance (4)

_ + . O) = Bf« + X W
h>=l11=j h<ll<j

along with twice the number of concordances P and number of discordances Q

Now we are able to define some statistics used within the contingency
tables [20-21].

The Pearson x2 statistic with (p — I)(q — 1) degrees of freedom is de-
ined as

N2 vV ') ~~ eI
a1, »>0

where

The likelihood — ratio x2 statistic with (p — 1)(q — 1)'degrees of freedom
is defined in a similar way as the mutual information [18] having the following
expression ' o

6=2FfE

t=-1 &l
Cramer’'s F is a measure of association designed so that the attainable
upper bound is 1. For 2,.X 2 tables, —1 <V < 1, and otherwise 0 <V < 1.
F = (Mu«n'-" «12«m) | for 2 x 2
and
F — [(x2m) Imin (p — (¢ — B)] otherwise.

Goodman» and Kruskal’s gamma y ignores tied pairs and is based only on
the number of concordant and discordant pairs of observations

7= (P-Q)/P+Q)

with asymptotic variance

16S E —-P™M>K + Q)4
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Kendall's T s similar gamma exeept that it considers a correction 1fér
ties

= (> —Q)/
with asymtotic variance

S L - wir = tersqur |- ((>,)«
1-11-1

(«>%)

where
ie, = ny — s,w.
Toc == N3 —
vij = nelsc -+ n.jw,

Kendall's tt (—1 < 16 59 1) and Goodmann and Kruskall’'s gamma (—1 <
<Y < 1) are relevant only when both dimensions of the table can be ordered
say from low-to-high or worst to best. The other statistics, however, are appli-
cable in ail cases.

Résulte and discussion. For the choice of the most appropriate solvent
system recommended in the literature for the TLC of carotenoids, the infor-
mation content (1) has been calculated using the Shannon entropy [7]. In the
same respect the informational energy (E — S,/>2) has been also used [9].

The hRf values for 11 components and 7 solvent Systems presented in
Table 2 are divided into 10 groups of hRf values in the range 0—10, 11—
—20, .... 91—100. Comparing | and E values (see Table 2) it appears that
system OIIV is the best one beacuse the highest I and the lowest E have been
attained.

Table 2
bit; valeee ot 11 earetenold*, information eontnnt, I, and information
enorgy, E.
Solvent
1 11 11 v \Y% \| VI

Cryptoxaathlne 62 70 76 74 39 21 4
Rubixanthine 45 60 «4 45 15 4 0
Lycoxantbine 29 37 40 32 8 0 0
Isozeaxantlrine 34 56 92 9 36 36 10
Hscholtzxauthine 12 22 25 ¢ 8 1 0
Lycopliyll 8 20 22 20 7 0 0
Euglenanone 62 68 8t 80 54 34 9
Canthaxautliine 58 65 79 80 55 37 20
Rhodoxanthine 28 42 43 40 14 7 1
8'-apo-R-carotcuic acid 28 38 30 15 5 0 0
Torularhodiu 6 10 9 2 o1 0 0

1 2.66 2.91 3.08 3.26 2.11 1.79 1.49

1J 0.17 0.14 0.12 0.11 0.19 0.36 0.57

* 50: 50 methaaoi-methyl-ethy- ketoue mixture with light petréleum oi water in various proportions.
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As none of tlie 7 solvent Systems achieves a complete séparation of the caro-
tenoids the bidimensional TLC has to be used. In this order Pearson x2,
Cramer’s " and gamma were calculated. In Table 3 the results obtained for
different solvent System combinations are presented together with the condi-
tional information energy Eitj calculated in the same respect [9].

Considering only the group of the best solvent Systems (I, I, I1l, IV and
V), from Table 2, it can been seen that there is a little practicai différence
between the sequence of values obtained for Pearson x2. Cramer’s Iz and
gamma.

Table 3

Vaines obtained for Pearson n’, Cramer’s V, gamma Y and conditional
information energy, U,//.

Pairs of solvent X’ \Y Y

11wV 50.40 0.87 0.78 0.0032
1n-1v 40.50 0.86 0.83 0.0020
LI AV 47.67 0.85 1.00 0.0016
1—11 44.00 0.82 1.00 0.0050
I -ni 36.00 0.74 0.91 , 0.0020
IV 22.36 0.82 0.87 0.0032
ni-v 22.00 0.81 0.95 0.0036
v -V 21.81 0.81 0.90 0.0048
-V 20.17 0.78 1.00 0.0042
1-vi 14.67 0:81 1.00 0.0036
1-VV1 14.67 0.81 0.80 0.0204
V-VI 14.66 0.81 t.00 0.0253
1vV-Vi 12.22 0.74 1.00 0.0352
[EAVA R 11.00 1.00 0.60 0.0155
1-Vi 9.6 0.66 0.93 0.0706
HI-VII 4.95 0.67 0.55 0.0204
V-VIiI 4.95 0.67 1.00 0.0443
(AVAAVA Y| 2.93 0.52 0.75 0.0793
1-Vil 2.93 0.52 1.00 0.0443

VI -VVU 2.93 0.52 1.00 0.166

From the point of view of Pearson x2 which appears to be the most objec-
tive and sensitive criterion it is easy to observe that the best combination is
within solvent System | and IV because the highest value was obtained (50.4),
the second being 11—IV (49.5) and the third 111—IV (47.7). The same sequence
is obtained using Cramer’s V and gamma. Comparing with the conditional infor-
mation energy one may see that the latter can only occasionally reveal the
same situation. The plot of liRfi vs. liRf} values, as may be seen in. Fig. 1
illustrates the fact that Pearson x2 objectively reveals the (non)similarity between
two solvent Systems in TLC.

Conclusions. Taking into account the results obtained in this paper one
may conclude that contingency tables can be very useful to appreciate the
efficiency of combinations of solvent Systems in TLC considering Pearson X3
Cramer’s V or gamma and/or more sophisticated indices as the likelihood-ratio
X2 and Fischer’s test [21 —231.
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minor importance for our purpose. Of greater importance, however, are the
rules for qualitative analysis which can be derived from them. The rules are

as follows,

(1) Optimal combined methods for qualitative analysis inaké use of indivi-
dually good System.

(2) Individually good Systems are characterized by high spread of analytical
signais (for instance, many different hRf Values or colours) and low errors
(substances .with smajl diference ip hRf values can be discriminated).

(3) Optimal combinations also require that the individual Systems should
yield uncorrelated information, meaning that very dissimilar should be com-
bined. Thjs ¢xplains thé power of combinations of methods with very different
principles such as GCG/MS (combination of & chromatographie method with a
spectrometrical one).
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MONTE-CARLO SIMULATION IN THE REACTION OF p, p’-DINITRO-
DIBENZYL ELECTROREDUCTION TO p, p’-DIAMINODIBENZYL.
I. THE MATHEMATICAL MODEL

MARIA OL.EA», 11VIL ®XICIL ZOILTAV KLBASZEK»

ABSTRACT. The purpose of the papét is the détermination of the Faradaic
yield as well as the chemical one, in the case of the electroreduction of p, p'-
lliaminodibenzyl using a stochastic model of Monte-Carlo type.

Introduction. An clectrochemical synthesis variant is suggested for obtaining
p, p’-diaminodibenzyl, an intermediate in the leather substitutes synthesis. The
numerous advantages of organic electrosvnthesis as compared to the traditional
Tnethod of aromatic nitroderivates réduction have been considered.

The type of synthesis suggested here is based on the mediated electrore-
duction of p,p’-dinitrodibenzvl in a divided batch reactor of filter-press type [1].

A previous study [2] was conccrned with the optimum reactions conditions.

Since the experimental détermination of the quantity of hidrogen formed
parallel with the main reaction is extremcly difficult, a stochastic Monte-Carlo
type model is employed for describing the process. By solvijig this model,
both the Faradaic and the chemical yield are determined.

The Monte-Carlo model. The basic équation of the model is the theoretical
formation rate of p,p’-diaminodibenzyl :
[(dm)] _ iAM

= &

lit zF

where

I — current density, A +*m 2

A = électrode area, ms

M — molecular mass of p,p’-Diaminodibenzyl (DADB), g. mole
= the number of transferred électrons

= Faraday’s constant.

m — mass of DADB, g

t—time,s

This équation is easy to integrate, with a view to determining the imposed
quatities of DADB under (the conditions) of constant current density and of
10$% Faradaic yield.

A considérable shortening of the réaction time is achicved operating
the reactor according to a certain profile of current density, i — i (1) [3].

ﬂh
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This profile is obtained by the numerical solving of the analytical mathe-
matical model that is applied to the electrochemical reactor [4]. The ensuing
problemis the one of determining the Faradaic, respectively, chemical vyield.

Let us have r = the chemical yield of the reaction (time dependent), r —
=r(t). If (dm)t is the theoretical DADB quantitv that is accumulated during
dt, while dm is the practicai quantitv accumulated within the same tirhe dt, then
the following can be written for the chemical yield at the mdinent t:

)
hence :
dm
dt (3)
and, considering the équation (1) we infer:
1 AM
at e P IO (4)

Obviously, the numerical intégration of the équation (4) could be posible only
if we know r(i) at different moments. As we do not have enough experimen-
tal measurements at our disposai, a stochastic model, of Monte-Carlo type,
is suggested for the variation r = r(/).

Wenote «(/) = ?<(/)r(/), (5>

subsequently, by re-writing the équation (4) by means of finite! différences, we
obtaine

- »j-1 = K (6)
h--tj i
where m, = DADB mass at the t, moment
i = DADB mass at the tj ! moment,
or
0
By further applying the équation (7) for other moments, we get :
'onij = Dij_il + a.itj — oijtj.x
*«j—i = Wj_2 4- <<j—i/j—j — (8)
7
T — + ayl — ay

¢ m =% + og/! — a™y,
with the conditions w0 = 0, and To = 0.
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By a meniber by member addition of the above équation, we get
fil, — Xjtj  Xj + @ A2+ v + +
+ »A — («A-i + « dj-2 + v «A)
or, by re-grouping the terms, we obtain:

= «A+ (gJ-i — aA-i + (€2 = «j-Dij-2 + 10 + (<1 - aA, . (10)
which represents the DADB quantity accutnulated at the moment Jy:

A method of Monte Carlo simulation is employed in order to infer the
coefficients irom the équation (10). That is: tj aleatory numbers are generated
within the time interval 0 — tm (where tm is the maximum reaction time

The corresponding value nij is generated' according to a law: —

«=/(/,). The law is chossen in such a way that the suggested empirical model
»wY =/(/;) should prove the value nij as accurately as possible. After several
attempts, the law has the form:

©)

m, — a[l — exp(—foy)J. (V)
An lterative Method of Determination for Coefficients a and b
After a N experimental measurements (/1, the -parameters are deter-
mined from the condition :
m = a[l — exp.(-WJ], (12)
where m — the final DADB quantity.
Step 1
For a first approximation we take ¥ — m: a value for the paraméter
iis determined in the case of each pair (ly, wiy)-
nij = m[l — exp(—bfj)] ] (13)
hence
m — nij (14)

At this step the value assigned to the b paraméter is

(15)

Step 2
From the cquation :

1 —exp (-bQ)tw)

«(2) is rccalculated with the value we inferred during step 1.
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The values of the parameters. b7 are recalculated with the value. «./A and.
the pairs (/,, qr,):

b a'2'— mj ¢ )
Then, the new value assigned to the paraméter b-> at this step is:
\/\/2
&) =1L_ _ = (18)
N
Step k:
i (19)
1 — exp (—bl**1't,,,)
(20)
21
and = @1)
The algorithm stops the moment
|«« _akD|<e (22)
where ¢ is an imposed accuracy and a — a(k and b beiug now capable

of generating qr- (according to the équation (12)).

As compared to the values /»;* calculated by means of équation (9), the
values mj calculated by means of équation (12) have to satisfy the condition :

£ (inj — Wij 2= min, (23)
il
where n — the number of randomly gencrated points

Determination of a, coefficients [6]
We note
Q= E («b — w?)2 min (24)
joi
This sum can also be written :
(i F1) 2 “b (M2 Kt ar(®2 M) + - “bwp HA

— @2 = N)— v — (> = /»i0))2  min.

(25)
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The sum bccomes a minimal one when its partial derivative in relation to
«j are annulled:

= —2{[wh — aj/j] + [m2 — aj/j — a2t — /31 + -1+ +

ottt
Flmn a1 ar(d 4) v @ (4 4-)J} 4~
- (26)
o = —2 — «Jl — <24 — 71) — eee-«>> (4 — 4-1)1
AN ’ (/,-U=o0
or
(»h—Wh + (Wi2 —wi2f + ... + (mn—3%», =0
(2—m2y + ... + (i, —mnf =0
....................................................................................................................... (27)
(tno,,i — mn ¥ + (wi, — mf =0
(wi, — =0.
By solving this System we get
W» = OTS/T ™n | = M, 1o, »h o= wis Mi = =1

Thus, the minimal sum for Qwin is achieved. From the minimum condition we
obtain the System:

wij — "4
X2 — H- ®r(4 4)
I (28)
»m = otfj + 22(2 — /3 + 1= £ a, (/, — ta")
with the solution .
a, = "lj~ +,J=bT /=0 mb-0. (29)

b — tj-i

A number of 256 random points were generated during the interval 0—16 fi

The results here obtained as well as commente upon them will be the subject
of another paper.
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Conelueions : The model suggested here allows the détermination of the che-
mical yield and subsequently of Faradaic yield, during the electroredugtion of.
p, p' — Dinitrodibenzvl to p, p'-Diaminodibenzyl.

As practice has shown, hydrogen evolution reaction dépends on many factors,
having therefore a random évolution, the stochastic model of Monte-Carlo type
can be asserted as the best to describe the behaviour of the system.
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THE SENSITIVITY OE ETHYL-ACETATE SYNTHESIS REACTOR (1)
MARIA PLEA LIVII OMCIl ¥ STKFAX OITA

ABSTRACT. The paper proposes a method of operation based on the direct
sensitivity analysis of the ethyl-acetate synthesis reactor (I) and in that of the
p, p'-diaminodibenzyl eleetrosynthesis reactor (I1).

A mathematical model, verified in practice has been used in the former case.

Nomenc lature:

X — the vector of state variables
u — the vector of control.variables
p — the vector of parameters
*r — the independent variable (lime or space)
8 (t) — the matrix of state sensitivity reported to initial state
*Sp (?) — the matrix of state sensitivity reported to parameters
f(x, n, p, ?) — the vector of funetions i
ix — the Jacobian of the vector of fonctions reportedto x
fp —the Jacobian of the vector of fonctions reportedto parameters (p)
c — the concentration of acetaldehyde. mol. 11
a — the catalyst concentration, mol. | 1
Tt — the acetaldehyde conversion
T — the reacting mass température, K
Tg — the cooling agent température, K
Kj. — the global constant of the heat transfer, Kcal 1in *+s~l1 K
S2ro — the volumetric input flow. m « s-1
Qso — the volumetric flow of brine. m31s 1 ,
Qwo ““ the massic input flous [kg 1 s-1]
Qu,, — the brine massic flow [kg 1 s-1]
e, — the initial acetaldehyde concentration [mol 1 > <]
d — the diameter of the reactor [»t]
d, — the équivalent diameter of the cooling coat [m]
Cp — the specific heat of the réaction mass [kcal 1 mol ‘K ¥
— the specific heat of brine [kcal 1 TolM"K ’]
b — the volumetric contraction
V. — the space [ni]

Introduction. Let us start with a short présentation of the method of the
direct sensitivity analysis (DSA) [1].
A System can be described by the concentrated équation :
x = f(x(T), u, p, ¥ )
where X is the vectorial state équation.

University Babes-Boty&i, FacuUy of Chemistry, 3400 Chij-Nafoca, Rotiuuri».
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The déviation of the system’s state évolution is to be obtained by adding
the effects on the variations of all parameters as below

Ax(t) = [Ix x(t) + + A(t) ¥)
In the case of small variations for AOx0, Am, 4/> we have :

OxN(C) ~ s-«(*)'Alo (3.1)
B. 1) ~86 (3.2)
o2x(m) » 24.4/> (3.3)

where Ox0(n, p) X(T) is the trajectory déviation state reported to x0 (or w, or p).

These sensitivity matrices may lie obtained by solving the sensitivity
équations.

The state's sensitivity reported to the parameters can be written as below :

4)

With the initial condition :

Sp(0)=0 ()

1. The Tiscenko reaction for obtaining the ethyl-acetate [2]
2CH3CHO (%KQ}&N |

(0 CH3 C\X002H5
The Kinetic équation is:

r = kCa, (6)
where : k = Aoexp(-r,,/RT), 7

with k0 — 1,9-108 1/mol s,

Et — 12,5 kcal-mol-1

O,H — —10560 kcal-mol!l
and a = 0.0539 mol I-!

2. The physical model of the reactor and the identification of the variables
and parameters. It is a long tube reactor with coat cooling in parallel flow.
The length is dependent on the imposed conversion [2].

We have chosen x, T, Ts as state variables, KT, a0, c0 as parameters
and Q». Qso as control variables.
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3. The maihematical model équations [2]

dg4 _ K, exp (—EJRT)Ttd8a,(I — tA)

dz " 4Qre(l -blu)y’ (8-1)
daT -0,H ¢+ k.exp(-E,/RT)c.a0(l - - £>1« Krnd(T — Tg) (8 2)
dz “* 4QHCP(1 — bE«) .
drg  Kr-agr - Tg) 8.3)
dz. OntgCpg

with the initial conditions:

5.,= 5<. 9.1)
T=T (9.2)
Ts = 7s. (9.3)

This System was solved by means of Euler’'s method. The solving of the
mathematical model has led to the variations presented in figure 1.

Ifig. 1 Ej, T and Ts variation with reactor leagth.

4. The. parametric sensitivily. We have approached only the impact of
the above paramétere on the state of the System.

The solving of the system (4) —(5) led to the following curves of parame-
tric sensitivity (fig. 2, 3, 4, 5, 6, 7, 8, 9, 10).

5 — Chemie 1—2/19W
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1?ig.
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2, 3, 4. Variation of the state sensitivity S™A'

of the reactor length.

as a function
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‘ fu T
Tig. 5,6 6, 7. Variation of the state sensitivity S&; A
«
of the reactor length.

T\ :
s' as a function
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of the reactor length.
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5. Conclusions, a) The sensitivitv increases in the warm spot for ail the

Parameters in question: ae, c0, Kr.

b) Asyve obtained the matrix of state sensitivity reported to the paramé-
tere, it is now possible to calculate (using (3.3)), the state’s variation reported

to those parainetcrs.
For example, at z — 200 m

.S1T (200) S; (200) s:. (200)
s: (200) .S1J200) SX (200)  +SX (200)
(200) STS (200)  STs(200)
N
1 0.831 1.687 0.137-
12.351 -85.90 -0.514
12.5183 -53.617 0.593.
For a small variation of the paramétere:
AOA/ -0.05 -
Op — AdO 0.001
aro . 0
The state variation is:
Ox  (200) -0.0148
A;x (200) — AT (200) - -0.7035
-AT5 (200) - 0.6795 .
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A POTENTIOMETRIC METHOD FOR LEAD
DETERMINATION IN ALKALINE ZINK-PLATING
ELECTROLYTE

ELENA HHOI'HtTEAN and MONICA HOHN

ABSTHACT. A method for the détermination of low concentrations of lead ions,
in zinc plating electrolyte has been accomplislied. The method is based on the
séparation of the lead ions by selective extraction from the strongly alkaline
aqueous cyanide solution, as lead dithizonate, into a chlorofonnic phase, the de-
complexation of this in acidic medium, followed by potentiometric, complexome-
tric détermination of Pb + by back - titration of the EDTA excess, with

standardized lead acetate solution, usiug a home-made Pb ion selective mem-
brane electrode (Pb ISME).

The experimental data have been statistically worked out, and coinpara-
rated to those obtained by atomic absorbtiou spectrometrv.
The method is estimated to prove high précision and accuracy.

Introduction. The quantitative détermination of lead in various electropla-
ting electrolvtes is the main topic of a great number of papers in this field
1-9].
mor?g the most frequently used méthode are : polarography [1—4], spectroche-
mical methods [5], chromatography [6], anodic stripping voltametry [7—9].

A potentiometric method [10] is useful for the déetermination of low con-
centration of lead in samples of residual water, resulted from electroplating
baths. The détermination was carried out by direct potentiometry using a
Pb2+ selective membrane electrode. The major drawback of the method is
the interférence of Ag+, Hg2+ and Fc-3+ ions.

It is known that strongly alkaline zinc-plating electrolyte is mainly cha-
racterised by the following chemical composition : NaCN (90—100 g/L) ; NaOH
(70—80 g/L) ; Zn2+ (36—38g/L). As the time of use increases, the electrolyte
becames contaminated with cadmium, lead aud iron ions, which interferes
with the zinc-plate process, especially when their concentration reaches the
criticai values of 0.2 g Cd2+/L ;0.5 g Pb2+/L and 3—4 g Fe3+/L- Zinc, cadmium
and iron are present as cyanocomplexes.

Lead ions are present as natriumplumbit, that is wliy they cannot be
determined by direct potentiometry. On the other hand, zinc, cadmium and
iron ions resulting in the reaction of these cyanocomplexes with formaldéhyde,
interfere the Pb-ISME response towards lead ions.

Taking into account these interférences, our potentiometric method for

lead détermination (Pb-ISME [11]), in this case is preceeded by its extraction
in chloroform as lead dithizonate [12, 13].

Experimentul. Devices and working eoiidllions: The potential ineasurements were performed
at room température, under stirring conditions, by using a digital pl-iueter, accurate to 1 ruV.

Institute of Chemistry, Sir. I'Artanele 30, 3400 — Clttj-Na/nca, Hottmania.
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A home-made Pb ion-selectivc membrane électrode of type Pb-ISME [11], based ou a mix-
ture of PbS and Ag,S as well as a double juuctiou saturated calomel electrode (SCE) as areference
électrode have been used. The second salt bridge of the reference electrode consists of 1 M KNO
solution. The following solutions are necessary : Dithizone 3 x 10”3 M and 3 x 10" M in Chloroform
0.2 M HNO-;, 10 1M NaCN: 2 M NaOH ; buffer solution of pH = 4.7 (acetic acid — sodium acé-
tate): 10- M EDTA; 5 x 10"3M lead acetate.

Prineiples »1 the method : the inethod involves the following steps:

a) selective and quantitative extra ctiou of Pb3* in Chloroform (pH 10 — 10-2) as lead
dithizonate [12, 13],

b) décomposition of the extracted lead dithizonate with 2 M nitric acid when lead ions are
transfered into the aqueous solution ;

¢) addition of standard EDTA solution in excess;

d) potentiometric titration of the EDTA excess with a standardized lead acetate solution.
For the détermination of the équivalence point, au electrode pair formed by a Pb-iISME and a
double junction saturated calomel electrode is used.

Procedure : Samples of 5 ml of the zinc plate bath electrolyte werc diluted to 10 nd with distil-
led water and the pH was adjusted to 10 — 10.2 with 2.5 M nitric acid.

In order to separate lead as lead dithizonate in Chloroform, following way has lieen chosen :

The prepared sample was quantitatively transferred into a séparation funnel and was vigo-
rously stirred with 10 ml of 3 x 10 "3 M dithizone in Chloroform. Cliloroformic phase containing
lead dithizonate was transfered in another séparation funnel. Three succesive such extractions
have been performed, chloroformic phases being collected in the same séparation funnel and after-
wards washed with 10”1 M NaCN. Then solution of lead dithizonate in Chloroform was vigorouslv
stirred in Separation funnel with 10 ml solution of 0.2 M HNO3, in order to transfer lead ions in
the aqueous phase. This operation was repeated three times and respective aqueous phases were
collected in the same bealcer.

The pH of the aqueous lead extract was adjusted to pH — 4 by adding dropwise 2 M NaOH,
then 5 ml of buffer solution of pH — 4.7 and 5 ml of 10”3 M standard EDTA solution (Yijor.t)
were subsequently added ; The excess of EDTA was potcntiometrically titrated with standardized
5 X 10“3 M lead acetate solution (Vt). A microburette was used for titrant addition. Titration
curves obtained were very well shaped and showed a shorp potential jump of at least 120 mV
at the équivalence point. The équivalence volumes are determined by Hahn-Weillcr method [14].
Lead content expressed in g/L was calculated according to the formula:

M))
Pb (g/L) — (YeOT< X fjjoyj — 5 X Ve X fpbXca) JOO X y '

where / represents the correction factor for the EDTA and lead acetate solution respectively, and
V$ — the titrated solution volume. Nine déterminations have beeeu performed. Data obtained
were statistically processed, according to the literaturo recommendations [15].

Résulta. Experimental results are given in Table 1.

Table 1

Experimental data obtained for lead détermination in zlne — platiny electrolyte

Xr. \% g Pb/l. sample

crt. ml

0 ! 2

1 0.73 5:687 x 10%*

2 0.73 5.687 x 107

3 0.725 5.797 x 10773

4 0.725 5.797 x 1O-

5 0.73 5.687 x 10 i

6 0.73 5.687 x 10 -i

7 0.73 5.687 x 10-1

« 0.73 5.687 x 10 i

9 0.72 5,908 X 10 *
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Statistically, the following results have been obtaincd : A = 5.74 X 10 | g Pb/L ;
n=9;s2—6.39 x 10; s—8 X 10~3 and % 2.66 x 10-3. Taking into
account the low value of dispersion s2, the method is estimated to prove a
high précision.

The data were compared to those obtained by atomic absorbtion spectrome-
try (value A), by applying the test t. The following results hdve been obtained :
X =574 X HO-i; A= 568 X 101 and tcaled = 2.25. Since tcaM = 2.25 <
< tlah — 231 (P =95% ; k = 8), the two data do not diffc-r from the Statis-
tical point of view, a fact that leads us to the conclusion that the proposed

method is accurate.
The described method has been used also for the détermination of traces

of Pb in waste water samples from electroplating batlis as well as in the dé-
termination of small amounts of Pb (< 1%) in brass samples.

Conclusions. The method is charecterized by simplicity and rapidity.
The experimental results prove that it has a high précision and accuracy.
The method can be easily and efficiently applied to an industrial labo-

ratory.
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OXYGEN ELECTROREDUCTION BY CYCLIC
VOLTAMMETRY AND CHRONOPOTENTIOMETRY

ELENA M. PICA ILEANA TEICA

ARSTHACT. The electroreduction of oxygen by cyclic voltammetry method has
been studied in comparison with Chronopotentiometrie one on stationary silver
gold and carbon paste electrode».

One wave has been obtained on silver and two waves on gold and carbon
paste respectively, in 1M KCI and 1 M KC1 + 0,01 M KOH solutions, satura-
ted with air.

Introduction. The electrochemical réduction of oxygen has been studied
by cyclic voltammetry [1—4] both on stationary and rotating électrodes and
by chronopotentiometry on stationary platinum [5—7], paladium [6—8] and
gold [9] électrodes, respectively.

Although the mechanism of this electroreduction has not been yet comple-
tely elucidated, it is admitted that regarding this mechanism the electrodic
materials used may be divided in two distinct groups, namely [10, 11]: a.) pla-
tinum, platinum group metals (Pd, Rh, Ir), silver and nickel. The réduction
of oxygen at their surface takes place in two paralel reaction: in ,,direct”,
one step reduction to water and the “succesive”, two step réduction with
the intermediate formation of hydrogen peroxide, and b.) gold, mercury and
carbon based électrodes : the réduction of oxygen at their surface occurs ouly
as a resuit of two step "slccesive” reaction with the formation of hydrogen
peroxide,

The paper présents a comparative study of réduction of oxygen by cyclic
voltammetry and chronopotentiometry on., stationary électrodes used at the
manufacturing of sensors for the'détermination of dissolved oxygen.

Results and discussions. The cyclic Voltammetrie and Chronopotentiometrie
réduction curves of oxygen on silver, exhibit ouly one wave, correspondu”
to the direct réduction of oxygen to water, in both electrolyte media (Figures !
and 2; curves 1 and 2).

The half-peak potentials determined from voltammetric curves are displa-
ced towards more negative values in the 1! M KC1 solution as compared to
the 1 M KC1 4- 0,01 M KOH solution (Table 1), showing that the process is
more reversible in the case of 1 M KC1 + 0,01 KOH. The saine behaviours
has been ecncountered from the potentials at +/4, determined from Chronopo-
tentiometrie curves, (Table 1). As a conséquence, a decrease of réduction over-
voltage of oxygen takes place with the increase of the pH value, in accordance
with the literature [11] data.

* Technical Uaivenity, Department of Chemistry, B-dul h-litncii 105, 3400 — Cluj-Na/toca, Roumatua.
Institute of Chemistry, Str. FAntanele 30, 3400 — Cluj-Napoca, Koumania.
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>'ig. 1. Cyclic voltammograms of the réduction m'i g. 2. Chronopotentiograms of the ré-

of oxygen on Ag in air saturated solution: 1 M duction of oxygen on Ag in air saturated

KC1(1), 1 M KC1 + 0,01 M KOH (fresh surface (2) solutions: KC1 1M(1), KCI | M 4- KOH

and agcd surface (4)), and the cyclicvoltammo- 0,01 M (2) and the chronopotcntiogram of

grain of Ag in 1M KC1 + 0,01 M KOH, deae- Ag in KCI | M solution deaerated with pu-
rated with purified Ar (3), rcspectively. rified Ar (3), respectivelv.

With the aging of the surface two peaks (Figure 1, curve 4) can be obser-
ved on the cyclic voltammograms, with the half-peak potentials between
(—193,0) — (—225,0) mV for the first, and (—351) — (420) mV for the second
wave, respectivelv. In the region of the anodic scanning for negative potentials,
only one peak is observed at (—184,0) mV, that doesn't correspond to a
reversible oxidation H202/O2 These data confirm the mechanisms presented
in literature.

The curves of réduction of oxygen on gold, registered both by cyclic

voltammetrv and chronopotcntiometry, exhibit two waves, corresponding to
the two steps réduction of oxygen in the two electrolyte media (Figures 3
and 4, curves 1 and 2).
From the voltammetric curves, for the first réduction wave, the determined
half-peak potentials are more negative in 0,1 M KC1 solution then in thee
1M KC1 4- 0,010 M KOH solution (Table 1), resulting that the process is more
rapid and more reversible in basic medium. For the second réduction wave
the half-peak potentials are morc posibtive in the 1 M KC1 solution than in
the 1 M KC1 + 0,01 M KOH solution (Table 1), indicating that the process is
slower and more irreversible in alcaline medium. For both waves the results
are in good agreement with the Chronopotentiometrie ones, (Table 1). As a
rcsult, the overvoltage of the oxygen réduction to hydrogen peroxide decreases
with the increase of pH, while the overvoltage of the réduction of hydrogen
peroxide to water increases with the increase of pH.

The curves of the réduction of oxygen on carbon paste, registered by
cyclic voltammetry or chronopotentiometry present two réduction waves in
both electrolyte media. (Figures 5 and 6, curves 1 and 2).
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Fig. 3. Cyclic voltammograms of the réduction
of oxygen on Au in air saturated solutions: KCI
1M (1), KCI 1 M + KOH 0,01 M (2) and the cyclic
voltammograin of Au in KCI 1 M+ KOH 0,01 M

deaerated with purified Ar (3), respectively.

F ig. 4. Chronopotentiograms of the
réduction of oxvgen on Auin air satu-
rated solutions: KCI 1 M (1), KCI 1 M +
+ KOH 0,01 M (2) and the chronopo-
tentiogram of Au in KCI 1 M solution de
aerated with purified Ar(3), respectively.

The half-peak Potentials determined front the voltammograms for the
two waves are more negative in 1 M KCI + 0,01 M KOH solution than in
0,1 M KCI solution (Table 1). The values of the potentials are not in agreement
with those obtained in the case of ehronopotentiometry (Table 1). Thus, the

M
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f/ £y |/

e
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Fig. 5. Cyclic voltammograms of réduction of oxygen on carbon

paste in air saturated solution: KCI 1M (1), KCI 1 M + KOH 0,01 M

(2) and the cyclic voltammogram of the carbon paste in KCI 1M so-
lution deaerated with purified Ar (3), respectively.



Tablt 1 &

Experimental values ot the half-peak and T/i1 voltages for different electrode
material» and electrolyte solutions, saturated with air; T - 293 K.

Half-peak potential (Ep/3) inmV~’, t/4 voltages, in MV determined
determined from voltammograms from chronopotentiograms
Er:f;g‘r’l‘i? 1M KC1 1M KC1 + 0,01 M KOH 1M KC1 1M KCL + 0,01 KOH
0O2/H202 H202/H20 ' 02/H202 H202/H20 02/Ha0? H202/H20 02/H202 H202/H20
Silver 298-371 (02/H20) 252-259 (OJH..0) 327-380 (02/H20) 300-336 (02/H20)
Gold 200-210 464482 144-235 473-587 215-245 533-593 202-231 835- 925
Carbon paste 800-1055 1283-1357 1050-1185 1434-1534 1190-1350 1380-1520 1050-1260 1270-1440

* All values in the Table are negative.
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values of the half-peak potentials determined irom the voltammogram show
that the overvoltage of the réduction of hydrogen peroxide increases with
increase of the pH, while the values of the potentials determined from the
chronopotentiograms ilustrate that the overvoltage of réduction of hydrogen
peroxide decreases with the increase of the pH.

In solution free of oxygen, the cyclic voltammograms of silver and gold
exhibit two peaks, one anodic and other cathodic, corresponding to the for-
mation and réduction of the oxides on the surface, respectively (Figures 1
and 3, curve 3). The chronopotentiogtams of silver and gold present (at the
voltage of ~400 mV) a wave (curves 3, figures 2 and 4) attributed to the réduc-
tion of oxides formed on the two surfaces. In the case of carbon paste elec-
trode, neither the voltammograms, nor the chronopotentiograms, do not exhibit
peaks, indicating the formation of oxides (Figures 5 and 6, curves 3).

Experimental. A commun used experimental Setup for cyclic

voltammetry [12] and for amperostatic chronopoten-
tiometry [13] was used.

The working électrodes were a silver wire elec-
trode of r, — 4+ 10 1 m radius and A = 0.2059 * 101 m?
area and carbon paste disc electrode (CPE) of r0 = 151

L0' 3ni radius, and A= 7.065+ 10 ¢ in2. As auxiliary
electrode served a platinum hélix with A - 12591 10 * m2
area and as reference electrode the saturated calomel
electrode (SCE) through Luggin capillary.

The studies have been focussed on the réduction of
oxygen on untreated électrodes, in 1 M KCl and 1| M KO +
0,01 M KOH solutions, saturated with air. The cyclic
voltammograms have been registered at constant scanning
rates, ranging between 42—84 mV/s. The chronopotentio-
grams have been registered at five constant values of
the current, between 16 — 5,0+ 10 ‘A. with 5—6 Tneasu-
rements at each value of the applied current.

The cyclic voltammograms on silver, gold and car-
bon paste électrodes have been obtained in saine solution
deaerated with purified argon.

The half-peak potentials (Ep/2) [12], corresponding to
the half-wave potential in polatography, has been calcu-
lated from the voltammograms. The transition time r have
been calculated from the chronopotentiograms usiug the
Kuwana method described by Russel and Petterson [14]. (2) and the chronopotentiogram of
The T1/4 voltages, corresponding to the half-wave potential

the carbon paste in KCI 1 M solur
in polarography was calculated with the ecuation of Karao- tion deaerated with purified A-
glanof [15, 16].

(3), respectively.

Fig. 6. Chronopotentiograms of
the réduction of oxygen on carbon
paste in air saturated solution:
KClI 1 M (1), KC1 1 M +KOH 0,1 M
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INTERACTION OF SOME DRUGS WITH
MONOMOLECULAR MEMBRANES AT THE FLUID
INTERFACES

MARIA TOMOAIA—EOTISEE E. €HIFU J. SAKO P.T.
FRANGOPOE P. J. DUIXN AURORA WMOCANU

ABSTRACT. — By compressing stearic acid monolayers spread onto aqueous

solutions of different pH values and containing procaine and Gerovital H3,

respectively, the pénétration of these drugs into the stearic acid monolayer

was studied, by using Gibbs' équation. This pénétration is more important
in the case of Gerovital H3 as component to pure procaine.

Introduction. Adsorption of soluble surfactants at the air/water interface
may be increased by the presence of a monolayer of insoluble surfactant. This
phenomenon is frequently called monolayer penétration [LJ.

Compression isotherms, i.e. surface pressure (1e) vs. mean molecular area
(A) curves of stearic acid (SA) monolayers spread at the air/agueous solution
interface show that drugs as procaine (P) or gerovital H3 (G) dissolved in
the subphase have an important influence upon the behaviour of the SA mono-
layer. P and especially G have an expanding and fluidizing effect upon the
SA monolayer and in addition they stabilize the monolayer, i.e. increase its
oollapse pressure [2]. These phenomena are presumed to be due to the péné-
tration of drug molécules into the SA monolayer.

Experimental. Surface tension of aqueous solutions of procaine chlorhydrate of different concentra-
tions is measured by using du Nouy's ring method.

Compression isotherms of SA monolayers are recorded by using the Wilhelmy method. In
these experimente both buffered and unbuffered subphases were used, i.e. measurements were per-
formed at pH = 2, ensured by 10~ M HCI, at pH values comprised between 4 and 5.6 as gene-
rated by the dissolved procaine chlorhydrate, and at pH = 8 ensured by phoephate buffered solu-
tion.

The concentration of P in the subphase was varied between 0 and 10-" M.

In the case of gerovital H3 having P as active component in the subphase the P concentra-
tion was of 1. OM. Ail measurements were performed at 22°C.

Results and discussion. Surface tension (c) of P solutions of different
concentrations (c2) was plotted vs. In c2, allowing us to derive the procaine
adsorption (I'*) by means of Gibbs équation :

« National Institutes of Health, Physical Biology Laboraiory, Bethesda, Maryland 20892, USA.

*e Department of Physical Chemistry, Universily of Cluj-Napoca, 3400 Cluj-Napoca, Romania.
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where k and T stand for Boltzmann's constant and absolute température,
respectively. P adsorptions calculated for a subphase P concentration c2 ==
= 10s M are presented in Table 1.

Table 1

P adxorptiou at e,, 10 3 M, anii inean molecular arca at .aaturaluion, aa
function of pil value*.

pH 2 4.3 8
1 10 la, molcc./cms 0.267 0.694 1.463
Aj. ntn’/molec. 2.07 1.96 0.91

As seen in Table 1, I° increases very much with increasing pH values.
This is due to the protolytic equilibria in which participate the P molécules.
At pH — 2 in the subphase there are almost equal amounts of protonated

PH* and double protonated PH?'" molécules. At pH = 4.3, practically PH+

is the only species. At pH = 8 besides PH b there is a considérable amount
oi neutral P molécules. Therefore, results presented in Table 1 are very reaso-
nable since the incrcase of the surface activity may be expected in the order
pHIl < PH! < p.

From the maximum adsorptiou, derived by means of the least square
method from the linear portion of the s vs. In c2 curve obtained at high c2
values, the mean molecular area As of P can be calculated. These values are
also indicated in Table 1. In view of their interprétation molecular models
were constructed and area necessities were calculated for the P molecule in
a vertical position, perpendicular to the air/water interface, and for its hori-
zontal-lying down position. By comparing the calculated molecular area values
of P in different conformations and for different modes of packing in the
surface lattice with those presented in Table 1 one may conclude that P is
adsorbed at the air/water interface in a horizontal position.

The influence of the subphase drugs upon the behaviour of SA monolayers
was studied by recording the compression isotherme of the monolayers. As
an example, in Fig. 1 such compression isotherms are shown in the case of
subphase having pH = 4.3. Both in the absence of subphase drugs (curve 1)
and in their presence (curves 2 and 3), the isotherms exhibit two linear por-
tions corresponding to the solid state (S) of the SA monolayer (at high n
values) and to the liquid Condensed state (LC) of the monolayer (at interme-
diate 1 wvalues), aud at compression the LC -» S phase transition occurs at
about the saine surface pressure of 26 mN/m, as observed also at pH =2 [2].

The presence of P in the subphase (c2  10~3 M, curve 2) entails a shift
of the isotherm towards higher A values, i.c. P has an expanding effect. The
slope of the linear portions is kss than with curve 1, indicating the fluidizing
effect of P upon the SA monolayer (its compressibility is increased).
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Fig. 1 Compression isotherms Fig. 2. The ny, values for P and (1 as function of —
of SA monolavers; pH = 4.3
Subphase : 1—without drugs ;

2~10_ "M, P;

3-G(10 *Min P).

Further, one observes that the collapse area Ac is not affected but tlie
collapse pressure nc (see arrows in Figure 1) is considerably increased. These
phenomena may be explained in the following way: P pénétrates into the
SA monolayer, leading to the increase of A. At compression, at large revalues,
the P molécules may be squeezed out from the monolayer, since Ac has practi-
cally the same value in ail cases. Presumably, the expulsed P molécules form
a subjacent monolayer, which interacts with the SA monolayer, leading to the
increase of nc.'

In the case of gerovital H3 (curve 3), the effects are similar to those obser-
ved with P,but they are alittle higher, showing that P pénétration into
the SA monolayer. is increased by the ingrédients of G.

In order to obtain information concerning the amount of P penetrated
into the monolayer, the Gibbs'équation adapted to the presence of a monolayer
of insoluble surfactant [1, 3] was used. At constant mean molecular area (/1)
of the insoluble surfactant. (A = A3), the adsorption of the soluble surfactant

per unit area of the interface not covered by insoluble surfactant molécules
is the following .
W

r; =K irin c)j13, T

The adsorption per unit area of the interface can be obtained as:
r=ri(l = AYAY) 3)
where A3 stands for the partial molecular area of the insoluble surfactant.
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We presumed that A3 can well be approximated by the collapse area of SA.

From compression isotherms of SA monolayer rccorded on subphasos with
varyiug P concentrations 2 valuescan be derived by using Egs. (2) and (3).
Results are summarized in Table 2.

Table 2
1* udHucpUou (12 . IH 1J, molee/c-nP) ut 10’M an hiaeUon oi A, and pli.
Y A, nm’
P " 50 40 30 25 20
2 0.41 0.59 1.54 0.90 0.42
4.3 0.58 1.09 1.79 1.34 0.25
8 2.12 2.06 1.39 0.87 0.27

By comparing I, values with TI° values presented in Table 1, one can
see that the P adsorption is generally enhanced in the presence of the SA
monolayer. Further, one observes that the maximum [Ta value increases with

increasing pH, similarly as It values (see Table 1).

These results enable us to calculate the ratio between the number of P
and of SA molécules per unit area, which will be referred to as pénétration
number (n™. For subphases with ¢2 = 10~8 M the maximum np values at
pH=>2; 4.3 and 8 are equal to = 0.045; 0.058 and 0.11, respectively.

For other Systems, pénétration number values were derived also from
the mean molecular area incréments [OJ1 observed at constant tt values [4]
as np — aA/A2 where AA represents the différence between the mean molecu-
lar area of the insoluble surfactant in the presence and in the absence of the
drug, measured at the same 1¢, and Aa stands for the molecular area of the
drug. We derived a more correct expression (by presuming that in the monola-
yer the molar fraction of water is a unique function of Tc), viz.

np = AA/(A — A3+ A) 4)

where A2 and A3 stand for the actual area necessity of the soluble and of
the insoluble surfactant molécules, respectively.

The pénétration number values were derived by means of Eq. (4) from
the compression isotherms rccorded in the absence of surfactant drugs in the
agueous subphase, on subphases containing 10-3 M procaine, and on G-containing
subphases, the P concentration being also 10~3 M. Inthese calculations 0.18 nm?
was taken for A3 In the case of A2 for ©t =0 the Aa— 1.5 nm? value
was taken and A» was presumed to be a linear function of 1, at the phase
transition of SA becoming equal to 0.4 nma3.
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The N/, values calculated by means of the above procedure are visualized
in Figure 2. As a general feature one observes that has a maximum at
about 5 mN/m. This maximum value obtained for P is in very good agree-
ment with the value derived above for 10“3 M P solutions by means of
the Gibbs' Equation.

Further, one observes that the pénétration is more important in the
case of G as compared to P. The increase of pH entails increasing of np, indi-
c-ating that neutral P molécules penetrate more easily into the SA monolayers,
than the cationic species do.
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METAL COMPLEXES WITH HIDRAZONE TYPE
LIQANDS. I1l. SYNTHESIS AND ESR SPECTRA
OF CU(ll) COMPOUNDS WITH
sulfonamidobenzihydrazones

LUMINITA SILAIillII-PUMITRESCU RADU SEMENIIE and RODICA
MICU-SEMEN tUC

ABSTRACT. Cu(ll) complexes of the type CuX,(L,ig),. CuX(l.ig) and Cu(Lig),.
where X — NO,, Cl. Br and Lig -- benz.hydrazone type ligands have been Syn-
thesizer! and characterised by eletnental analysis, infrared and ESR spectra.
Isotropie spectra were found for Cu(XO3)j(Lv).. Cu(Ls)a and CuBr(Ls) and
axial symmetry for the other compounds.

Introduction. The coordination behavior towards nietals of the ligands
with known or potential biologic activity has been in our attention for sevcral
years [1—5]. After the solution studios of Co(ll) and Ni(ll) complexes '4]
and the synthesis and characterization of UQOa(ll) complexes [4, 5] with sulfo-

namidobenzhydrazone ligands we report now the synthesis and ESR spectra
of some Cu(ll) complexes of the same liganés.

The title compounds havé been synthesised by reacting CuX? (X = NO»
Cl, Br) with the following sulfonamidobenzhydrazone ligands :

h.n—so2-<““) —c—-nh—-n=ch—">\

HaN-SOa-(f y—C—NH—N==CH—

I
O

NH-N=CH-~ ¥

J/—
HO

Résulte and discussion. The reaction of sulfonamidobenzhydrazone ligands
mentioned above with Cu(ll) salts lead to three types of compounds (according
to the elemental analysis) : CuX2(Lig)? where Lig— L and L, and X — NO3
and Cl, CuX(Lig), for Lig— Ls and X =CI and Br and Cu (Ls)a The last

- t/mwrstiy o/ Clvj-Napoca, Ckctnisfry Department, 3400 Clwj-Napdca, Ronmania.
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two types of compounds were obtained with the anionic form of the L, ligand
in basic solutions. The data regarding the synthesis, elemental analysis and
some physical properties of the complexes are listed in Table 1. Infrared and
ESR spectra are discussed for the synthesised compounds.

Table 1
Elemental Analysis and Physical Properties ot the Tille (nnipounds
CuX? Ligand M.p. (d) % (iound/calculated)
Compound o Colour
(@ ()] ©) Cu N halogen
1. Cu(NO3)(L)? 0.06 0.15 (220d) green- 8.43/8.00 13.86/14.11 -
brown
2. Cu(NO3)2(L,)2 0.12 0.34 128-130 green- 6.94/7.16 11.83/12.61 -
brown
3. CuC12(L)2 0.07 0.15 (100d) dark- 9.00/8.58 11.02/11.34  9.00/9.59
green
4. CuClI2(Lv)2 0.07 0.18 * green- 7.90/7.61 9.83/10.06  8.25/8.50
brown
5. CuBr2(L)3 0.16 0.15 (270d) brown 7.08/7.66 - 19.00/19.28
6. CuBr3(L,.,)? 0.16 0.18 (180d) dark- 7.40/6.88 8.71/9.09 17.80/17.02
green
7. Cu(Ls)a 0.12 0.32 « green 9.59/9.07 11.60/12.00 -
8. CuClI(Ls) 0.07 0.16 « green 15.20/15.23 9.92/10.07 17.60/17.02
9. CuBr(Ls) 0.16 0.15 * green 14.40/13.77 8.58/9.10 17.40/17.33

« stable imtill 340°

Infrared Speetra. As expected, the IR spectra of the title compounds
are very complex, due the organic groups present in the ligand molécules,
the assigment of the bands being difficult. The comparison of the IR spectra
of the starting materials (Cu(ll) salts and sulfonamidobenzhydrazone) with
the spectra of the Cu(ll) complexes show changes in the range of v(NH2)
and v(C = 0) frequencies. The shift of the v(NH2) in the spectra of compounds
(1) and (6) was related to a coordination through a sulfonamidic groups [6].
For the complexes with the ligand changes in the position of v(C = ()
frequency were observed. The ligand has a different behavior: the v(O—H)
Stretching, present in the IR spectrum of the ligand is missing in the spectrum
of the Cu(ll) complexes (compounds 7, 8, 9), in accordance with the forma-
tion of Cu—O bonds. No other obvious changes were observed in the IR spectra
of the compounds.

ESR Spectra. Isotropie spectra were obtained for compounds (2), (7) and
(9) (Fig. 1) and spectra with axial symmetry for compounds (1), (3), (4) and
(8) (Fig. 2.). The parameters calculated from the ESR spectra are listed in

Table 2.
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Table 2

KSH speetr« paramétere

Compound
1. Cu(NO,),(1,),

*+ Cu(NO,)(L1),
3. CuClI,(L),

4. CuCU(l,r)a

7. Cu(l,s)3
8. CuClI(l,s)

6 CuBr(Ls)

g

2,036
2.25

2,018

2,043
2,196

2,047
2,140

2,054

2,050
2,170

2,073

AB (gss) 1» /1+(CUN1)
58,70 6/13
58,7 7/6,8
70.5 7/2/11,2
47 7/12,5
35,2 8,8/11,2
53 6,5/10,5
205,6 8/9,2

The assignment of the local symmetry of the central ion was made in
accordance with the literaturo data [7, 8]. (Fig. 3).

An octahedral symetrv (OJ with Jahn-Teller distortions usual for Cu(ll)
could be the source of the isotropie spectra. For nitrate containing compounds

(1) the hexacoordination is most
probable realised by a bidentate
coordination of the nitrato groups
(four sites) and the coordination of
the ligand through the sulfonamidic
groups (in accordance with the infra-
red data) (Structurel). ForCuXa(Lr)
(X = ClI, Br) the organic ligand is
coordinated via C=0 and — N =
groups (Structure 1) with the two
halogens in the axial position.

Either a tetra- or hexacoordi-
nation of the central ion can deter-
mine the presence ofthe ESR spectra
with axial symmetry. A tetracoor-
dination of Cu(ll) was assigned for
compound (7) (Structure 111). The
bridgingofthe chlorine in compound
(3) can fulfill the coordination num-
ber six (Structure 1V) accompained
by significant distorsion. The smallest
value of giromagnetic factor g, lower
than 2.03 [7, 8] can related to a
tetragonal distorsion ~ compressed
along the z axis, (compound 2).

Fig.

i. esr spectrum, of Cu(NO,),(Lr),.
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1?7ig. 2. ESR Spect-
rum of Cu(KO3),(E)r.

The structure of the compounds (8) and (9) can be represented by a
square-planar geometry with bidentate organic ligand and bridging halogens
(Structure V).

As a resuit of the distorsions present iu these molécules there are remar-
cable high différences between the values of lif and 1+ (Table 2.)

The values of AB calculated from the ESR spectra, listed in Table 2.
are in the range 35.2 Gss (compound 7) and 205.6 Gss (compound 9). The
high values of AB for the compound 9 suggest the presence of the magnetic
interaction between the paramagnetic centers, via the halogen monoatomic
bridges (Structure V). The AB values for nitrate complexes are lower than
for the halogen containing complexes (Table 2.), which can be related to the
lower degree of covalence in the first case.
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Fig. 3. Proposed structure of studied Compounds.

Experimental Part. Copper (I1) salts were commercial producta of analytical grade purity.
The sulfonamidobenzhydrazone ligands were synthesised according the literature data [9].

The syuthesis of the complexes have been performed in ethanolic solutions, using stoichio-
mctric ammounts of the apropriate Cu(ll) sait and ligand. The data concerning the Synthesis,
elemental analysis and some phvsical properties are summarised in Table 1. For the synthesis
of the complexes with the T<s ligand the ionisation of the —O—H group improuved the vyield, a
found previouslv for UO4(l) complexes [5]. Using the sanie ligand (L,s) a complex with molar
ratio 1 M: 2L (I<y in anionic form, with no nitrate ion present) was obtained at pH — 8 — 9
when Cu(XO,)d was the starting material, while CuX(Ls) type complexes were obtained for X =
— Cl. Br. This is in agreement with the coordination ability of the halogens compared to the
nitrate anion.

The elemental analysis (Table 1) were performed using Spacu method i10] for copper (1),
reaction with AgXO., for Chlorides and bromides and combustion (micro-I>umas) method for the
nitrogen.

Infrared spectra were recorded in KBr pellets with a Specord IR -75 Cari Zeiss Jena spec_
trophotometer and ESR spectra with a JRS—3B aparatus, on polycrystailine powders, at room.
température.
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STUDY OF THE FORMATION OF
HETEROPOLYMQLYBDOTUNQSTATES
OF DAWSON-TYPE WITH La(lll),
Ce(l11) AND Ce(lV) AS CENTRAL IONS

CRI1STINA RAT1U», MARIANA HI St ALEXANDRU ROTAR»

ABSTRACT. The lanthanide tobsCc(XIl), 1,a(l1l) andCe(1V) reaet quite easily with
unsaturated Dawson structure heteropolymolybdotungstates giving risc to hetero-
polycompounds of types ZI, and ZL,itwhere Z == Ce(l11), La(lll) and Ce(1V), and
L — PgMoWi.O,1»-. The conductometric, stectrophotometric and photocolori-
metric investigations, performed by using the method of molar ratios, have
pointed out that in all the three cases, heteropolycomplexes with two ratios
of metal: ligand combination, of 1:1 and 1:2 respectively, are formed.

Introduction. As a resuit of the dégradation with KHCOS of the hetero-
polycompounds of the type KeP2Wi8O62 with complete Dawson structure, the
sériés of lacunary heteropolycompounds of the type Ki0P2WI70ei with modified
Dawson structure [1, 2] have been obtained. The absence of a WO | group
from the structure of the lacunary heteropolyaninos confers them an *“unsatu-
rated* character which manifeste itself in a special affinitj’ towards the di- and
trivalent metal cations, with which ZX2WI70el(l° z>- are formed, where Zz! =
= the di- or trivalent metal cation as a secondary heteroatom and X — P(V),
As(V) as a primary heteroatom.

In these complexes, the ratio metal cation: heteropolyanion is 1:1.

Weakley and co-workers [3] previously reported that lanthanides and
actinides, together with the "unsaturated” heteropolyanions of Dawson type,
give rise to complexes with the ratio metal cation : heteropolyanion 1:2. In
these complexes, the unsaturated heteropolyanion functions as a tetradentate
ligand versus the secondary heteroatom Z with octahedral coordination capa-
city with eight oxygen atoms in a square antiprism.

More recently, R. Contant and co-workers [4] have extended the séries
of unsaturated heteropolyanions with Dawson structure to molybdotungstric
heteropolyanions of KjoPjMoWjgOgi type, which can be obtained from the
saturated sériés a-KeP2WJ8062 by reaction with Na2MoO4-2H?20 at an acidic pH.

The present paper has aimed at investigating the action of the heteropoly-
compound KI10P2MoW;j6Oei on some lanthanide cations (l,a(lll), Ce(lll) and
Ce(1V)), thus establishing both the stoichiometry of the compound formation
reactions and the chemical individuality of the sériés of the complexes formed.

¢ institute of Chemistry Clitj-Xapoca, Hotnutiift.
Enculty of Chemistry a-nd Chectftiatl Engineering, Unroersity *’Bmbes-Bolyai” CHttj'Nnjxx  Bontnnia.
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Experimental. The extinction of the mixtures formed from the colonrless solution of 1,aCl3 -
+ 711,0 with the concentration A1.Omol. L 4 and KI10P1IMoW,,Otl + 19HeO with the concentra-
tion 10 5mol. L_1, have been determined spectrophotometrically, in different mole ratios. The
measurements have been made on a Specord UV—VIS spectrophotometer by recording the ex-
tinction variations of the absorption band situated at 48 000 ¢m 1.

The extinctions of the vioiaceous-brownish solutions containing the mixtures of CeCl, * 7H,O
and KnPaMoWj.O,! + 19H,0 with the concentrations 5+ ¥0 *mol. £ 1 and 10~"mol. L*“* respecti-
vely. in different mole ratios, have been determined photocolorimetrically by using agreen filter,
whereas the extinctions of the yellow solutions containing mixtures of the solutions Ce(SO<j, *
1 4H30 and K1,P1IMoW,,0Ol,1 + 1911,0 with the concentrations S+ $0 mol. E 1 and 1O~ MmolL
respectively. in different niole ratios, have been determined photocolorimetrically, this time by
using a bine filter. A FEK—K—M photocolorimeter has been used.

An J1.T.C. 1100 conductometer (The Enterprises of Industrial Electronics and Automation,
Cluj-Napoca, Romania) has been used for measuring the conductivities of the mixtures formed
as a result of the reaction taking place between the solutions of CeCl, * 7H.O, 1.aCl4 1 7H,O and
Ce(SO4). + 4H,0 with the concentrations 10 !'mol + T, ¥ on one hand, with the ligand solution
KjjPjMoWijQ,, 1 19H.O with the concentration 10 smol * I, ¥ in different molar ratios, on the

other hand.
The I'V spectra, characteristic to the studied ligand and complexes have been effected on

solutions with concentrations 10 > mol 1 T, ¥ and the recordings have been performed on a UV—
VIS spectrophotometer.

llesults and Discussion. Provided the solutions containing La(lll), Ce(lll)
and Ce(lV) ions are added to solutions containing the molybdotungstic hetero-
polycompound, in different molar ratios, the following chemical reactions will
take place quite rapidly :

KI0P2MoWIleOdl + XaCla = KiLaP2MoWIleOei + 3KCl1.
K10P2MoWIleOel + CeCl3 = KiCeP2MoWiéO6l + 3KC1
KleP2MoW16001 + Ce(SO4)2 — K6Ce.P2MoWIeOel + 2K3SO4

respectively : ' '

2K10P2MoWIleOei +. LaClg = Kl7La(PaMoWIeO,,)2 + 3KC1. . .

2K10P2MoWIeOel + CeCI3 = KlI7Ce(P2MoWIleCQel)2 + 3KC1 ’
2K10P2MoW1b06L + Ce(SO4)2 = KleCe(P2MoWIleOelj2 + 2KaS04

In order to study the formation in solution of the. heteropolvmolybdo-
tungstates of the types ZL and ZL2, where Z = La(lll), Ce(lll) and Ce(IV)
and |, = P2MoWIeO6110~, conductometric, spectrophotometric and pliotocolori-
metric studies have been completed through the' agency of the method of
molar ratios. The spectrophotometric study.on the formation of La(llT)-L and
La(ll1)-L2 complexes, lias revealed changes in intensity of the adsorption band
at 48.000 cmy, shown in their absorption spectrum. The variation ot the extinc-
tions peculiar to Ce(lll)-L and Ce(l11)-L2 mixtures and also to Ce(IV)-L and
Ce(IV)-L2 mixtures has been pursued photocolorimetrically, by using a green
filter for the Ce(lll) vioiaceous-brownish heteropolycomplex and a blue filter
for the Ce(IV) yellow heteropolycomplex.

The extinction variation of the solutions containing mixtures of lantha-
nide-heteropglyligand ions in different molar ratios, is shown. in Fig.-. 1.



The curves drawn-up for
the Ce(lll) and Ce(lV) comp-
lexes consist of three segments
crossing one another at a point
corresponding to the two values
obtained for the molar ratios
métal cation :ligand 1: land !:
2. By examining the first and
the second portion of the cur-
ves, it becomes apparent that
the extinction increases propor-
tionally with the increase of the
concentration of the reaction
products ZL and ZL2 On the
third portion of the curves, the
increase of the extinction is slig-
htly less as a resuit of the ent-
rance of the lanthanide cation
outside the coordination cavity
of the heteropolvcomplexes.

As a resuit of the slight
curvature of the first inflexion
jwint corresponding to the molar

ratio metal cation : ligand of 1

1, a conductometric study has
been effected in order to esta-
blish and confirm the stoichio-
metry of the formation reactions
of the studied heteropolycomple-
xes also by using the molar ratio
method.

The solutions of the rea-
gents in different molar ratios
have been mixed up and then
their conductivities have been
measured.

The conductivity variation
depending on different molar
ratios has been presented then
in Fig. 2.

The conductometric curves,
like the extinction ones, de-
pending on the reagent molar
ratio also consist of three seg-

Fig. 1. Tbe curves of the extinction variation of the

mixtures formed from K,0PJMoWIleO,lan<l| La(lll) (curve

1), Ce(IH) (cutve 2) and Ce(lV) (curve 3) in different
molar ratios.

Fig. 2. The curves of the variation of the elec-
tric conductivity of the mixtures formed from
K18P2Mo/1Y,,0,! and La(lll) (curve 1), Ce(ITl) (curve
2) and Ce(lV) (curve 3) in different molar ratios.
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ments that intersect in two points corresponding to the molar ratios
metal cation: ligand of 1:1 and 1. 2.

The first segment of the curves exhibit a rapid increase of the conducti-
vity of the CI- and SO43~ions, present within the system. A similar remark
aplies to the second segment of the curves, which also shows an increase of
conductivity, coresponding to the formation of the second complex which is
completed with a release of Cl~ and SO42~ions. The third portion of the curve
shows a less abrupt slope and hence, a diminished increase of the conductivity
within the Systems, which is due to the formation of hard-soluble salts, obtal-
ned as a resuit of the lanthanide cation entrance outside the coordination cavi-
ties of the heteropolyanions.

The spectrophotometric, photocolorimetric curves, as well as the conducto-
metric titration curves prove that the équivalence point corresponding to the
ratio of metal cation : ligand combination 1: 1 is less outlined in contrast with
that one corresponding to the ratio of metal cation: ligand combination 1: 2.
This is currently explained, in structural ternis, by Weakley and co-workers
[3] on the basis of the octahedral coordination of the lanthanide ions by two
ligands P2MoW!IeOell0 , each of them contributing with four oxygen atoms
shared with four different octahedral groups WOe, with no participation of
the inner oxygen shared by the tetrahedral group PO4 at the coordination.

In the complexes with the molar ratio metal cation: ligand 1:1, the
lanthanide ion which is a rather big cation, being compelled to occupy the
lacunary hole of a single ligand, thus encountering a steric hindrance which
leads to the instability of the ZL compound and conséquent!}' facilitates the
formation of the ZL2 compound.

The chemical individuality of the newly-formed species has been put into
evidence by recording the UV spectra on solution, containing both the ligand
and the mixtures formed by lanthanide cation: ligand in a ratio of 1: 2.
These spectra are characterized by a prominent absorption band titrated at
48000 cm"1 for the ligand, due to the charge transfer from the terminal M=0O
groups, where M = Mo or W addendum atom. In the tail of these bands,
we can notice a wider absorption band within the range 34000 -40000 cm!
superimposed on the background and as such, concealing the two bands, spe-
cific to the compounds with unsaturated Dawson structure, at about 34000 cm-1
and 40000 cm-1 respectively. In the case of the anion P2MoW|00ell0~, this
band splits into two parts, occurring as two shoulders in the spectra of the
studied ligand and heteropolycomplexes, see Table 1.

The atténuation of the absorption band and the absence of an absorption
maximum within this range are due to the decrease of the symetrv of the
ligand L = P2MoW!IeOeill~, as well as to the occurrence of some distortions
in the polytungstic ediffice, as a resuit of the mixed addenda M which have
a s\t/(;;ng effect on the charge transfer in M—O—M bonds (where M = Mo
or W).

The compensation of the defect structurein the lacunary heteropolyanions
because of the complexation with lanthanide cations exerts a narrow influence
on the UV absorption spectra and consequently, the same shape for the
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Table 1

The eleetronie transition In the elentronle speetra oi I, and Zl.a, where
t - PjMoW;.O,/«- and Z  La(lll), Ce(lll) and Ce(IV)

Complex Absorption Band Assignment
cm 1
L 4800 charge-transfer M”™O terminal
42000 sh charge-transfer M—O—M
32200 sh
Ce(Ul)La 48400 charge-transfer M=0 terminal
43800 sh charge-transfer M—O—M
33800 sh
Ce(IV)la 48500 charge-transfer M O terminal
43900 sh charge-transfer M—O—M
33850 sh
La(lnL,, 48800 charge-transfer M=O terminal
44000 sh charge-transfer M—O—M
34000 sh

complex and the ligand, that is, with a weaker maximum and a shift of the
lacunary heteropolyanions within the complexes towards higher énergies, is for-
med out, owing to the involvment of the oxygen atoms, out of the polvanions,
in the lanthanide cation coordination, followed by a strengthening of the ter-
minal bonds M=O engaged in the charge transfer. Henceforth, the complexation
reaction brings about an increase in the symmetry of the heteropolynions and
a strengthening of the double bond M=0O, thus displacing the absorption
band from about 48000 cm-1 of the studied heteropolycomplexes towards
greater energies of the free heteropolyligand.

Conclusions. The stoichiometrv of the reaction of formation in solution
of the heteropolvcompounds of types ZL and ZL2 where Z = La(lll), Ce(lll)
and Ce(lV) and L = P2MoW!160ell0~ has been determined.

The results of the couductometric, spectrophotometric and colorimétrie
studies performed on the mixtures of the solutions of lanthanide cations and
heteropolymolybdotungstate P2MoWIleOell0~ with Dawson structure of the
1:1:16 sériés, point out the formation of heteropolycomplexes with the molar
ratios lanthanide cation: heteropolyanion 1: 1 and T:2, the latter being more
stable.

By means of the UV spectrophotometric studies developed on mixtures
of the solutions of lanthanide cations and the heteropolymolvbdotunstic anion
in a ratio of 1:2, evidence for the formation of some new species, probably
implying the octahedral coordination of the lanthanide ion to two ligands in
a square antiprism structure is reported.

7 — Chemia J—2/1993
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ON THE DIOXIMINE COMPLEXES OF TRANSITION METALS.
Part XCIIl. Spectrophotometric study on the formation of copper (I1)
chelates with some a-substituted alycyclic oximes

FERENC MAKKAY», CSABA WYARHELY!  JANOS ZSAKO and ZSUZSANNA
8ZASZ

ABSTRACT. The composition and in sonie cases the stability constants of
the Cu(ll)—chelates with several 1,2,3—cyclohexaue trione derivatives: 1,2,
3—cyclohexane trione dioxime (1,3), ... trioxime, 1,2,3—coclohexane trione
dioxime (1.3) semicarbazone (2), ... thiosemicarbazone (2) were determined
using the continuons variation (isomolar séries) and the molar ration methods.
The electronic spectra of these Cu(ll) conipounds were recorded and discussed.
Some derivatives were proposed for the spectrophotometric détermination of
this metal.

Introduction. Chugaev [1, 2] observed, that the copper (I1)—salts form
brown coloured solutions with dimethylglyoxime and some other aliphatic a-dio-
ximes. Unlike the sparingly soluble Ni, Pd and Pt chelates of the type
M (Diox.H)2, some analogous copper derivatives were isolated in a pure form
from aqueous alcoholic solutions only with sérious difficulties.

The x-ray measurements show a dimeric structure for the [C.u(Diox. H)2i]2
derivatives with pentacoordinated Cu central atoms [3, 4]. In solutions
the dimeric structure décomposés. Monomerie hexacoordinated specia:
[Cu (Diox. H)2 (H20)2), [Cu(Diox. H)2(H20)(OH)]-, Cu(Diox. H)2 (OH)2q2- .or
[Cu(OH)4]2_ are formed as function of the pH of the system. '

The interaction of the copper halides (CuClI2, CuBr2) with some aliphatic
dioximes in acetone leads to the formation of green coloured CuX2 Dioxime
type derivatives with only a single coordinated ligand molecule [5, 6]. Analo-
gous compounds with alycyclic dioximes. and with X = F, I, NCS, N3 wefe
not described in the literature. In the presence of water the mentioned green
coloured compounds décomposé and Cu: Diox. H2 = 1 : 2 chelates are formed.

In the present paper in a wide pH range the reaction of some C6 alycyclic
oxlilme derivatives with Cu(NO3)2 solutions was studied spectrophotometri-
callv.

Results and Discussion. We observed that the 1,2,3-cyclohexane trione di-
oxime (1, 3) obtained by isonitrozation of the cvclohexanone [7] can be easilv
Condensed with hydroxylamine, semicarbazide and thiosemicarbazide. All these
products give various colour reactions with Cu(ll) — salts as function of the
PH value of the solutions.

¢ Faculty of Chemistry Babes-Bolyai Cniuerity, Cfuj, Romania,
** Dcpt. of Nat. Sciences and Mathemalics, i ransilvanian Museum Association, Cluj, Romania.
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The electronic spectra of these coloured derivatives were rccorded in
éthanol (or in éthanol- diniéthvlsulphoxide : 3:1, in the case of very sparingly
soluble chelating agents). Molar ratio Cu2+ — chelating agent : 1:4, 1:5.

The spectral data, as conrpared to those of the dimethyl-glyoximine and
1,2-cyclohexane dione dioxiinine derivatives are presented in Table 1.

Electronic spectral data <>( somé Cit(l1)-a~siibstitiited ovimé derivatives

Chelating agent

diiiiethylglyoxime

1,2-cyclohexane dione dioxime
1,2,3-cyclohexane trione trioxinie

1,2,3-cvclohexane trione dioxime
13

1,2,3-cyclohexane trione dioxime
(1,3)-semicarbazone (2)

42 000
43 000

47 500

40 800
39 700

37 000

47 800

Origin of the absorption band

35 400
37 000
33 000
40 500
38 900
37 900

30 000

38 500

d « d -d
30 710 27 510
25 000

30 400 25 000
33 000 23 000

Table 1

21 000
17 000

18 000

The sjiectra of some derivatives of this type are shown in Fig. 1. and 2.

Fig. 1 Electronic spectra of the
Cu(11)-1,2,3-cyclohexane trione di-
oxime (1,3)-complex at varions pH-

Vaines.

F ig. 2. Electronic spectra of the
Cwu(11)-1,2,3-cyclollexane trione tri-
oxinie Systems at varions pli values.
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The electronic spectrum of Cu(DH)? studied in various solvents [8, 9] pré-
sents five bands witli some superpositions, splitted in the individual bands
using the corresponding mathematical methods.

At 42 and 35.4 kK appear two intraligand bands, corresponding to n -> i
transitions in the co-ordinated dimentliylglyoxime molecule. Three weak bands
can be observed at 30.7, 27.5 and 21.0 kK, which were assigned to d—d crystal
i'icld transitions (i.e. d(yz) — d(xy), d(x2 — y2) -» d(xy), and the latter dz2 ->

-» d(xy)).

(rf¥<)e)se bands can Ire observed also in the spectra of other a-dioximine
complexes of Cu(ll) ; e.g. Cu(Niox. H), etc.

In the case of the Cu2' — Triox. H? System (Triox. H3 — 1,2,3-Cyclohe-
xane trione trioxime) the UV bands are splitted. Presumably these bands corres-
pond also to - -» # transitions and the Splitting might be due to a more delo-
calized n — System as compared to the case of the a-dioximine derivatives
(e.g. Cu(Niox. H)2).

In the case of the Cu2+ — 1,2,3-cyclohéxane trione dioxime (1, 3) derivative
appears ouly a single band at 37 kK in acidic medium and at 30 kK in basic
solutions, respectively, indicating a protolvtic cquilibrium (this problem will
Ire the subjcct of a fortheomming paper).

Under analogous experimental conditions in the Cu2; — trione — dioxime
(1, 3) semicarbazone (2) and ... thiosemicarbazone (2) Systems ligand field tran-
sitions cannot be observed.

In the Cu2 i — 1,2-dioxime (1,2,3-trioxime) -Systems brown coloured com-
plexes are formed. Using the above mentioncd a-ketoxime, the serai- and
thiosemicarbazone derivatives as chelating agents for the reaction, green and
blue colorations appear. Generallv, the colour intensity increases with increasing
pH — value up to a lirait. At higher pH values (pH > 6—7) in some cases
amorphous, brown précipitates are separated.

At various acidic pH-values, for the Cu2r — ..trione dioxime (1,3) and
Cu2" — trioxime Systems the Job’s curves and the molar ratio ones are pre-
sented in Fig. 3—6.

The analogous représentations for sonie Cu?' ...-semicarbazone (2) and
Cu2' ...-thiosemicarbazone (2) Systems are shown in Fig. 7. and 8.

The optical density measurements prove that in ail the studied cases,
with exception of the Cul* — trioxime System, Cu24 :L = 1:2 complexes
are formed.

The continuons variation — and the molar ratio absorption curves ena-
bled us, in some cases, to determine the stability constants of the formed copper
chelates. The Cu2+ — trioxime Systems were not suitable for this purpose
because the very high stability of the complex.

The stability constant of CuU2 can be given as

K —
This constant was determined in the following way. Job’s curve was

recorded by using an isomolar sériés of solutions with a total concentration
[Cu]” -j- [1,]° = ¢ and by plotting the extinction E vs. the formal molar frac-
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Fig. 3. Job's curve for the Cu(NO3)rl.2,3-cycloliexane trione dioxime (1,3)
system. pH = 3.78.

F ig. 4. Job’s curve for the Cu(NOJt-1,2,3-cyclohexane trione trioxime System,
pH-- 181 (--------- ) spil — 2.56 (



Fig. 5. Molar ratio absorptions curve for the Cn(NO:)2-1,2,3-cyclohexane
trione dioxime (1,3) system, pH = 3.78.

Fig. 6. Molar ratio absorptions curve for tlie Cu(XO.)2-1,2.3-eyclohexane
trione trioxinie system. pH 1.81.
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I"ig. 7. Job’s curve for the Cu(XO,),-1,2,3- 1"ig. 8 Jobs curve for the Cu(NO3)3-1,2,3

-cyclohexane trione dioxime (I,3)-semicarba- -cyclohexane trione dioxime (l,3)-thiosemicar-
zone (2) System, pH 2.56, bazoae (2) System, pH — 2.56.
tion of Cu: XCl = -Cu—- . By constructing the tangency of the curve corres-

C
ponding to the beginning and to the end of the curve, respectively, the two
straight lines intersected each other at XCu — 0.33, as shown in Fig. 9, indi-
cating for the complex obtained the molar ratio Cu: L = 1:2.
One may présumé the ordinate value of the intersection to correspond to the
extinction of a solution in which [CulLa] = 0.33 ¢, since this extinction would
be observed if Cu were completele transformed into Cul/2. On the basis of

Fig. 9. Determination of the stabilité constant of the Cns 1-1,2,3-cyclohexane
trione dioxime (l,3}thioseiuicaibazone (2) complexes from the Job’s curve.
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this hypothesis the actual concentration [CulL2| may lie calculated from the
experimental F value. The concentration of the free reagents are obtained as

[Cu] = [Cul" — [CuL2]
[L] = [L]° - 2[CuL2]

Thus, a stability constant value can be derived from each experimental
E value. These calculations could be performed with the 1,2,3-. . .trione dioxime
(2) and the ... thiosemicarbazone (2) derivatives. In the region 0.2 X <05
the K values calculated showed a svstematic increase with increasing X, but
it did not exceed = 50% of the mean value.

The following mean stability constant values were obtained :

L — 1,2,3, — cyclohcxane trione dioxime (1,3)

K — 6.6 x 106
L = 1,2,3-cyclohexane trione dioxime(l,3) thiosemicarbazone (2)
K =28 x 107

(Concentrations were given in mole/l units.)

On the structure of the Cu -oxime complexes. As known, the Cu(Diox.H)?
— groupings in weak acidic or neutral aqueous solutions héve a square planar
structure stabilized by two strong intramolecular hydrogen bondings (O—H...0),
similar to the analogous Ni and Pb derivatives (Diox. H2— aliphatic, aromatic
or alycyclic dioximes) (. Fig. 10).

In the case of the 1,2,3-cyclohexane trione — oxime derivatives the situa-
tion is more complicated. The third functional group, especially the free oxime
can be co-ordinated to a second copper atom, forming a dimeric or trimeric
derivative. The turbidity or in some cases amorphous precipitate, observed
especially in basic media, proves the formation of a polymeric product.

One can présumé that the . .trione dioxime (1,3) forms pentaatomic hete-
rocycles (I1). The ..semicarbazone (2) and ... thiosemicarbazone (2) derivatives
can co-ordinate to the Cu(ll) as tridentate ligands (Ill. Fig. 10).

Analytical applications. The brown coloured solutions of the Cu2+ — trio-

xime Systems obey the Lambert Beer's law in weak acidic media (pH =
= 1.81 — 4.0) in a concentration
range of 0.5 — 10 x 10~4 mole/1.
Some déviations from the linea-
rity appear in the case of the
other .. trione dioxime (1,3)
derivatives. (Fig. 11.)

The stability of the colour
in time is the best in the case
of the Cu2+ — trioxime system

. i _  Fig. 10. Chelate rings in the Cu(ll)-nyoxime (I),
(12 24, hOUI‘S). This phenome Cu(ll)-. .. trione dioxime (1,3)(11) and Cu(H)-trione
non presents an advantage for dioxime (1,3) thiosemicarbazone (2) (111) complexes.
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the trioxime in using it for
analytical purposes. The Ni and
Pd precipitate with trioxime in

a well defined pH-range. The
alkaline-, alkaline earth- and
rare earth metals do not present
interfering effect. The interfé-
rence of Co, Fe and of. the
platinum metals was not exa-
niined up to now.

Experimental. Heapenls. 1,2,3-

b'ig. 11. Validity of the Lambert—Beer s law : . h Lo A

I. Cu”Mrioxime System; Il. Cus+-nyoxime System; cycloliexane Frlone d".)X'me (1.3; was
I11. Cu3+-trione dioxime (1,3)-System ; IV. Cu2+-trione U.SEd as starting mate_rlal for the synthe-
dioxime (lI,3)-thiosemicarbazone (2) System sis of the condensation products with

! ’ hvdroxylamiue, semicarbazide and thio-

semicarbazide.
This a-ketoxime is formed by isonitrozation of cyclohexanone with gaseons ethyi-nitrite
iu alcoholic solution in the presence oh hydrochloric a<id. :9, 10].

Electronic spectra wrere recorded in aqueous buffered solutions or in a mixture
of water-dimethylsulphoxide-ethanol, respectively, in the case of in water
sparingly soluble reagents, using a Specord recording spectrophotometer (Jena,
Germany).

( Th;e colorimétrie measurements were made with a FEK -Colorimeter
USSR).

The isomolar solutions and the samples for the molar ratio measurements
were prepared from 10~2 mole/l Cu(NO3)2 and 10-2 mole/l oxime and 5—5 ml
Britton-Robinson buffer solutions in 50 ml volume.
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Alycyelic a-substituted oximes as chelating agents for the détermination of
cobalt
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ABSTRACT. The formation of cobalt(ll)-chelates with 1,2,3-cyclohexanc trione
dioxime (1,3) and with its condensation products (partner: hydroxylamir.e
semicarbaz.ide, thiosemicarbazide) was studied spectrophotometrically using the
continuons variation method and the molar-ratio method," respectively, The
electronic spectra of these complexes were recorded and discussed. Some diri-
vatives of this type were proposed for the analytical détermination of the cobalt.

Introduction. The colour reaction of the cobalt (Il)-saits in the presence
of some aliphatic a-dioximes was. observed even at the beginning of the Century
by Chugaev and al..[1, 2].

The complexés can be stabilized in aqueous solutions in the absence of
oxigen,; ensuring favourable conditions for-this purpose by deaeration with
nitrogen, methane,argon or by addition of reducing agents. The cobalt(l1)
derivatives in agueous media oxid-ize with the time, generally quickly, in func-
tion of the nature of the oxidizihg agent (02, H202, free halogens etc.) and the
anionic or neutral ligands present in the solution. Some nucleophilic monodentate
anions (e.g. NCS~, NCSe~, N3~,-1~) stabilize the Co(ll) form in some extent
[3, 4]. .

The Co(lll) mixed chélates formed by oxidation” are very stable and cah
be used for various ligand exchange kinetic and preparative studies [5—Si].

The formation of the Co(ll)-chelates with some aliphatic and heterocyclic
a-dioximes [9—12] and alycyelic mixed oxime-thiosemicarbazones obtained
from alkyl-cyclopentane dione and dimedone [5, 5-dimethyl-cyclohexane dione
(1,3)] were examiued [13—186].

I In continuation of our phvsico-Chemical investigations [17—21] on the
formation of transition metal complexes with a-substituted oximes in this paper
the formation conditions of the cobalt(ll)-complexes with 1,2, 3-cyclohcxane
trione dioxime (1, 3) and its condensation products with hydroxylamine, semi-
carbazide and thiosemicarbazide was studied sjxctrophotometrically.

Results and Discussion. Our preliminary tests show that the aliphatic
a-ketoximcs, e.g. diacetymonoxime and methyl-isopropyl-2, 3-dione mono-
xime (2) form yellow, soluble complexes with cobalt (11)-salts at higher pH-values

¢ Faottlly of Chemistry, Babes-Bolyai University, Cluj-Xapoca, Romania.
+¢ Dept. of Nat. Sciences and Mathématies, Transylvanian Museum Associalion, Clttj-Napoca, Romania’
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(pH = 8). In acidic media tliis phenomenon cannot be observed. Using 1,2, 3-cy-
clohexane trione dioxime (1,3) and its condensation products with above men-
tioned partners, the colour reaction is more significant and appears also in
slightly acidic media (pH~ 3.5—4.0). The alcyclic monoximes with Ci, ... C8
are not suitable for this purpose.

The electronic spectra of the coloured complexes were recorded in diluted
éthanol (in the case of the Co(ll)-I, 2, 3,-cyclohexane trione dioxime (1, 3) semi-
carbazone (2) in ethanol-dimethylsulphoxide mixture (1:3)) in the presence
of NaaSOs or hydroxylamine as reducing agents. The spectral data, as compared
with those of the Co(ll)-1, 2-cyclohexane dione dioxime (1, 2-cvcloheptane dione
dioxime) Systems are presented in Table 1.

Table /

Eleetronle spectral data ot some oobalt(ll)-x-<ub4UIntod oxime derivative (In cm h

Origin of the absorption band

Chelating agent d—d T d—d
acid medium basic medium

1,2-cyclohexane dione dioxime 28 000 47 000 28 000 48 000
41 000 32 000 40 000

1,2-cycloheptanc dione dioxime 28 000 47 000 28 000 48 000
41000 32000 40 000

1.2,3-cyclohexane trione trioxime 26 000 38 000 33 000 38 800
47 200 47 900

1,2,3-cyeiohexanc trione-dloxi- 36 700 24 000 33 500
me (I,3)-thiosemicarbezone (2) 48 000 26 500 37 200
48 000

1,2.3-cyclohexane trione dioxime 37 000 26 000 34 000
(1,3)-semlc<irbazone (2) ? 48 000 38 000
48 000

The electronic spectra of some Co(ll)-oxime chelates are shown in Figs.l—3.

As seen from the spectral data, the position and in some cases also the
number of the absorption band3 show diffeiences in acidic and in basic media,
resppetively. This phenomenon is in agreement with the existence of protolytie
equilibria in the studied Systems. For the clarification of this problem further
spectrophotometric and potentiometric measurements are required.

It is worth to mention that the electronic spectra of the [Co(Diox. H)2XY]
type complexes (Diox.H — deprotonated a-dioxime) show generally 3—4 bands
at 300—375 nm (A) and 340—400 nm (B) and a weak band in the visible
region. The B band can be attributed to a charge transfer X, Y * Co (X, Y
aniouic or neutral monodentate ligands). The A band corresponds to a charge
transfer Co -» dioxime. The ligand field parameters of these Co(lll)-chelates
were calculated using the Co(Diox.H)3 nonelectrolyte as ,,parent compound”
for this purpose [22, 23].
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F ig. 1. Electronic spectra of the Co(ir)-1.2-Cyclolicptane dione
dioxime complex in Britton —Robinson buffer solutions.

Fig. 2. Electronic spectra of the Co(ll)-1,2,3-Cyclohexane
trione dioxime (l,3)-thiosemicarbazone (2) complex in Britton—
— Robinson buffer solutions.
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Fig. 3. ITlectronic spectra of the Co(ll)-1.2,3-Cyclohexane trione
trioxime complex in Britton —Robinson buffer solutions.

The composition of the Co(I1)-1,2,3-cyclohexane trione derivative complexes
was determined by means of the continuons variation and the molar-ratio
methods. The Job’s curves are presented in Figs. 4—5.

Fig- J°b’s curves of the Co(ll)-1,2,3-Cyclohexane trione dioxime
(1.3) semicarbazone (2) Systems at varions pH-values.
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Fig. 5. Job's curves of the Co(ll)-1,2,3-Cyclohexane trione tri-
oxime Systems at various pH-values

As seen, at lower pH-values Co:L = 1:2 complexes are formed with
tyzrhexane trione dioxime (1,3) semicarbazone (2) and 1,2,3-cyclohexane
trione dioxime (1,3) thiosemicarbazone (2) ligands. The basic media favourize
the formation of Co: T = 1.1 complexes (Fig. 4). The molar ratio curves for
these Systems are in agreement with this observation (Fig. 6.

An analogeous représentation for the Co(ll)-trione d|0X|me (1,3) system
pleads also for Co: L — 1:2 composition in acidic medla and for Co: L = 1:1
in basic ones respectively. § i

For the Co(ll)-trioxime system in a wide pH range only & Co: L =1 :1
ratio was observed (Fig. 5).

The shape of the continuons variation and molar ratio curves do not enable
us to determine the stability constants of the Co(ll)-chelates.

On the structure of the Co(ll)-oxime complexes. The a-dioximes form
[Co(Diox.H)2X2] type complexes with Co: Diox.H =1:2 ratio, where the
Co(Diox.H)2 grouping have a square planar structure stabilized by two strong
intramolecular hydrogen bridges (O—H. ..0), similarly with the M(Diox.H)2
derivatives (M = Ni, Pd, Pt). The axial X ligands influence the stability of
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Fig. 6. Molar-ratio curves of the Co(ll)-1,2,3-Cycloliexane trione dioxime
(1,3)-semicarbazon.e (2) Systems at various pH-values.

these compounds (X = solvent molecule, amine, phosphine). In the case of the
tyz@hexane trione dioxime (1,3) and its condensation products the struc-
ture of the cobalt complexes is more complicated. The third functional group,
especially the free oxime, promdtes the formation of di- or polymeric structures
in function of the pH value of the medium. One can présumé, that the 1,2,3-cyclo-
hexane trione dioxime (1,3) forms pentaatomic heterocycles. The 1,2,3-cyclo-
hexane trione dioxime (1,3) semicarbazone (2) and ... thiosemicarbazone (2)
act as tridentate ligands in the above mentioned complexation reaction [24i].

Analytical applications. The 1,2,3-cyclohexane trione derivatives studied
are middle sensitive reagents for the analytical détection of cobalt(ll).

Reagent : Détection limits :
acidic medium basic medium
pH = 3-4 pH = 8-9
tyzhexane trione-dioxime (1,3) 10 ppm 8 ppm
trioxime 8 ppm 6 ppm
dioxime (1,3) semicarbazone (2) 5 ppm 6 ppm

7 dioxime(1,3) thiosemicarb.(2) 3 ppm 2 ppm



D1OXIMINE COMPLEXES OF TRANSITION METALS 113

The yellow-brown solutions of the Co(ll)-oxime Systems obey the Beer’s
law in weak acidic and weak basic media in a concentration range of 0.5—10 X
X 10 * mole/L. Some déviations from the linearity appear in the case of the
Co(Il)-1,2,3-cyclohexane trione dioxime (1,3) semicarbazone (2) derivative.

The spectrophotometric measurements were made in the presence of Na2SO3
or NH20H for the élimination of the interférence of the oxygen. The stability
of the colour in time is the best in the case of trione dioxime (1,3) and trione

trioxime.
The Cu(ll) and Fe(ll) interfére the spectrophotometric détermination of

cobalt(l1). The other 3 d transition metals, the alkali and alkaline earth metals
do not influence this analytical procedure.

Experimental. The synthesis of the chelating agents was describcd in an earlier paper [24].
Electronic spectra were rccorded in aqueous buffered solutions or in a mixture of water-dime-

thylsulphoxide-ethanol (1:3: 1), respectively, in the case of in water sparingly soluble reagents,

in the presence of an excess of Na»SO3, using a SPECORD recording spectrophotonieter (Cari Zeiss

Jena, Germany).
The analytical measurements were made with a coloriineter-nefelometer photoelectric FEK-

-56M-U4.2 (URSS).

The samples tor the spectrophotometric measurements were prepared from 10 r mole/L Co(NO3)3
and 10 amole/L oxime and S—5 ml Britton—Robinson buffer solution in the presence of 1 ml 2%
Na,SO3 or NHjOH-HCI (Volume: 50ml).
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PREPARATION AND CHARACTERIZATION OF SOME NEW
NITROFURANHYDRAZOMETHINES

FLORIAN 3UGRESTAN VASILE MICLAI 8 .UOMCA TOSA  GABRIELA
EIM’&N  DANIELA HOMORODEAN

ABSTRACT : Some new nitrofuranhydraz.omethincs have been prepared from
hydTazides generated through the réaction of saccharin's derivatives with hy-
drazine hydrate.® The structures of the compounds were confirmed by NMR
IR.UV-VIS spectroscopy. Biologica! tests have pointed out an antibacterial
activity.

Introduction. The biological activity of 5-nitro-2-furaldehyde as azomethines
is well known and now these compounds are on large scale comercially available.
The-sulfonamides are biologically'active too, representing a group of succesfully
employed chemotherapeutics [!m].m

The structures of 5-nitro-2-furyl-h'ydrazomethines serieS prepared by us
contain in their molecule the biologically active sulfonamide group and also
the nitrofuryl moitey, wich are expected to give interesting biological properties.
In this scope we Condensed 5-nitro-2-furaldehyde with a séries of hydrazides
derived from ..saccharine.. . L.

Results and Discussion. In the literator« [2, 3] saccharine giv.es with hydrazine
hydrate a salt in the first stage and then it suffers a reaction of Splitting of the
heterocyclic .ring ilito compounds lla

This behaviour was
confirmed in our work.

The action of Hydra-

(o]

zine hydrate on N-alcoxy- ;.étCC:j-COOE'H,C .

a.ETCHj-coocHjCrfj
c_arbonyl -methylen-saccha— « RICMCOOCMICH"
rines Ic_e wasn't studied ~— _ Cont-mu” |
yet. In the molecule of this Fig. 1. Scheme 1

substance there are two car-

bonyl groups accesibile to the nucleophilic attack. This différence of reactivity bet-

ween the two sites (exocyclic and endocyclic) can be used in laboratory syntheses.
In our first attempt the molar ratio was Ic e : N2H4 + H20 =1:1. The

major products were the monohydrazides Ilc-e> with small amounts of dihy-

drazide 11Z. The elemental and chromatographie analyses pointed out the same

results, even if we have used an excess of esthers Ic_c-

¢+ Medical Entreprise ” Terapia”, 3400 Cluj-Napoca, Romania.
*= Babes-Bolyai” Universily, Deprtment of Technologycal Chemistry, 3400, Cluj-Napoca, = Romania.
”Leon Daniella’ Fiziological Clinic 3400 Clu-Napoca, Romania.
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In order to find out in wliat measure the différence of reactivitj- is due to
the fact that one of the carbonyl group is engaged in a cyclic sistem, weopcned
the ring of compounds Ic e with alcoxides into the structures VIIC C

R’ OKIq

R'OH.

Yig. 2. Scheme 2.

Patek M. and Hampe F. [4], Schapira C.& Co. [5] showed that with molar
ratio Ic ¢ : R'ONa --1:1 have been obtained the structures Vllc e, while in
the condition of a molar ratio ! : 2 the reaction lead to the corresponding structure
.

a»
Fig, 3. Scheme 3.

During the reproduction of Czech researchers experiments we realized
that in anhidrous conditions and 70°C, the catalytic amount of alcoxyde déter-
mines the cantitative changes of compounds Ic_e into derivatives VII<; e

The estheric Structures VIIC e were treated with hvdrazine hydrate and the
same monohydrazide derivatives Ile.¢ were obtained with dihydrazide, [1If
as impurity.

The différence of behaviour to hydrazinolyze of compounds Ic e towards
VIIC | would be the subject of a cantitative study in the ncar future.

Hydrazides I'Vab were prepared through the reaction of esther compounds
Ilia,!, which were obtained in the Dieckman reaction from le in the condition
exhibited by Svoboda J. and Palacek J. [6].

During the reaction of Hydrazides Ila_f with 5-nitro-2 furanldehyde resulted
the structures Va.f and VIIij.
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The structures of the
newly synthesized compounds
were confirmed by elemental
and spectral analyses (Table
1). The characteristic spectral
data are given inTable 2.

Without the aim of a
detalied analyse of recorded
spectra, we emphasize some
observations.

1- ig; 4. Scheme 4.
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In ail cases the characteristics of absorbtion bands have shown that they
are generated by electronic transitions of a conjugated System wich involve
compulsory the furan ring. At the structures Vlah we found an unexpected dif-
férence of about 55 nm between the position of the highest wavelength band,
probably due to the absence of the tautomeric sulphonamidic interactions which

disappeared after méthylation.

Compound

1J
TIi
ni

1f
ivi

Vb

Vil,

llydrazildes and Mtroluranhydrazamethlaes

Molecular formula

c,h,,Nn,obs
CjfHjgNgOtS
CiiHjjNgOIiS
CitHiTNgOgS
C.Eh.NgO.S
C,H,N,04s
C»«HNhNjO4S
ClsHieNtO,S
CiaHigNfOfs

C14HI4N4O,S
CI7Ht,N40O,S
C,HI1sN604S
C,H,N304s

CI5HI2N,O,S

new compound

- for ILa_c. rclattng to la..c: for IIf reiating to Ic; for 1va

Vla j,, relatiug to IVa R.

Molecular
weight

201.21
215.21

287.19
301.32
315.35

289.29
285.52
269.28
338.32
352.32
410.36
424.39
438.41
287.29
255.25

292.11

Melting

point

187—89
147-48
66-68
62-64

158-59
187-89
189-90
197-98
216-17
152-54
191-93
112-14
218-20d
243—45d

267—68d

Yield

76
78
90
81
83

87
80
75
94
96
95
95
95
90
94

92

Table |
Analysis Vo
Calcd. Fénnel
28.08 27.98
18.23 18.70
14.63 14.72
13.94 14.09
13.32 13.13
24.37 24.46
16.46 16.61
15.60 15.12
16.35 16.43
15.90 15.73
13.65 13.79
13.20 13.61
12.78 12.96
24.37 24.46
15.02 14.81
14.28 14.50

relattng ti> re; for Va rclating to 11, F fur
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T 2
SPECrRAI. DATA OF NITROFURAMU RRAZOMETHIXES
Coni UV-VIS spectra IR-spectral bands ‘H-NMR, values
pound max (nm) r (cm ) (ppm)
Va 368 19311 3260, 3120, 1660, 1550, 1480, 7.8(4H,m) ; 6.9(2H,d) ; 9.75(211) ;
1400, 1360, 1250, 1170, 1020, 9.5(all) ; 9.41H)
970
vb 368 18978 3450, 3220, 1650, 1550, 1360, 3.9(3H.s) ; 7(2H,D) ; 7.7(4H,m) ;
1290, 1250, 1160, 960 9.7(1H) ; 9.4(1H) ; 9.0(IH)
Ve 370 20076 3236, 3016, 1764, 1532, 1482; 3.6(3H,s); 4(2H,s) ; 7.1(2H,d);
1342, 1228, 1164, 1016, 966 7.8(4H.m); 9.1(1H); 9.75(1H) ;
10.5(11!)
vd 370 19387 3280, 3020, 1730, 1674, 1530, 22(3H,t); 2.72H.q); 4(2H.S;
1480, 1250, 1160, 1025, 970 7.2(2H.d) ; 7(4H,m) ; 9(1H);
9.5(1H); 9.9(1H)
Ve 370 14396 3242, 3016, 1736, 1674, 1528,. 0.98(6H,d) ; 3.8(2H,s) ; 4.9(IH,ni) ;
1480, 1420, 1246, 1164, 1104, 7.1(2H.d); 7.6(41l,m) ; 9.1(1H);
1016, 964 9.5(1H) ; 9.9(1H)
\Yi 385 14776 3100, 1730, 1674, 1530, 1480, 4(2H,s) ; 7(4H,d) ; 7.7(4H,m) ;
1440, 1360, 1250, 1170, 1020, 9(IH) : 9.5(11!); 10.1(IH)
970
Vla 385 16421 .3324, 31.16, 1658, 1476, 1374, 8(4H,m); 7.32H,d) ; 9(11Y)
1202, 1098, 1060, 924 9.4(1H) ; 9.9(1H)
Vib 440 9955 3260, 3120, 1660, 1550, 1480, 3(3H,s) ; 7.2(2H,d) ; 8(4H,ra) ;
1375, 1270, 1220, 1190, 1180, 9.2(1H) ; 9.7(1H)
1160, 980

In the course of the antibacterial biologie screening the. synthetised com-
pounds exhibited interesting properties that will be the subject of a separate
communication.

Experimental. Infrared spectra were recorded on a *""Perkin Elmer ” spectrophotometer instru-
ment using the KBr techniques. UV-VIS spectra were measured on a Sjxcord M40 (Cari Zeiss,
Jena). 'II.NMR spectra were taken on a Tesla BS 487 C (80 MH:) using tetramethylsJan as in-
ternai standard and CF3—COOH as solvent. The nieltiHg points are detennii el in capilcries and
are uncorrected. Thin layer chromatography was perforjned on precoated Silica gel 6017r., plates
(5%10 cm, 0.25 mm layer of silica gel) irébm Merek (Darmstadt, Germanv).

1. Esthers fc—e were prepared according to [7, 8].

2. Shucutres I'Hc—c' A solution of 0.1g of sodium in 100 ml methanol was suceessively
treated with 0.1 mole of compound le-e- The mixture was heated to 80'C for 20 minutes. It was
coolcd and poured in 50 ml water. The separated produet was filtered, washed with water and.
dried.

3. Esthers 111/lb were prepared according to [4].
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J. MoHohydratidcs 11a,%". To 0.1 mol Saccharin (or 2-methylsaccharin) solved in 50 ml benzene
0.15 ois of hydrazinc hydrate (97%) were added. The water was removed under reflux as azeo-
tropic mixture. After the mixture was cooled, 20 ml of watet was added. The solid was filtered,
washed witli water and recrystalized front methanol.

5. Structures /km c: A suspension of Ic e in 50 ml lienzene at 0°C was treated with O.linol
hydrazinc hydrate (97%). The reaction was perfected 30 minutes at 10°C and then 30 minutes
at 25°C. The solid formed was fltered and suspended in NaHCO, (soin. 20%). The unsolved pro-
ducts weie filtered off. The filtrate was treated with acetic acid. All the hydrazides llc_e were
mpurified with 11 . The recrystalization in usual solvents doesn't lead any results. The reaction
mixture was cromatograplied on Silicagel with benzene: methyl-ethylcetonc = 3: 1 afforded pure
He c

6. Dihydrazides Il : 0.1 mol llc-e in 50 ml benzene and 0.25 mois hydrazine hydrate (97%
were heated under reflux removing the alcohol and water. The solid formed was filtered off and
crystallized from methanol.

7. Hydrazides /I1'al>: 0.25 mois Mlab. 100 ml benzene and 0.75 mois hydrazine hydrate was
K '‘pt under reflux for 2 h with azeotroplc remove of water and alcohol. After cooling, the preci-
pitate was filtered. The solid obtained was solved in water, purified with charcoal and precipi-
tated with acetic acid.

8. Structures l'a-e and I-'/ab: 0.11 mois of 5-nitro-2-furaldchyde in 15 ml methanol and 0.1 mol
Ifa-e or IVab (0.05 mois of 1If) in 50 ml methanol gave after 50 minutes at 50°C expected nitro-
furanhydrazomethines. The yellow solid was recrystallized from dimethylformamide.

AcknowledBement : The authors are grateful to Mr. Prof. Dr. Vaier Farcasan for his per-
manent assistance in the ach'evment of this work. Our thauks to Mr. Nicolae Lungu and Mrs.
Adriana Matei for their recorded spectra.
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NEW BIS-I y-1,-GLUTAMYL)-DIAMIDE DERIVATIVES. PART II.

I0AX €RISTEA and CARMEN BATIV»

ABSTRACT : New bis-("--li-glutaniyl)-dtamide.s la-d were obtained by regio-
selective acylation of some aromatic dtamines 3a-d, using N-phthalyl-L-glutamic

anhydride followed by hydrazinolysis of protecting group with hydrazine hy-
drate.

y-L-Glutamyl-amides are important compounds with various applications
in clinical diagnosis for détection of enzymes [1, 5], or compounds with biolo-
gical activity[6], Some y-L-glutamyl amides as glutamine transport inhibitors
are used for the treatment and diagnosis of cancer [7].

In our last paper [8], we have prepared some new Yy-L-glutamyl-amides
which can be used in clinical diagnosis of y GT. Diagnosis of some diseases
of the pancreas is based on the détermination of enzymatic activity of the y-
glutamyl-transpeptidaze (yGT).

Results and Discussion. In this view, we have extended our studies in
synthesis of some bis-(y-I,-glutamyl)-diamides la-d.

This dass of diamides has not vet been reported in literature.

The compounds la-d were prepared, starting from phthalyl-I,- glutamic
anhydride 2 by a regioselective acylation of some aromatic diamines 3a-d, fol-
lowed by hydrolysis of phthalyl group with hydrazine hydrate.

IC X x=ch,

1d:x=0

An interesting comparison can be made between phthalyl-ly-glutamic anhy-
dride and carbobenzoxy-E-glutamic anhydride ; the first one reacts with amines
to give only y-L-glutamyl-amides by a high regio-selective reaction, while the

Departament of Chemistry, ’B—B’ Univ. Str. Arany lemos 11, 3400 Cluj-Napoca, Romana.
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second gives a mixture of a — and y-glutamyl-amides regioisomers. Phtalyl-
L-glutamic anhydride 2 obtained by King and Kidd’s method [9], can be used
extensively for préparation of y-Vglutamyl-amides in very high optical purity,
duc a preferential fission of the y-carbonyl-to-oxygen bond. More details for
this regioselective synthesis are given in auother our paper [8].

la-d

Fig. 2. Scheme 1. i: solvent CHCJ3, 60°C ; ii: (H2N)2H3O, solvent MeOH, 65°C; R = phenyl,
diphenyl, diphenylmethane, diphenylether, substituted in 4, 4' position.

The reaction of acylation was studied in different solvents and basic cata-
lysis, with p-phenylenediamine 3a as substrat. Thus 2 equiv. of 2 and 1 equiv.
of 3a were reacted in Chloroform or THF, under mild conditions (60°C) with
EtN or pyrrolidine as bases, to give the N-protected bis-(-'-L-glutamyl)-diamide
la. The best yields were obtained in ail cases, using Chloroform as solvent and
Et3N as catalyst.

Table |
Acylation of some aromatic diamines 3a—d wiltli phthalyl-1.-ylutainlc
anhydride 2.

Starting materials . o Produet

Ratio (2:3a—d) Solvent Catalyst Yield % m.p. °C
2equiv. : lequiv.(3a) CHC1, .= 70 220
2equiv. : lequiv.(3a) CHC13 EtsN 80
2equiv. : lequiv.(3a) CHcl3 Pyrrolidine 75
2equiv. : lequiv.(3a) THF EtN 72
2equiv. : lequiv.(3b) CHC13 Et3N 80 182
2equiv. : lequiv.(3c) CHC1, EtIN 93 170
2equiv. : lequiv.(3d) CHC13 Et3N 90 162

 isolation of the produet

Our investigations on the crude maerial by TLC (eluent ; 2-propanol . AcOH :
H20; 10:4:1) have shown that only one compound was obtained by acylation,
with a little unreacted strating material.
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No y-monoamide was detected. These intermediates isolated without puri-
fication ,were further convertedto la-d by hydrazinolysis of the protected group.
This reaction was performed in boiling niethanol, foi 1—2h, using hydrazine
hydrate 100%.

These diamides la-d are insoluble in many organic solvents.

For purification the compounds were dissolved in basic medium (NaCO3
IM, NaHCO3 IM) and then precipitated with 0.5N HCI at pH — 6,5.

This proceeding was repeated two timc-s and then the purity was checked
by TLC. The frce diamides la-d obtained by this method were characterized
by elemental analysis and IR spectra. The '"H-NMR spectra were not recorded
due a very low solubility of these compounds in usual solvents.

The IR spectra shown the strong streching bands at 3380 cm*“l (NH2),
3050 cm*“! (NH3+), 1680 cm*l (COOH), 1420 cm“l (COO~) and 1610 cm*“l (amidé)
The IR absorbtion bands at 3050 cm*“l and 1410 cm®l are very characteristic
for the amphionic structure of the amino acids.

Exeprlinental. The m.p. were determined in capillaries and are uncorrected. IR spectra were
recorded in KBr pellcts using a Kari Zeiss Jena T'R—20 speetrophotometer. TLC was performed
with Merek Kiselgel 60 F 254.

General proeedure for the préparation of his-(\-phthalyl-v-l.-(liitamyl)-dlamide.s. To a mixture
of N-phthalvl-L-glutamic anhydride 2 (20 nunol) and aromatic diamines 3a-d (10 mmol) in 30 ml
Chloroform, Rt.,N or pyrrolidine (Iml) was added. After being stirred at 60°C for 1-2h, the ré-
action mixture was filtered, washed with Chloroform and diethyiether and dried. The precipitate
was suspended in 15 ml HCI 0.5 N, stirred 5 min, filtered, washed with water aud dried to give
a pure product (TLC, eluent; 2-propanol: AcOH : HSO ; 8:3:2).

General procedure for the préparation of bls-L'-L-iilutamylpdlaniides la—d. la—d. A suspension of
bis-(X-phthalyl-L-glutamyl)-diamide (6 mmol) in 35 ml MeOH was treated with 2.8 ml hydrazine
hydrate 100%, the mixture was refluxed under stirring for 2 h and set aside at room température
overnight. The precipitate was filtered and well washed with acetone and ether. The dried material
was suspended in 30 ml HCI I N, filtered after 10 min from phthalhydrazide, and aqueous layer
was adjusted to pH — 6 — 6,5 with Na,CO,, 1 M and thi solid filtered. For purification the pre-
cipitate was dissolved in 20 ml XaXO,, 1 M, lg charcoal was added under stirring, the suspention
filtered after 5 min and the pure product La -d was precipitated from aqueous solution with HCI

2 X at pH - 6.

0 Th? puritv was checkcd by TLC using as eluent 2-propanol . AcOH: H20
10: 4 1

Bis-'(-L-gluta»ivl) -p-phenilencdiamide 1«. m. p. 226°C; vield 67% ; v cm“l:
3340s, 3030s, 1675s, 1620s, 1420s. Anal for Cl16H220eN4: C, H, N calcd. 52.45,
601, 15.3; found 51.6, 5.9, 15.

Bis-';-L-glutamvl)-A,A-diphenvidiamidc IA m.p. 232°C: vield 52%; cm*“1:
3380s, 3040s, 1680s, 1620s, 1415s. Anal for C,,H200cN4:C, H, N calcd. 59.72,
5.88, 12.66; found 60.0, 6.1, 12.1.

Bis-'[-L-glutanivl) AA-diphenvimethane-diamidc le. m.p. 218CC ; vield 59%;
y cm®“1: 3320s, 3080s, 1670s, 1605s, 1410s. Anal for C.3H20e N4: C, H, N calcd.
60.52, 6.14, 12.28; found 61.0, 6.5, 11.9.

Bis-'(-L-glutamvl) -A A-diphen\'lether-diamide \d. m.p. 225°C ; yield 71%;
vent“1:3350s, 3050s, 1700s, 1600s' 1410s. Anal for C2,H,00eN4: C, H, N calcd.
57.64, 5.67, 12.22; found 57.2, 6.0, 11.8.
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SOME NEW HYDRAZONES AND HYDRAZIDO-HYDRAZONES OF
TERPENOIDS AND RELATED COMPOUNDS.

IOAX BATU 10AM €RISTEA aiul VALEIl EARCASAV

ABSTRACT. It were prepared some new condensation products between va-
rious type of terpenoids (IV, V, VI, VII, VIII, IX) and hydrazjnes (I, Il) or
hydrazide of isonicotinic acid (ITT). The new hydrazones and hydrazido-hydra-
zones were characterized by UV-VIS and IR spectra.

Introduction. As part of our larger program to contribute iu the chemistry
of terpenoids, we report as a preliminary note the préparation of some new
hydrazones and hydrazido-hydrazones of this dass of compounds.

As starting material we used the hydrazines: | (2-hydrazino-4-hidroxy-
6-methyl pyrimidine), 11 (5-buthyl-2-hydrazino-4-hydroxy-6-methyl pyrimidine)
[1], the hydrazide of isonicotinic acid(l11) and various type of terpenoids, namely
citral(1V), (+)-carvone(V), (4-)-a-ionone (VI), B-ionone(VIl), (-)-verbenéne
(VHI) (-)-)-fenchone(IX).

Such compounds may present
interest as potential biological acti-
ve, Species as show e. g. the hydra-
zones of menthoné with hidrazide of
isonicotinic acid [2], present biologica,
activity.

The reaction were performed in
the conditions describedin the experi-
mental section.

Tables 1, 2and 3 listed the com-
pounds prepared (XI ... XV a, b
andc).From the spectral dataonlyIR
and UV-VIS were given, last oneuse-
ful for an easliy handled quantitative
analysis. As can be seen, the con-
densationof I, Il and 111 (X,,4t299,6,
305,260.3 nm) with the carbonyl com-
pounds determine, a bathocromic shift

of the band from longest the wave
lenght in the electronic spectrum.

The compounds Xl-c, Xlll-c
and XIV-c were prepared earlyer [3, 4]
in another experimental conditions, _ B
XIl11-c was isolated only as hydrochlo- Fig. 1 Formulas.
ride [4]

Uniwrsity of Cluj-ttbpwa,, I'Acitlt-y of ctem+slry «ml industrial chemistry, 3400 C uj-Kspoca, RatuaniA.



Table 1

Condensation prodnets of I (Xl-a ... XV-a)

N6.  Substance  Starting carbonyl Melting  Formula Analysis, N [%6] IR 3pectra Etectronic
compound point  (Mol. wt.) Calcd. Found >, cm*l spectrum
:°c] Zmax, nm
®max X 10 3
1 Xl-a Citrat (1V) 144-5 20 42 19.8 1585, 1635, 2890, 1480, 316.0
(274.36) 1315, 1105, 820, 960, 700 (22.6)
2. Xll-a (+)—Carvoné (V) 173-4  A~15/807MN 20.57 20.5 1590, 1670, 2910, 815, 316.0
(272.34) 1300, 1100, 1190. 1040, (22.0)

690
3. Xlll-a (¥)-a-lonoue (VI) 218-20 C,,H2,X40 17.82 18.0 1595, 1610, 2910, 1120, 304.5
(314.42) 1260, 965, 1450, 1355. (23.1)

855
4. XlV-a *-lonone (VII) 169-70 C,,H,.X40 17.82 18.2 1570, 1665, 2920, 1110, 316.8
(314.42) 1450, 1340, 970, 1170, (17.5)

820
5. XV-a (—)-Verbenone (VIII) 186-8 20.57 20.6 1580, 1665. 2940, 1430, 319.4
(272.34) 1090, 1275, 810, 970, (22.7)

1245

* Only some of the more intense bands were given
== The band of the longest wave. lenght in the electronic spectrum

‘e 18 NilLva



No.

Condensation prodncts of 11 (XI-b . ..

Substance Starting carbonyl Melting
compound point
[°cl
Xl-b Citral (1V) 141-3
Xll-b (-i-)-Carvone (V) 174-6
XIl1-b (x)-a-lonone (V1) 182-3
XIV-b B-lononc (VII) 178-9
XV-b (—)-Verbenone (VII1) 159-60

* Only aome of the more tntense banda were given

Formula
(Mol. wt.)

C19H30X'40
(330.47)

CltH, nido
(328.45)

C2H34N4O
(370.53)

(370.53)

CleH238XtO
(328.45)

*e The band of the longest wave lenght in the electrontc spectum

Analysis,
Calcd.

16.95

17.06

15.12

15.12

17.06

XV-b)

N [%0]
Found

16.6

16.9

15.2

14.9

17.0

1675,

Table 2

IR 3pectra Electronic
1/X, cm*1l spectrum
> wax, ntn
rmax X 10 3

1695, 2920, 1435, 325.1
1335, 1375, 1100, (22.1)

1640, 2920, 1125, 3225
1050, 1310, 775,  (25.5)

1580, 2960, 1445, 320..1
1335, 1110, 970, (23.8)

1690, 2930, 1455, 325.1
970, 1340, 1375, (23.2)

1610, 2930, 1540, -311.0

1465, 1280, 1045, 1080, (13.0)

1235
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No. Substance

1 Xl-c
2. Xll-c
3. Xlll-c
4, XIV-c
5. XY-c

Condensatlou producte of 111 (Xl-e ... XV-<)
Starting carbonyl compound  Melting Formula) Analysis, N [%]
point (Mol. wt. Calcd. Found
[°c]
Citral (1V) 127-8 C,,H2XN30 15.48 155
(271.36)
(+)-Carvone (V) 140-2 Cl1.H,,NSO 15.60 15.8
(269.34)
(ij-a-lonone (VI) 163-5 C,,Ha’X,0 13.49 13.8
(311.42)
3-Tonone (VII) 172-3  C1»H25X30 13.49 13.7
(311.42)
(—)-Verbenone (VIII) 206—7 Cl.H,,Na0 15.60 15.9
(269.34)

* Only some of the more intense bands were given
~= The band oi the longest wave lenght in the electronic spectrum

Table 3

IR 3pectra Etectronic
I/>., cm-1 spectrum
> war, nm
£max X 10-3
1635, 1650, 3050, 1550, 300.2
1300, 690, 1390, 1410, (20.2)
870
1650, 1540, 3180, 1290, 282.8
1040, 1430, 1120, 995, (12.3)
680
1660, 1525, 3320, 1555, 2S4.1

1275, 970, 1380, 840, 680 (16.3)

1645, 1530, 2920, 1400, 312,2
755, 1145, 670, 835, 960 (19.0)

1645, 1530, 2940, 1615, 302.0
1285, 1540, 1590, 685, (13.7)
1135

e 18 NiLvd
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If (-r)-fenchone (IX) was reacted with, I, Il or Il in the condition used
for us by IV ... VIII, no condensation was observed. This behaviour may be
atributed to a steric hindrance.

In the case of IV,V, VU and VIII a, R-unsaturated carbonyl compounds,
beside the 1, 2 addition, which precede the formation of the corresponding hvdra-
zone, an 1,4 addition may be expected. Our preliminary observations by the
condensation of 111 with 1V support this fact.

Exposed to the sunlight, XII-a, give a new compound, as indicate TLC.

The detalied studies of the two last mentioned bahaviours and that of rela-
ted compounds will be the topic of our subséquent work.
The investigations of the TLC and the biological activity of the new com-

pounds are in progreses.

Experimental- The nielting points determined in glass caplllaries are not corrected. The elec-
tronic spectra 1'V-VIS were recorded in éthanol on a “Specord M 40" Cari Zeiss Jena spectroineter.
I'or recording IR spectra (in KBr pellets) a “Specord M 80” Cari Zeiss Jena was used.

General method. A mixture of 0.0075 M hvdrazine (I, 1) or hydrazide (111) and 0.0085 M
carbonyl gompound in 30 ml ehanol (in the case of I, 150—200 ml) was refluxed for 6-10 hours.
After 24 hours in the refrigerator, the precipitate was filtered and dried. If after 24 hours no pré-
cipitation occurcd, the éthanol was distilled of and the residue (viscous «r solid product) was ma-
cerated with ligroin and the solvent decanted. This procedure was repeted until a powder was
obtained. After the last macération, the solid was filtered and washed with ligroin and acetone,
lu the case of the reaction products of Ill, also a washing with warm water was nseful. The crude
dried products were recrystallized from acetone.

The vields are between 25% to 75%,. We were interested only in the obtained of the new
pure substances (compounds) not in yields.
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OPTIMIZATION OF HIPPITRIC ACID SYNTHESIS

IONEL FIOPAHTEAN ALEXANDRU FtPU IRINA TARSICHE and
IOANA HOPARTEAN

ABSTRACT. This paper présents a new experimental method to obtain the

optimum technology for the synthesis of hippuric acid and purity détermina-
tion by potentiometric titration.

Hippuric acid is au important compound iu some essential aminoacids
synthesis (tryptophan, phenylalanine, histidine).

Hippuric acid is obtained by the reaction between glycine (Oly, 1) and
benzoyl chloride (II) in alkaline medium (NaOH, IIl). This seems to lie the
most favorable method to obtain it [1—3].

H2NCHCOOH + PhCOCI + NaOH----- > PhCONHCHCOOH + 2NaCl + 2H20
| 1 1 v

This paper deals with a method for the optimisation of the hippuric acid
synthesis. The influence of the molar rations of the reagents upon the yield
hippuric acid was studied by an experiment which consists in the adéquate
change of the molar rations of the reagents.

This experiment begins with the identification of the independent variables
(amounts of the reagents) then continues with the choice of the quantifies,
according to the stoechiometric molar ratios of the reagents (the base level)
Then the jnolar ratio Gly : PhCOCI: NaOH is changed as follows : PhCOCI . Gly—
=0.9: 1(—1) and 1.1: 1(+1) and the molar ratio NaOH: Gly = 1.5: 1(—1)
and 2.5: 1(+1). Each combination of these ratios is tested. The Gly concen-
tration is maintained at the constant level of 0.031 M(2.325 g/1) and then the
concentrations of the other reagents (Il, I11) are changed according to the
figure 1.

The change takes place systematically following the change of the experi-
mental matrix and the resulted amount of hippuric acid is observed.

As can be seen in figure 1 the molar ratio PhCOCI: Gly is modified with
the incrément Aj = 0.1 and the molar ratio NaOH: Gly with A2 = + 0.5.
The point in the center of the figure corresponds to the base level.

* Department of Organic Chemistry *’Babes-Bolyai University” Cluj-Napoca.
** Military Institute /Nicolae Bé&leeseti” Sibht, Romania.
Chemical Institute Cjuj-Napoca™ Romania.
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The coefficients in the régression equation are determined by solving the
équation

X independent variables matrix
. A~(CXrX)- (XrY) where:
Y dependent variables matrix
The régression équation obtained is: y — 0.657 -J- 0.586x, -f- 0.28x, where :
y is the quantité of hippuric acid obtained (g)

X, is the volume of PhCOCI used (cm 3)
X2 is the quantity of NaOH used (g)

This équation describes a surface of the experimental data, each experi-
mental y having the coordinates xt and x2 [4].

The experimental data (table 1, 2) show that the best yield of the hippuric
acid is obtained for the molar ratio Gly : PhCOCI: NaOH = 1: 1.1:2.5.

molar ratio NaOH/Gly
r
3

molar

ratio
Phcoci/ay

Fig. 1 Molar ratios of the reagents duriiig the experiment
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Table. 1
Experimental data ubtiiiued in the propose«! experimental
Nr. Molar ratio PhCOCI NaOH Hippuric acid m.p. Yield
Jmnn cm3 i s °C %
Taw pure
0 1 2 3 4 5 6 7
1 1/1/2 2.89 2.0 31 25 188 56.00
2 1/0.9/1.5 2.60 15 2.7 2.2 189 54.76
3 1/0.9/2.5 2.60 2.5 3.0 2.1 189 54.74
4 1/1.1/1.5 3.18 15 3.3 2.0 187 44.85
5 1/1.1/2.5 3.18 25 3.4 3.1 190 69.50
6 1/1.2/3 3.47 3.0 3.3 2.9 190 65.10
7 1/0.8/3 231 3.0 2.2 19 189 53.17
8 1/0.8/1 231 1.0 21 19 190 53.20
9 1/1-2/1 3.47 1.0 2.2 1.8 188 40.33
Table 2

Experimentul data obtained «»lien CEIl. »ras used to »ash liippurie aeld erystalls

0 1 3 4 6 7
190 47.04
190 67.21

Experimental. In a 250 ml round bottoni flask, 0,031 M Gly, 0.032 M 1’hCOCI and 0.031 M NaOH
are mixed under continuons stirring. PhCOCI is slowly added. The reaction is exotherniic. After

45 minutes, HCI is added under stirring for the précipitation of hippuric acid. The obtained hip-
puric acid is filtered in vacuum. The crysta’ls are washed with ethyl ether or CCl14 to retnovc se-
condary products, and dried. Hippuric acid is purified by rccristallisation from water ; 2.5g hip-
puric acid were obtained, m.p. 188°C, yield 56%o.

Table 2 présents the results obtained when the filtered yrystalls of hippuric acid were washed
with CCI,.

The détermination of liippnrii- aeld puriiy. The purity of hippuric acid is determined by titration
with an aqueous solution of NaOH 0,1 M. Hippuric acid was solved in EtOH (0.4479 g in 25 ml
EtOH). Samples of 5 ml were tested. Titration was carried out under continuas stirring, succes-
sive!}”adding NaOH solution (of fcuown concentration). The pairs: NaOIll volume (ml) — potential
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(mV). were rccorded. A titration curve was built up. The équivalence point was calculated using
the Hahu-Weiller method [5].

VNaOH (n?%v) AEl AEU
(ml)
45
5.0 4%
: 0 0 235
5.5 269
6.0 -28I1z/ 504

235
V -=50 + 0.5-—--- = 523 ml
504

The experimental results obtained at the détermination of hippuric acid by potentiometric titra
tion on samples no. 5 and 11 from tables 1 and 2 are shown in fig. 2.

The amount of pure hippuric acid in the samples is calculated as follows:

where :

M — molar weight of hippuric acid (179.17 g)

Ve — average équivalence volume (ml NaOH)

N — normalité of the NaOH solution

f — factor of the NaOH solution

V — volume of sample (ml)

m — concentration of hippuric acid in the sample (g/1)

The amount of hippuric acid found was:

179.17 x 5.14 > 0.1 x 0.972
m — - o~ 17.903 g/1

The purity of the hippuric acid was calculated as follows:

lit
urity — X 100%
P Y 17.917

The purity of the preparatei! hippuric acid is:
. 17.903
puritv  —-------oeeeee X 100% -= 99.92%

C onclusions. As the experimental results show, the best molar ratio of the
reagents for the synthesis of hippuric acid is: Gly: PhCOCI: NaOH = 1:1.1 :25.
The excess of Il and 11l leads to the increase of the rate of the reaction. A
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further increase in PhCOCI and NaOH excess doesn’t lead to the improvement
of yield (70%).

The secondary produets were washed off with CCl4 which is not inflamma-
ble. The détermination of hippuric acid purity leads to the conclusion that
a high purity product was obtained (99.92%).
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THE MASS SPECTRUM OF 3-FHENYL-2.1-BENZISOXAZOLE.

IONEL MOPARTEAX MIRCEA YLASSA and IOANA ffOPARTEAN

ABSTRACT. — The mass spectrum of 3-phenyl-2,1-benzjsoxazole has been
recorded and the similarity between mass spectra of the title compound, acri-
done and acridine-N-oxide is discussed.

Although the behaviour of some aromatic heterocyclic ring Systems like
oxazole, benzoxazole and 2,l-benzisoxazole under electron impact have been
aiscussed [1—3], a study of the mass spectrum of 3-phenyl-2,l-benzisoxazole
has not been reported.

Details of the mass spectrum of this compound, recorded by us, are pre-
sented in Tabel 1 and Scheme 1. As we can notice the spectrum is tvpical
for heterocyclic compounds, dominated by a peak at m/e 195 (the molecular
ion is the base peak). The molecular ion undergoes two fragmentation path-
ways, analogous with 2,l-benzisoxazole [3]. A first one consists in the loss

Tabel 1

Mass spectral data m/e (1%) oi rompomids 1—HMlee

I 39(8), 51(20), 63(6), 71(4), 77(45), 84 (5), 90(8), 92(12), 105(7), 113(6), 151(7),
120(6), 138(8), 139(18), 140(10), 166(23), 167(55),. 168(8), 195(100, 51)

11 39(9), 61(18), 63(7), 69.5(12), 71(5), 77(40), 84(10), 90(10), 102(5), 113(14), 115(8), 138(7),
139(18), 140(20), 151(7), 166(24), 167(5?), 179(17), 194(87), 195(100, 51), 196(18), 197(10).

111 39(10), 51(17), 63(8), 68(6), 70(8), 71(6), 77(29), 83(8), 84(10), 89(5), 90(6), 91(11), 102(6),
113(9), 115(12), 138(8), 139(20), 140(18), 151(6), 166(25), 167(54), 168(71), 195(100, M), 196(19),
197(11).

of a CO molecule by a skeletal rearrangement leading to the ion a m/e 167,
which fragments further by loss of HCN and of a hydrogen radical yielding
ions h m/e 140 and ¢ m/e 139, respectively [4, 5]. The ion e in its turn élimi-
nates acetylene giving the ion d m/e 113 (see Scheme 1, the asterisk dénotés
the presence of an appropiate metastable ion). The second dégradation sequence
of molecular ion involves the cleavage of the 2,l-benzisoxazole ring generating
the ion e m/e 105 and f m/e 90, respectively. The ion e m/e 105 losses CO

« Department of Organic Chemistry, ”Babes-Bolyai University”, sir Arany Janos W, 3100 Cluj-Xapoca, Romania.
e« Chemical institute Cluj-Xapoca, Romania.
The peaks corresponding to less than 2+ relative iiitesities were not tabulated.
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f, m/e 90

Ifig. L Scheine 1

molecule tind then acetyleue giving the abundant ion g m/e 77 and h m/e
51 ; the ion f élimindtes HCN leading to the ion i m/e 63.

The first fragmentation mode presented above involves an intramolecular
skeletal rearrangement process which have also been noticed in the case of
the acridine [6,7], azoxvbenzene and phenazine-N-oxide [8]derivatives.

If we compare the spectrum of 3-phenyl-2,l-benzisoxazole (1) with those
of acridone (Il) and acridine-X-oxide (I1I) the similar behaviour of these
compounds in the mass spectrometer conditions is obvious (see Table ! and
Scheme 1). Thus the ions m/e 167, 140, 139 and 113 are common for ail
these compounds. It can Ix? accounted for by the fact that the molecular ion
undergoes a skeletal rearrangement to Il, which is common for I, Il and
Il ; then it fragments further to ions m/e 167, 140, 139 and 113. This Statement
is supported by the fact that at 150°C 3-phenvl-2,l-benzisoxazole [9, 10] and

acridine-N-oxide [11, 12] sul'fer a thermal rearrangement to acridone.

Experimentul. The substances were prepared by literature methods [13 — 15]. The purity was che-
cked by TDC on silica gel. The mass spectra were recorded using a Perkln-Elmer GI< mass spectro-
metet opetating at 70 eV and 100 itA.

Metastables peaks were measured by scanning the electrostatic field (PADI) und the accelc-
rating voltage (defocusing techique). Metastables peaks : 143.2. calculated, 143.02 (for ion a); 117.40-
calculated 117.36 (for ion b); 91.80 calculated 91.86 (for ion d); 56.40, calculated 56.46 (for ion
g); 33.70, calculated 33.77 (for ion h), 44.04, calculated 44.10 (for ion i).
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THIAZOL XIIl . NITRIERUNGSREAKTION IN DER
LHENYLTHIAZOLREIHE.

AMIRAS BEXKO und ILDIKO SZATMAHI **

ABSTRACT. The nitration reaelion in 1li¢ plieiiylthiazole serles. The orienta-
tion effect exerted by the substutients located on the thiazole ring upon the
nitration réaction wvithin the phenylthiazole sériés was investigated. The nitra-
tion of 2-phenyl-4-R-thiazoles was carried out. The nature of the substituent
on the thiazole ring was the decisive factor in orientiug the nitration of the
phenyl moiety in the para or meta position. The meta-substitued products
reprezented less 5% of the obtained nitrated derivatevis.

Einleitung. Im Fall dur Phenylthiazolderivatcn, wenn man den Thiazolring
als ein Substituent von ersten Rang betrachte, welcher in dem Benzolring
sich befindet, kann man die Orientierungseffekte studieren. Fir diesem Zweck
wurden die Mononitrodervaten gewahlt und es wurde mit eine Nitrierung-
smischung gearbeitet, berechnet in der streng stéchiometrischen Quantitét.

Die Nitrierungsreaktion von Phenylthiazolderivaten die mit ein Substitu-
ent von ersten Rang substituiri sind, findet unabhangig von der Stellung des
Substituentes in drr para Stellung des Phenylrings statt.

In der Mitteilung XI1 wurde, dargestellt, dasz Phenylthiazolderivate von
den Typen: oder Substituenten von zweiten Rang.

7 Fr. - cooh ' '
— cO

Im Fall der Nitrierungsreaktion die NO.,-Grtippe wurde anabh&ngig von
dem Charakter des Substituentes hur in der para Stellung eintreten. vy

Diskussion: Unsere nachtragliche Untersuchungen beweisen, dasz, wenn R ein Sub
stituent von zweiten Rang ist, wurde auch das m-Nitrophenylderivat gebildet sein, aber e inéin,
kleinem Anteil. Nach der Oxidation der Nitrierungsprodukten erhéalt man eine Mischung von meta

und para Nitrobenzoesaure mit einem Schmelzpunk von 190°C und das beweiszt, dasz auch die
meta Nitrobenzoesaure, dessen Schmelzpuuk 141°C. betragt, gebildet ist. Nach wiederholter Re-

¢ Universitat Babes-Bolyai Cl&j-Napoca Ruménien.
** Mitteilung X11: A Silberg, A. Benko, und | A. Panczep Studia Univ. Babes-Bolyai.
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kristalisation erhebt sich (ler Schmelzpunkt bis 241CC (der Schmelzpunkt der reinen p-Nitroben-
zoesaure betragt 241 °C). In disent Fall gibt es das meta Nitroderivate in einer sehr kleinem Quanti-
tat (weniger als 5%) und es wurde aus der Mutterbauge .erhalten.

In unseren Untersuchungen haben wir Derivaten von folgenden Typen
betrachtet :

R, <4
C—N
I I/ —C-00»
— CH-CH.cC-Cll -//
Fig. 4. -CO-en
—CCO fff
e - CCclz
<a c/za
* zz

Die Derivaten von 2-Phenyl-4-RI1-5-R2 thiazolen sind mit eine Nitrierung-
smischung nitriert geworden, diein eine strengstdchiometrische Quantitat berech-
net ist. Die erhalten Nitroderivaten sind danach mit KMnO4 oxydiert geworden
und es wurde die Nitrobenzoeséure erhalten.

Es wurde die Solubilitdt im Wasser der Nitrobenzoasdure festgestellt :
Schmelzpunkt C  Solubilitat (20°C)

1. orto Nitrobenzoesaure 146-148
2. meta Nitrobenfoesaure 140-141 1,245 g/lOO ml
3. para Nitrobenzoeséure 241 0,15 ¢/IOO0 ml

Die Tabelle zeigt eindeutig, dasz (nach der .Oxydation von 2-Phenyl-
thiazolen, die in der 4 und 5 Position substituirt, sind) von allen Nitrobenzoes-
aure die meta Derivate in der Losung bleiben weil diese ungefdhr eine 8,5 mal
groszere Solubilitdt hat, para Derivat sich heraus schlagen. Man stellte fest,
dasz das Hauptprodukt der Oxydationsreaktion immer die para Nitroben-
zoeséure ist.

Wann R4 oder R2 ein Substituent von ersten-Rang ist, wurde aus der
Reaktionsmischung, nach der Isolierung der p-Nitrobenzoesdaure aus der Mutter-
lauge, in allen Fallen auch die m-Nitrobenzoesdaure erhalten.(Schmelzpunkt
140—141 C), aber nur in einem kleinen Anteil (weniger als 5%). Es ist zu
bemerken dasz die orto-Nitrobenzoesaure in keinem Fall erhalten wurde
wahrscheinlich wegen des priméren sterischen Effektes.

g P-  — Cilffy - COOff

Fis 2
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Auch die 2-R-4-Phenylthiazolderivaten sind synthetisiert geworden:

R: -COOH
-COOCH;3

Nach der Oxydation von Nitropheuylthiazolen erhielt man in jedem Fall

p-Nitrobenzoesaure, neben einer kleiner Qantitat m-Nitrobenzoesaure, welche
aus der Mutterlauge isoliert wurde.

Die Phenylthiazolderivaten wurden nach der klassischen Methoden von

Hantzsch synthetisiert, man verwendet als Kondensationsprodukt entschpre-
chenden Thioamiden bezw a-Halocetonen

R-co R-¢c—f/ M
| 4] - K I K
a-cu c- a
t Il
n 5
Fig. 3.

Experimental. 2-Phenyl-4-férmilthiazol: Man lost 33,5 g 2-Phenyl-4-chloromethil-
thiazol und 53.6 g urotropin in 670 ccm Essigsaure (50%) und kocht diese
Losung ungefahr 45—50 Min. Solche erhaltene Ldsung gieszt man in 330 ccm
Wasser, nachdem Ergabung eine kleine Quantitdt Kohlen wurde filtriert
mit Ather. Die atherische Losung wéascht man mit der gesattigter LOsung
von NaC03, dann wird mit CaCl2 getrocknet, distiliert man der Ather, und
der Destilationsriickstand wurde mit NaHSO3-Losung (40%) in das Bisulfit-
produkt verwandelt. Nach der Zersetzung des Bisulfitprodukts mit einer gesat-
tigten Na2CO3-L6sung, wurde der 2-Phenyl-4-formilthiazol mit Ather extrahiert.
Nach der Ather Destilation erhielt man ein oligartiges Produkt. Aush. 76%.

In der Nitrierungsreaktion bildet es ein Substanz mit 135°C Schmelzpunki.
Venn man die Sommelett-reaktion gebrducht im Fall des 2-p-Nitrophenyl-4-
-chlormethylthiazol wurde nur p - Nitroderivaten erhalten. Sch. p. 155eG.
2-Phenyl-4-carboxithiazol : In einem rundlichenunterlagenen Kolben wurden
4,11 g 0,03 mol) thiobenzamid und 5,85 g (0,03 mol) Ethylbrombrenztrauben-
saure [1,2] welche vorherig in 25 ccm Methanol aufgeldst wurde, eingefrt.
Das Gemisch kocht am Rickfluszkihle.x eine Stunde lang dann gieszt man
in 100 ccm Wasser. Die waszrige LOsung neutralisiert man mit geséattigte
Na2CO8-Losung. Es wurde Ethyzeszter von 2-Phenyl-4-carboxithiazol in 6ligen
Form erhalten, welche hvdrolisiert wurde. Zu den 06ligartigen Substanz wurden
1,97 g NaOH, geldst in einem minimalischen Quantitat Wasser dazugegeben.
So erhaltene Reaktionsgemisch kocht man am Ruckfluszkihler 20 Min., nach-
dem die Reaktion beendet ist, entscheidet der 2-Phenyl-4-carboxithiazol, welcher
dann filtriert und mehrmaligen aus Wasser umkristallisiert wird. Ausb. 75%.
Man kann auch 2-Phenyl-4-carboxithiazolsaure aus 2-Phenyl-4-formyl thiazol

in einer Oxydationsreaktion mit NaaCr207, gebraucht in einer stdchiometrischen
Quantitat, erhalten.
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Es wurden nach der Nitrierungsreaktion ein Gemisch von p-und m-Nitro-
phenylderivaten erhalten. Sch. p. 236°C.
2-Phenyl-4-tliiazolil-acrilsaure :  Mar erwdrmt ani Ruckfluszkihler auf dem
Wasserbad 6 Stunden in Gemisch von 15g (0,08 Mol) 2-Phenyl-4-formyl-
thiazol, 9,3 g (0,08 Mol) Malonséure, 69 ccm Pyridin und 6 ccm Triaethylamin.
Die Erwdarmung des Gemisches wurde noch 6 Stunden noch 120— 125°C auf
de Oelbad fortgesetzt. Man kuhlt die Losung und neutralisiert mit verdinnter
HCI?Solution. Man filtriert den gebildeter Niederschlag, dann wird mit Wasser
gewaschen und aus Benzol umkristalisiert. Man erhielt 2-Phenyl-4-thiazol}4
acrilsaurc mit Sch.p. 190°C. Ausb. 87%. Tn Nitricrungsreaktion wurde ein
Substanz mit Sch. p 217—218°C erhalten.
Methylcster von 2-Phenyl-I-thiazolylacrilsdurc : Man 16st 2, 3 g 2-Phenyl-4-thia-
zolylacrilsdure in 10 ccm Mathanoi, betragt 3 Tropfen H2SO4 und das Reaktions-
gemisch wurde am Ruckfluszkihler | Stunden auf dem Wasserbad erwérmt.
Man filtriert den gebildeten Niederschlag und dann wird er aus dem waészriger
Methanol (3:1) mehrmalig umbkristalisiert. Man erhielt eine weisze kristalini-
sche Substanz. Sch. p- 124—125°C. Ausb 80%.

In der Nitreierungsreaktion wurde ein p-Nitrophenvlderivat erhalten.
Sch. p 178CC.

Ester der at-Chloracethylessigsaugre : In einem rundlichenunterlagenen Kolben
versehen mit Troptrichter, mechanischer Turbinierungsgesatz und Gasableitung
leitet man 39 g (0,3 Mol) Ester der acethylessigsdure ein und unter Turbinieren
des Gemisches tropft man 42,5 g SO2C12 (ein Uberschiisz von 5%). Nachdem
Tropfen der SOXC12 (ein lebhaftige Gasentwicklung"von HCI und SO? statt-
findet) distiliert man das Reaktionsgemisch in Wakuum. S.p.105—110°C/30 Hg
mm oder 193°C.

2-Phenyl-4-methyl-5-carboxithidzolsdurc: Man erwédrmt am Ruckfluszkuhler ein
Gemisch von 16,5. (0,1 Mol) Ester der a-Chloacethvlessigsdure und 13,7 g
(0,1 Mol) Thiobenzamid [3], der vorherige in 25 ccm Methanol gel6st
wurde. Die erhaltene Losung, in ‘der Ester der 2-Phcnyl -4 - methyl -5
carboxy thiazolsdure bildet .wurde, hydrclisicit man mit 10 g NaOH
in einer minimalischen Quantitat Wasser gelést, man erwarmt noch ein halb
Stunde und gieszt man in 80 ccm Wasser und einsduert mit kenz. HCI Ldsung.
Der ausgefallene Niederschlag der 2-Phenyl-4-methyl-5-carboxythiazoE&ure wird
filtriert und aus Essigsaure umkristalisiert. Sch. p. 204—205(C. Ausb 90%.

In Nitrierugsreaktipn wurde eine scwachgelbliche Substanz erhalten. Sch.
p. 201°C die ein Gemisch von der p-und meta Nitriphenylderivat ist.
2-Phenyl-4-methyl-5-acethylthiazol : Man kocht am Ruckfluszkihler 1 Stunde
ein Gemisch aus 2,6 g (0,019 Mol) Thiobenzamid, in 26 ccm Benzol gelost und
2,6 g (0,019 Mol) 3-Chlor-2,4-pentandion (erh&lt man in einem Chlorierungs-
reaktion de Acethylaceton mit Hilfe SO2C)2). Nach dem Erkalten der Reak-
tionsmichung wurde 2-Phenyl-4-methyl-5-accthyl thiazol ausgefallt, filtriert und
umkristalisiert. Sch. p. 85°C. Ausb 89%.

In Nitrierungsreaktion wurde ein Substanz erhalten, das ein Gemisch von
der p-und meta-Nitrophenylderivat ist. Sch. p. 96°C.
2-Phenyl-5-formylthiazol: Man erwarmt 10 Min. am Ruckfluszkihler ein Ge-
misch aus 1 g (10 mMol) Chlormalondialdehid [4] und 1,37 g (10 mMol) Thio-
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benzamid in 10 ccm Aceton. Nach der Entfernung des L&ésungsmittels wird die
bleibende Substanz aus Wasser umkristalisiert (ergab Aktivkohle), man erhalt
2-Phenyl-5-formylhiazol. Sch. p. 94,6. Ausb nahe Quantitativ.

b'II(? der Nitrierungsreaktion wurde ein Gemisch p-und m-Nitrophenylderivat
gebildet

2-Phenyl-5-carboxylhiazolsaurc : Man erwarmt 1 Stunde am  Ruckfluszkihler
auf dem Wasserbad bei 65—70°C ein Gemisch aus 0,95 g (5 mMol) 2-Phenyl
-5-formylthiazol und 2,1g (15 mMol) Ag20 (frisch ausgefallt) suspendirt in
15 ccm Wasser und 15 ccm Dioxan. Nach der Oxydation der Aldehydgruppe
versetzt man ungefahr 20 ccm NaOH 2N. Der ausgefallene Niederschlag wird
filtriert und aus Wasser umkristalisiert. Sch. p. 188°C. Ausb-: nahezu Quanti-
tativ.

In der Nitrierungsreaktion wurde ein Gemisch p-und m-Nitrophenvderivat
gebildet Sch. p. 205°C

2-Carboxy-4-phenylthiazolsaurc : Man kocht 1 Stunde am Ruckfluszkihler ein
Gemisch von 16,89 (0,125 Mol) thioxamethan (Ethylester der Oxalsduretio-
amid) [5] und 25 g (0,125 Mol) -Bromacetophenon gel6st in 100 ccm Methanol.
Nach dem Erkalten filtriert man den gebildeten Niederschlag, es wurde der
Ethyleszter der 2-Carboxy-4-phenylthiazolsaure erhalten. Die Hydrolisation des
Esters kan nur bei Kalte stattfindet, weil die Sdure eine Dacarboxylations-
tendenz hat. Die Décarboxylation der Thiazolsduren wurde hauptséchlich
beglnstigt, wann, die Carboxygruppe sich in 2-tem Pozitipn des Thiazolrings
bindet. Man gibt dem Reaktionsgemisch (womdglichst vor dem Filtrations)
20 g KOH daz 16st in 15 ccm Wasser und man laszt 1 Stunde bei Zimmer-
temperatur. Das gebildeten K-Salz wurde abfiltriert dann 16st man den Nieder-
schlag in kalten Wasserund sduert mit HCI (konz) unter auszern Kuhlung.
Es wurde 2-Carboxy-4-Phenylthiazolsdure gefallt. Sch. p. 85—86°C Ausb 87%.

In der Nitrierungsreaktion wurde ein Substanz mit Sch. p. 175—176°C
erhalten: die ist ein Gemisch von p-und m-Nitrophenylderivat.
2-Accthyl-4~Phenylthiazol : Man l6st bei Warme 18,8g 4-Phenyl-2-thiazolyl-a-etha-
nolin50ccm Essigdsure, dann wurde eine Losung von 7,59 NaCr207 » 2H20 in
15 ccm Essigsaure zu der warmen Ldsung in 15 Min. portionsweise unter Kih-
lung und Mischung gegeben. Wéhrend man die Bichromatldsungs dazugebt
erwdrmt man nicht das Reaktionsgemisch. Nach dem migefahr die
Hélfte der Bichromatlosung zugegeben wurde, scheidet sich aus dem Reak-
tionsgemisch 2-Acethyl-4-Phenylthiazol. Wenn es n6tig ist, gibt man 10—15 ccm
Eisessig. Nach dem die ganze Menge des Oxydationsmittels zugegeben wurde,
erwarm man noch auf dem Wasserbade 2 Stunden, dann wird das Reaktions-
gemisch filtriert und wascht (bis zur Entfernung der griine Farbung der CrHI).
Auskristalisation aus Essigsaure erhalt man ein Substanz mit 77—78°C Sch.
p. Aus dem Mutterlauge man ein bedeutliche Menge von 2-Acethyl-4 phenyl-
thiazol. Ausb. nahezu Quantitativ.

In der Nitrierungsreaktion wurde ein Substanz. Sch. p. 185°C. Das Nitri-
erungsprodukt ist ein Gemisch von p-und m-Nitrophenylderivaten.

10 — Chemia 1—2/1993
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Allgemeine Methoden fur die Nitration der Phenyltbia2»lderivaten. Im jeden
Fall hat die Nitrationsreaktion mit streng stéchiometrischen berechneten Mengen
Nitrierungsgemisch stattgefunden. Die Substanz wurde bei 0°C in konz H2SO4
(minimalischen Menge) geldst; die so erhaltene Losung kihlt man unter 0°C
und unter stetige Mischung, tropfenweise, gibt die strenge stéchimetrische
Menge rauchende HNO3 (D : 1,5 g/ccm). Man laszt 15 Min bei Zimmertempera-
ture dann gieszt man auf Bis, der ausgefallene Niedershlag wird filtriert und
auskristalisiert aus Methanol.

Allgemeine Methoden fur Oxydation der Nitrophenylthiazol derivatenmit KMnOA4.
Itn jeden Fall, fur die Oxydation der Nitrophenylthiazolderivatenwurde 1 g
abwiegt, man gibt 80 ccm Wasser und 5g KMnO4 in Dreiportion und das
Reaktionsgemisch erwarmt man am Ruckfluszkihler 1 Stunde, dann wurde
noch warm de MnO, abfiltriert und sauert man mit HCI konz. Wenn die Nitro-
benzoesdure nicht abfallt wurde die Ldsung bis zur Halfte verdunst. Nach
der Erscheinung des Niederschlags wurde abfiltriert, trocknet und bestimmt
die Sch.p.. In jedem Fall wurde auch das Filtrat verdunst, weil die m-Nitro-
benzoesdure l6slicher als die p-Derivaten ist, sie es gibt in der Ldsung und
auch in diesem Fall wurde die Sch.p. bestimmit.

Konklusion : Es wurde das Orientierungseffekt der am Thaizolring befindlichen
Substituenten bei der Nitrierungsreaktion der Phenylthiazols untersucht. Die
Nitrierung der 2-Phenyl-4-R-thiazolderivaten vurde ausgefuhrt. Man stellte
fest, dasz abhéngig von der Natur des Substituenten R die Nitrogruppe sowohl
iu die para Stellung als auch indie meta Stellung des Phenyring eintreten.
Die dmeta—Derivaten sind nur in einem kleinen Anteil (weniger als 5%) gebildet
worden.
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ETHYLBENZENE DEHYDROGENATION ON Fe-Cr-K CATALIST. I.
THE INFLUENCE OF THE ADDITION OF SEVERAL MATERIALS

WITH VANADIUM ON THE CATALYTIC PERFORMANCES AND
MECHANICAL STRENGTH OF THE CATALYST

X. BUiAMlTA M. STAXCA and F. BI'CIUMAN»*

ABSTRACT. — The addition of soiue materials with vanadium in the Fe-Cr-K
catalyst, followed by a thermal treatment with a steam-ethylbenzene mixture,
increases mechanical strength and the catalytic performances in the ethyl-
benzene dehydrogenation at températures over 640°C are sensibly improved.

Introduction. The styrene is obtained mainly through the catalytic ethyl-
benzene dehydrogenation in the presence of steam. Many catalysts have used
in this process and many attenipts have been made in order to improve
their catalytic performances and mechanical strenght [1,9]. The most utilised
catalysts contain Fe203—Cr203—K2CO3 with addition of some metal oxides
as promotors, e.g. vanadium [1—4], magnésium [3,5], zinc and copper [1,
6, 7], molybdenum, cérium and calcium [5], nickel and copper [8], calcium
and aluminium [9].

In this paper was studied the influence of some materials containing vana-
dium precisely the fresh catalysts from the manufacturing of the sulphuric
leid, on the vyield, conversion, selectivity and mechanical strenght of some
Fe—Cr—K catalyst in the ethylbenzene dehydrogenation to styrene.

. Table t
Composition and meehanleal strenght ot the aatalysts >

Cat. Composition (wt. %) Compressive strength 1 Abrasion résistance

no. FcaO3 Cr203 Kaco, VsO,/SiOot (kg/pellet) (%)

r 85 .5 10 — 6.5 85 i

2+ 87 3 10 - 7.0 87 .

3 62 3 10 ¢ 35 13.4 95

4 63 10 24 13.8 94

5 60 . 3 10 27 15.2 98

« Depertmait of Toclutological CiemQtry, Paculty of Ckmotry ”’Babef-Boiyai” Vniwrsity, 3400 Cluj-Nopoco, Xoamana
+ Industriel catalyst (1), catalyst prepared in laboratory (2).

Fresh catalysts added, provided from tbe sulphuric acid indusiry of Craiova,” Romania (3), Wolffen (4) and Grillo
(5), Uermany, in a quantity corresponding to 2.5% V,O,.
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Experimental: - Catalyst préparation and mechanical strength. The catalyst composition is shown
in Table 1. The Fc303, CrsO,, V306/S:0Os powders with the granulation within the range of 2—10
microns were mixed in a stirrer for 30 min., then the KtCOg solution was added and-the mixing
continuer! for another 30 min. The wet paste was extruded in 4 min diameter and 5—6 mm length
cylinders. The pellets were dried for 4—5 hours at room température, 5—6 hours at 110 —120°C,
then calciuated at 700V for 1—2 hours. The beating. rate was 100°C/hour to avoir! the crushing-
For a good mechanical strength, the humidiiy of the paste must be within the range of 15—25%
in rapport to the solid mass. The compressive stre ngth and abrasion resistence of the pellets are
shown in table 1

Ethylbenzene defrydronenntlon. In a tubular isothermal reactor, a bed of 40 cm3 catalyst
with the granulation of 0,8— 1mm was charged, betwen two layers of silicon carbide. Over the
catalyst a steam-etliylbenzene mixture is passed in a mass ratio of HSO:EB=3 :1. The space Vvélo-
cité, calculated as cm3 liquid EB feed per hour per cm3 catalyst, were 0,5. The composition of
the EB feed was, in weight %:EB—99.08; benz.ene plus toluene — 0.40, stvrene — 0.40; di-

ethylbenzene r- 0.10.
The catalytic properties of the ferrie oxide and the capacity of adsorption for Cr3+ ions

were iinproved by the thermal treatment at 640°C in steam-EB flood, for 4 hours. The coked
catalyst was regenerated with air and steam until the absence of CO. in the effluent gas; during
this operation the température in the catalytic bed must not exceed 700°C. After régénération,
the catalytic activity was tested at work température in the ethylbenzene dehydrogenation. The
effluent vapors were coolerl and Condensed, the organic produet was separated, measured and the

liquid yield calculated.
The composition of the produet was determined using the gas-ehromatography method [10].
The catalytic performances at température were then calculated.

Results and discussion. The addition of vanadium materials and the lower
humidity of the pasto bring about the increase of the compressive strenght
and the abrasion résistance, as one can see in Table 1.

The dependence of the styrene percent, and light hydrocarbons (i.e. benzene +
+ toluene =+ B -f- T) per cent, in the organic produet, with the work tempéra-
ture, i0 the ethylbenzene dehydrogenation, is showen in Fig. 1, and Fig- 2.
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respectively. The selectivity (benzene plus toluene) as a functlon of the styrene
percent is presented in Fig. 3. '

A content of 50%'styrene in tlitp product (see Fig. 1.) was obtained at
520°C on catalyst no.2, at 595°C jon catalyst no. 4, at 615°C on catalyst
no. 3 and at 640cC on catalyst no. 5. It means that, by introducing the vana-
dium materials in catalyst no. 2, thé thermal level was enhanced with 75—
120°C. At the same time, the light hydrocarbdijs content at 50% styrene in
product (see Fig. 3) increased from 4.4% (catalyst no. 2) to 5—6% (catalyst
no. 4 and 3, respectively). The vanadium material added to catalyst no. 3
and 4, lead practically to the same performances and mechanical strength.
Catalyst no. 5 is less active and nonselective below 6400C.

Fig. 2. The variation of light hydrocarbons (sum B+T) content
in the organic product, function of température.

From the analysis of the experimental data one can find that, even if
catalyst no. 2 has a jigor mechanical strenght, it possesses higher catalytic
performances than catalysts no. 3 and 4, at témperatiires below 600°C.

Table 2 shows the composition gf the products, the performances of cata-
lysts.no. 1 and 3 at the same styrene content. iu the? organic product and
the performances of catalysts no. 2 and 3 at 600°C. One can also see that t
the vanadium material .added to the Fe—Cr—K catalyst rises the thermal
level with 80=C and diminishes the selectivity with 2.1% at the same conver-
sion, at températures below 620 C.
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At great quantifies of sty-
rene in product, of about 61%,
the performances and mecha-
nical strength of catalyst no.3
are better than those of catalyst
no.l, although the thermal level
still remains greater. In the same
time, at 600cC, catalyst no.3 is
more selective (with 7%) than
catalyst no.2. After 5 days, the
conversion over catalyst no. 2
decreases to 50% than remains
constant for more than a month.
Catalyst no.3 keeps its perfor-
mances unmodified for the same
time.

As a resuit of the thermal
treatemeiit of the catalyst, Fe304
forme which allows the Cr3h
and K+ superficial ions to pene-
trate inside the crystal lattice.
The promoter role of the chro-
mium consists in FeCr204 for-
mation, which is isomorphous
with Fe203 (the lattice constant

Pig. 3. The variation of selectivity (suni B+T) with IS a :,\8'37 for Fe203 and a—
the styrene content in the organic product at different 8.34 A for FeCr204) ) K2Cr204

also forms.
Table 2
Experimental results and catalytic performances
Cat. Temp. Composition of the products Performances
no. (°C) (wt. %) (Wt. %)
B+T EB St? R c S
1 520 3.66 54.90 41.44 ‘ ,40.66 47.70 85.25
3 600 4.36 53.89 41.75 40.09 48.24 83.10
1 540 4.59 47.71 47.70 46.24 55.29 83.63
3 620 .. 6.80 46.20 47.00 44.01 , 54.00 81.50
1 5607? 9.05 29.79 61.16 56.06 72-80 77.00
3 640 7.55 31.05 61.40 62.52 78.00 80.15
2 600 14.70 17.45 67.87 63,49 83.70 75.85 4

B — benzene; T — tolnene; St — styrene; LB -- ethylbenzeue; R - yield; C — conversau; 8 -- selectiviiy
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At 640°C, the SiO2 from the vanadium material allow the supplementary
pénétration of Cr3+ and K+ ions, which explains the enhancement of catalytic
performances at high températures.

Conclusion. Over the Fe-Cr-K catalyst below 560°C, yields of 41—56%
styrene in organic product and 85—77% selectivities are obtained, so the catalyst
is active at low températures but its mechanical strength is weak.

The catalyst which contains materials with vanadium, proportional to
2.5% (wt.) V205, has a double compressive strength and proves 62% yield with
80% selectivity in styrene, at 640°C, so it is active at high températures in etyl-

betizene dehydrogenation.
The improvement of ethylbenzene dehydrogenation could be achieved by

using both catalysts, laid in two layers in the adiabatie reactor.
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TUE STUDX OF HYDROGEN ADSORPTION ON THE 'SURFACE QF
Pd/AI203 CATALYST USING THE GAS-CHROMATOGRAPHY METHOD

MARIA STAXCA, ATCU DUILAMITA and FL.OHIXA BUCIUMAM

ABSTRACT. — Using the gas-chromatography. the processes of adsorption-
-desorption of hydrogen on the surface of Pd/Al20] catalyst have been studied.
The adsorptioniisotherms, the isosteric heats of adsorption and the Kkinetics
of hydrogen desorption have been settled, and three forms of hydrogen adsorbed
on the catalyst surface have been found, their influence being determined iu
cyclohexane dehydrogenation and benzene hydrogénation, respectively.

1. Introduction. By studing the adsorption of gases on the surfaces of solid
catalvsts, many important experimental data can be obtained, which allow
the settlement of the mechanism of some heterogeneous* catalytic processes.

The gas chromatography method was used for the research of physisor-
ption, chemisorption and chemical reactions catalysed by solid catalvsts, because
it allows the execution of fast &nd precise dvnhamic runs.

By means of gas chromatography a study was performed on the hydrogen
adsorption — desorption processes on Pd/Al203 catalyst, used in the hydro-
génation — dehydrogenation processes of hydrocarbons.

The research of the kinetics, of cyclohexane dehydrogenation [2j and benzene
hydrogénation [3], using as catalyst the paladium supported on various mater-
ials (asbestos, alumina, silica gel) showed that, in the absence of hydrogen,the
catalyst was quickly desactivated. In the range of températures of 200—320°C
the rate pressure of the hydrogen. The experimental data verified satisfactorily
the (Eq. (1):

w = k * P?,n, 1 Pii, U)

where : w = reaction rate ; K = rate constant ; pcsH, and pH. = partial pressures
of cyclohexane and hydrogen, respectively ; m and n indicate the order of reaction
in respect cyclohexane and hydrogen.

The values of the partial reaction orders dépend on température as follows :
m = 0.5 n =0-2 lat 250°C
and
m = 0.6 n=05 at 322¢C

As the partial reaction order of hydrogen dosen’t exceed 0.5 one can under-
stand that in the cyclohexane dehydrogenation participate those hydrogen atoms
which are adsorbed on catalyst surface.

* Unwersfly ”Babes-Bolyai”, Department of Chemistry and Chemical Engineering, 3/00 Cluj-Napoca, Romania.
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This paper présents a study carried out by using the gas chromatography
method, on the Pd/AI203 System, in order to evaluate the nature of the adsor-
ption processes, the shape of the adsorption isoherms, the isosteric heats of adsor-
ption and the kinetics of hydrogen desorption.

2. Experimental. A catalyst was used which contained 0.4—0.5% (mass) of Pd supported on alii-

mina. The thermal analysis of the catalyst were carried out using a Paulik— Paulik derivatograph

in the range of 20— 1.000%’. Fig. 1 shows that the physically adsorbed water was eliminatcd up
to 230°C, the greatest desorption rate
being at 135°C. The cxothennalpeak at
400°C corresponds to the structural
modification of alumina.

rC According to these results cata-
1000 lyst samples were selected in the 0.125 —
— 0.160 mm range of granulation,
which were thermally pretreated at 500 °C
800 firstly in air flow, then in hydrogen
flow at the same température, during

8 hours.
600 The study of the adsorption-desor-

ption processes was performed using an
experimental device similar to that pre-
sented in the paper [5]. The argonwas
400 employed as a carrier gas with a flow
rate of 20 cm3/min. The hydrogen was
injected in the argon flow in propor-

200 tion of 5% (vol) to the argon'. The

dead space of the device was determi-

O ned with nitrogén. The mass of the ca-
10 talyst sample was in the 4—7 g field.

Because the catalyst activates the hyd-

30F rogénation - dehydrogenation processes

only in the 150—330°C range of tempé-

50 rature, the tests of adsorption - desor-

ption of hydrogen were carried out
within the same range.

mg I For the kinetic study of the hyd-

10 20 30 40 50 rogen desorption within the range 150—

. . —300°C, the elution technique was em-
tlme. min. ployed, in the zone where the adsorption
-desorption process is reversible. The
runs were carried out at 150, 200 and
250°C using the device presented in |5]
aud preparing the catalyst samples as
in the frontal measurements.

3. Results and discussions. 3.1. Adsorption isotherms of hydrogen.

In order to study the hydrogen adsorption on the surface of the Pd/AI203
catalyst the frontal technique was used, because it can be extenden also in the
nonlinear area of the isotherm. The deserption curve was used in calculations
assuming that, at a given coverage of the catalyst surface, the partial pressure
of the hydrogen is proportional to the height of the chromatogram peak while
the area of the surface enclosed under this height is proportional to the volume
of hydrogen adsorbed on the catalyst surface. Knowing the flow rate and the
hydrogen concentration in the hydrogen — argon mixture, the hydrogen vo-
lume corresponding to each of the adsorption arca can be calculated.

Fig. 1. Thermal analysis of a tvpical Pd /11203
catalyst sample.
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Fig. 2. Langmuir-typc adsorption isotherms per Hydrogen an Pd/AI203 catalyst.

Adsorption isotherms showed in Fig. 2 are Langmuir — type and can be
used for the détermination of adsoption heat.

3.2. Isosteric adsorption heats of hydrogén on Pd / AIfl3. They were calculated

irom the isosteres provided by the adsorption isotherms (see Fig. 2) using the
Clausius — Clapeyron eq. :

logp -- - blog 0 (2
where : p — hydrogen pressure ; Q = isosteric heat of adsorption; 6 = degree
of surface coverage.

Plotting log p as a function of 1/T a straight line was obtained ; its
slope allowed the calculation of isosteric heates of adsorption (see Tab. 1).

Table 1
Isosteric Heats of Adsorption

Surface coverage 0 cm’Hj/g Tleat of adsorption Q

catalyst kcal/mol kj/mol
0.010 -2.90 - 12.13
0.015 -2.87 —12.00
0.020 -2.64 —11.04

0.025 -2.60 -10.87
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The small values of the isosteric beats of adsorption are in agreement with
those existing in literature [4], proviug that the hydrogen is weakly linked on
the solid surface and'can be removed by elution in isotherma? conditions.

3.3. Irreversible adsorption.of hydrogen. Cpinparing the volume of the hydrogen
adscrbed by | g of catalyst V®, with the volume of the hydrogen desorbed
in isothermal conditions,~¥a-,. Q»e can notice that V<® is smaller than V® at the
sanie working température (see Tab. 2). The volume of hydrogen adsorbed

irreversible, notedV", was defined as the gas volume which was not eluated .after
30 minutes of desorption 'at the working température.

Table 2

The N\, V?und V¥t Values at Different IVork Temperatares
Température, v V.1 Tt Vo Vat

cc cin’/g cm3f cmi/g i'Uplir

150 0.09123 0.02022 0.07101 0.02783

200 0.09123 0.03210 0.05913 0.02543

250 0.09123 0.04079 0.05044 0.01493

300 0.09123 0.04382 0.04741 0.01241

To confirm the fact that the irreversible adsorption is due strictlv to the
slow removing of the hydrogen at low coverages and not to the réaction of hydro-
gen with the oxygen atoms of the support, tests of thermal desorption were

carried out. The volume of hydrogen thermaly desorbed is V<it The thermal

des%pz)tl%n was realised bv beating the sample from the Worklng température
to

As one can see, the hydrogen cannot be completely removed cnen at this
température (see Tab. 2).

The irreversible adsorption of hydrogen could be explained by the existence
of some forms of activated adsorbed hydrogen on the catalyst surface. The hydro-
gen fixed on the surface by weak bondings is removed from the surface in
isothermal conditions, while the strongly bonded hydrogen can be removed only
at high températures. In some cases the slow desorption could be caused by a
mass — transpher plienomenon. It was observed experimentally that the
passing rate of the gas over the catalyst sample didn’t influence the desorp-
tion rate, which excluded this posisibility.

To establish which form of activated adsorbed hydrogen is involved in the
hydrogénation — dehydrogenation reactions on the Pd/A,O3 catalystsaturated
with hydrogen, samples of 10 gl cyelohexane and hfcnzene, respectively were
introduced. In both cases a cheniical reaction resulted, taking into accouut that
the brauch of the isotherm corresponding to the desorption lakcd from the chro-
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matogram. Ou the same sample the thermal desorption was performed, by heating
the sample at 400°C- We found the presence oi, hydrogen thermaly desorbed.
Tl is means that, in the hydrogénation — duhidrogenation réactions is involved

the weaklv bounded hydrogen, i.c. the hydrogen which was desorbed in isothermal
conditions.

The decreasing of the catalyst activity [2] when température rises from
150 to 400cC could be explained by the existence, at high températures, of irre-
versible adsorbed hydrogen which dosen’t participate in the benzene hydrogé-
nation and cyclohexane dehydrogenation.

3.4. Kinetics of hydrogen desorption. The desorption process wastreated as a
first order réaction and the conversion was calculated asthe ratio of the amount of
hydrogen desorbed in the time T and the total amount of hydrogen desorbed
in isothermal conditions at the working température. Because at 300cC the dif-
férences between the areas of the chromatogrphic peaks, recorded at high desor-
ption timus, are insignificant, the recordings at this température couldn’tbe
taken into account. It was also noticed that, atroom température,the catalyst
retaiired a live finies grater (5x1.08 cm3) volume of hydrogen t6 reach the surface
saturation. We considered that, at this température, the hydrogen was physi-
cally adsorbed on catalyst surface an the adsorption procesess was inactivated.

The results obtained allowed the.plotting of the kinetic curves showed in
Fig. 3. From the slopes of these lines the,-rate constants were calculated and
the values are indicated in Tab. 3. It can be observed a diminishing of the reaction
rate depending on time in isothermal, conditions.

If i g. 3. Kinetics plots per isothernial desorption of hydrogen froni Pd/AljO-, catalyst.



M.-STANCA et el.

Table 3

The Rata Constants Vaines and the Activation Eneruy

Température. Rate constant Activation energy
°C min-1 kcal/mol kj/mol

150 17.700-10-’
200 4.430-10-’ 125 52.28

250 0.875-10-*

Using the Arrhenius équation, the activation energy for the isotherma
desorption of hydrogen (EJ was calculated from the values of rate constant k
The value of activation energy of 12.5 kcal/mol confirais the fact that the
hydrogen desorbed in isotheraial conditions is weakly bonded onthe surf ace
of catalyst. The low value of the activation energy could also show that the
desorption rate could be controlled by diffusional or intermediary (kinetic-diffu-
sional) processes.

4. Conclusions. The cnergetics of the adsorption-desorption processes in
the H2 — Pd/AlaO3 System have been studied iu dynamic conditions using
the gas-chromatography. The hydrogen physically adsorbed, weakly bonded
and irreversible adsorbed, could be identified on the catalyst surface.

The weakly bouded hydrogen participates in the cyclohexane dehydroge-
nation and the benzene hydrogénation, while the irreversible adsorbed hydrogen
is responsible fot the diminishing of the catalytic activity when the température
rises in these processes. The volumes of irreversible adsorbed hydrogen ar
each working température were measured.

The activation energy of 12.5 kcal/mol ascertains the fact that the hydrogen
ges%r_bed in isothermal conditions is linked on the catalyst surface by weak
ondings.

The gas chromatography can be employed, with good results, in the fast
control of activity, poisoning and aging of the catalyst, at working temp ra-
ture, in the catalytic processes.
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INTERCALATION COMPOUNDS. Il. PHYSICAL
INVESTIGATION METHODS OF THE INTERCALATION
COMPOUNDS

GEORGETA TARALUXG.V, l.. PATCIU Cs. BOLLA»« and L. D. BOBOS

ABSTRACT. — Physical methods used for the research of the intercalation
compounds and some corrélations between the electrochemical performances
of lithium batteries and the structure of the host material are shown in this
review paper.

During the power delivery of the nonconventional galvanic batteries with
lithium anode, intercalation compounds by the insertion of the lithium ion in
the crystal lattice of the cathodic depolarisant are formed [1].

There is a strong marked corrélation between the electrochemical perfor-
mances and the crystal structure of the host material where has placed the
intercalation. The cyclability, the life as well as other characteristics of the
batteries are dependent on the lithium insertion degree.

o Among the methods used for the research of the intercalation compounds
there are

— microscopy

— X-ray diffraction, electron diffraction and neutron diffraction

— nuclear magnetic résonance spectroscopy aud electron spin résonance
spectroscopy.

1. Microseopy. The microscopical met-
hods have offered informations about the
constituent micrography, kind number and
their form about the sizes and their distri-
bution and about the lattice planes, as well
as about the different types of the struc-
tural defects. In accordance with the used
radiations (light, electron or ionic beams)
must be used the metallographic, electronic
or ionic microscope.
The metallographyc microscope dges not
have a very high resolution and cannot give
the conclusive information about the inner . . o L e MnOs ace.
structure of the intertcalation compounds, ty.gn- black and teflon particles into the
but it can offer data ou the granulometry MnO4 depolarisant

¢ Laboratory of Elccirocliemistry of Universily Babes-Bolyai Cluj-Napoca.
*¢ Physical Chemistry Dopt. of University " Babes-Bolyai* Claj-Napoca.
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and granulometrical distribution of the constituent particles of the cathodic
depolarisant [2]. Thus, the Fig. 1 gives the distribution of constitutive parts of
the depolarisant maded upof the magnessé dioxide, acétylen black and teflon.

Electronic microscope, relying on the propagated and focusing properties
of electron beam, is the only instrument wich permits the direct observation
of the isolated atoms, as well as the structural details [3,-6]. Thus, it can
observe the different types of the strucutural defects, phase transformations,
plastic deformations; defect interactions/interactions of the defects with impu-
rities, and the reactions on the surface, too.

The confinons improvements, bringing of the electron optics, led towards
the considérable incréments until 1()7 finies, the electron microscope becoming
the more efficient instrument for investigation the crystalline structure.

The electrochemical activity of the cathodic depolarisants from the lithium
batteries is strongly bound by the partide sizes of the constituents as well
as by the crystal structure. The intercalation phenomenon which corresponds
to the electromotive active reaction, is favoured by the presence or the absence
of the defects inner the host microstructure.

By means of scanning electron microscopy (SEM) could put onself forward
both the size of the cathodic cristallites, which must be by the order of the
microns aud structural details, bound by the lattice periodicity and the exis-
tence- of some defects of a vacancy type, which facilitated the intercalation
of the lithium ions.

One of the cathodic depolarisants from the lithium cells is the copper
oxide, which may present only two crystallographic modifications: the monocli-
nic and the tetragonal [7]. The structure of the monoclinic copper oxide
approaches that of TiO, (a rutile-type structure), which permits Li+ intercala-
tion and formation of the intercalation compound Li CuO [8].

The non-stoichiometric CuO has a relatively regular crystallographic lattice
and the lattice defects arc favourable for the diffusion of the lithium ions
The thermal treated stoichiometric samples about 400°C maintain some crys-
talline defects of the mosaic texture type with strains between crvstallites,
which allow a good interstitiel diffusion of the lithium ions, too [9].

In the figure 2 are shown two microphotographs of some CuO samples
obtained by means of the scanning electron microscope. The two samples were
prepared from the same copper powder: one by slow oxidation at about
400°C, when a mosaic texture is formed (fig. 2a, active sample), and another
by rapid oxidation at about 800°C when the structure is more compact
(fig. 2b, inactive sample).

Although the size of the crystallites is the same (~ 1 ;am) their compact-
ness, more pronunced than in the mosaic structure, détermines a lower
discharge capacity, approximately half that characteristic of the sample with
the mosaic texture. The thing is illustrated in figure 3, where the discharge
curves are shown for the two types of the CuO samples. Discharge was made
with a current | = C(/24 at 25°C (C: — theoretical discharge capacity). It
follows that the good electrochemical projierties of the CuO electrode are influ-
enced by both the sizes of the particles and the presence of the defects into
the crystalline structure.
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Fig. 2. SEM microphotographs of CuO: (a) — sample with mosaic texture
and (b) — sample prepared at a high température (800°C).

11— Chemia 1—2/1993
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Fig. 3. Discharge curves for CuO cathodes: (a) with mosaic
texture, (b) — with high compactness.

The transition métal dichalcogenides have layered strucutures and the
most studied System is titanium disulfide. The compound is nonstoichiometric,
the excess element found in the ,van der Waals” layer and it steadies the
compound, but the following intercalation will be more difficult [10, 11].

F ig. 4. Microphotograph of a single crystal of TiS2 which contains
intercalated lithium.
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The produet of the intercalation, Li/TiS4 appears during the discharge on
the secondary galvanic cell Li/TiS4& The diffusion of the lithium ions takes
place only in the “van der Waals” layer which binds the TiS2 Sandwiches [b],

Chianelli [12] has succeded in obtaining of a single crystal of TiS2 with
intercalation lithium ion by the electron microscopy the micrography (fig. 4).

2. Diffraetometry. In spite of the performances obtained because of a
high resolution (under 1 A), the microscopical methods generally remain a
qualitative investigation method of the structure of the intercalation compounds.
Among the quantitative methods count the diffractometral methods as: X-ray,
electron and neutron diffraetometry.

These methods offer up the quantitative data about the internai struc-
ture, as well as the characteristic sizes of these structures [13]. It is a matter
of the symmetry of the crystalline lattice (crystal unit cell) and characteristic
parameters of the lattice, as well as about the position of the atoms in the
unit cell.

X-ray diffraetometry uses the radiations having the wavelenght of about
1 A, by the order of the size with the dimensions of the atoms. The électrons
from the placed atoms in the lattice modes can scatter partly or totallv X-ray
radiation with the same frequency with the incident.

Therefore, the lattice planes of the crystal have a reflection properties
for X radiation, while the crystal as a whole, has a diffraction property of
the incident beam, plying the part of the diffraction grating.

Through the interférence of the reflected rays by the atomic planes, the
emergenced rays will be intensified if the optical path différence, 8, in accor-
dance with the Bragg relationship will be a integer multiple of the wavelenght, X :

8§ =2dsin0=nX, (n=0, 1,2...) (1)

where d is the distance between the lattice planes, and 0 the scattering angle
of the radiations. The Bragg relationship is available only for X < 2 d.

Because of the wave nature of the electron, the propagation of a electron
beam is équivalent to the propagation of associate waves, which can diffract
into the crystals. The wavelenght of the de Broglie wave associated to the
electron, is given by :

h
V2iuoeU

where Il is the Planck constant, m0 — electron mass, ¢ — unit charge and
U the driving potential. At a driving potential of 100 kV, usually used in
the electronography and the electron microscopy, it has obtained X = 0,037 A,
therefore a value of the range of the little interatoinic distances, much smaller
than that of X-ray.

The obtained results by the X-ray diffraction have remained available

with the some specific features for the electron diffraction [6, 13—16]. Thus
unlike the X-ray, the electron beam is scattered both by the atomic électrons
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and by the nudei of the sample. The advantage of the electron diffractonictry
consists in the fact that method, unlike.X-ray diffractonictry, a very short
time is rcquired for the obtaining of the diagrams.

For the investigation of the very thin samples lias used the thermal neutron
diffraction, with energy E < 1 eV and with de Broglie wavelenght of about
15 A, therefore comparable with the sizes of the atoms [16, 17].

The neutron diffraction distinguishes the isotopes of the same element
and established the distribution of the atoms, into the unit ccll, electron den-
sity, texture of the matcrials, crystalline defects and magnetic structure of
the matcrials, too.

Betwecn the electrochemical jierformances of the lithium cells and the
crystalline structure of the cathodic depolarisants is a strong relation. The
cyclabilitv and the lile time of these galvanic cells are also dependent on the
structure of the intcrcalated compounds formed during the discharge.

Ikeda et al. [18—20] esta-
blished the necessary thermal
treatment to obtain crystalline
MnQ? favourable to lithium ion
intercalation for the prvmary
galvanic cell Li/MnO2. The beha-
viour of heat treated MnO? has
been cxaminated by using elec-
trochemical and analytical tech-
niques and has been explained
by ignoring the crystal struc-
ture of cathodic depolarisants
[21-23]. Ohzuku et al. [24 -25]
througli X-ray diffraction mea-
surements have brought some
explanations about the réduc-
tion mechanism of MnO?2 in cor-
rélation with the structure of
the crystalline lattice.

It is known the crystal
structure of the intercalation
compounds Li MnO? is the same
of manganése dioxide, which is
formed by the hexagotially close-
packcd oxygen layers, existing
two types of Symmetrie centers :
octahedral and tetrahedral sites.
Half of the octahedral sites are

A AEai occupied by the manganese ions,

20 (deg"FeiQ but tI1ithium riloras a}re intcEcaIate?

i : . in the tetrahedral sites [26, 27
Iyt Mo, b & 3000 b < Jeoe e e 30000, The octahedra of MnOe can
d — 350"C,; e — 400°C and f — 450°C. form the simple rectilinear layers
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Fig. 6. Discliarge curves
of KMD: a — 200°C;
b — 250°C; ¢ — 300°C;
d — 350'C; e — 400°C
.and f — 450°C.

with /1 x 1/ rutile-tvpe structure, double layers with /1 x 2/ ramscj"lite-type
structure or even triple layers with /1 X 3/ —type structure, the last resulting
by the superposition of the first two structures. The intercalation compounds
la MnO2 with a rutile-tvpe structure have the tetragonai" imit cells, .with the
lattice parameters a = -1.9 — 5.0 A, b =495 A and ¢ = 2,85—2.86 A. In the
case of ramsdclitc-type structure, the unit cell is orthoromblc in faet it is
formed from two tetragonal sublattice with the parameters a=2x295A;
b=495A and ¢ — 2:85 A. ;d r

Figure 5 showsthe X-ray diffractional diagrams (XRD) of the some electro-
lytic manganése dioxide (EMD) which was treatcd thermally at several tempéra-
tures, for 7 days. It has been found that ail the samples have six diffraction
lines with diffraction angles of 20. With the increase of température, only
the lines corresponding at 28° <20 <44° will be modified, the other thre-e
main diffraction lines at ca. 47.5°; 54.7° and 73.6° in 20 remain unchanged.

These modifications of the first diffraction lines, which appear when MnO?2
was heated at elevated température, are also reflected in the electrochemical
parameters of the cells. Thus, to ail appearances from figure 6, where the
discharge curves are illustrated, the prepared samples at higher températures
correspond to a lower working voltages and to a larger voltage plateau ; the
curves were drawn at 0,1 mA/cm2 Exception was made the treatcd electrolytic
manganése dioxide (EMD) sample at 450°C (curve /), which had both the
lower working voltage and lower discharge capacity. Likely, this matter can
be cxplained by the fact MnO? was contaminated by Mn203

The roentgenograms of the intercalated Li MnO? products, which resulted
in the cathodic réduction are presented in figure 7. The discharge was made
until Q = 250 mAh/g discharge capacity. It lias been found that the interca-
lation compounds of MnQO2 thermal treatcd at several températures, have
6—8 main diffraction lines. From these. five lines have been found in the
sanie place at 46°-47°, 51°-52°, 66°-67°, 82°-83°, 85°-86° in 2ft angels
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Fig: 7. X-rav diffractograms of intercalation Fig. 8. X-ray diagram charges of Li MnO, by
compounds 1,i MnOs: a — EMI) (200°C) ; b — EMD oxidation.
(250°C);c — EMD(3°0°C);d — EMD (350°C) ;e —
— EMD (400°C and f- EMD (450°C).

and were had approximately the same relative intensity. On the hasis of
X-ray measurements, were calculated the parameters of the unit cell, and were
found approximatelly the same values for the all dischcrge products ; this fact
suggcsts that the intercalation compounds have about the same crystalline
structure, unlike the MnO., samples used.

The intercalation réaction of lithium in MnO? lattice takes place in a
homogenous phase, which suggests the cell rcchargeability through an oxida-
tion <action. Figure 8 shows comparativelv the roentgenograms ofthe intercalated
compound, obtained from the rcduccd FDM (250°) at 245 mAh/g depth of
discharge (curve «)as well as the diagrams of two intercalated products which
were oxidated during the recharged process of the cell. The pattern (ft) was
Li MnO2 sample at 148 mAh/g state of discharge which was formed by
232 mAh/g of réduction, followcd bv 84 mAh/g of oxidation. The pattern (c)
was Li, MnO2sample at 74 mAh/g formed by 233 mAh/g of réduction, followcd
by 159 mAh/g of oxidation.
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As can be scen in figure 8, the intercalation compounds have six main
diffraction lines, which were shifted toward higher diffraction angels, 20, with
oxidation degree. The shape and intensity of the spectral lines suggest that
a/l X 2/-type structure prédomines in the LixMnO2 matrix, with a orthorombic
unit cell. The reaction nicchanism of TirMnO2 in the rechargeable region was
shownto be a homogeneous-phase reacticn in 1,irMnO2 matrix, with the lattice
Parameters a = 9.7—10.3 A, b — 4.7—5.0 A and ¢ — 2.82—2.85 A, which aniso-
tropically shrinks and expands during the oxidation and réduction, respectively,
within 10'% unit cell volume.

The diffrerenee between these three /1 X 1/-, /1 X 2/-, /1 X 3/-type struc-
tures, which have the same hexagonal close-packed oxygen matrix, is dueto
the distribution of manganése ions in the octahedral sites. The regular distri-
bution of one l'ourth of Mn4 r at octahedral sites in a ramsdelite-type structure
couverts this structure into a /1 x 3/-structure, and the regular displacemcnt
of one fourth of manganése ions in a /1 X 3/-structures converts this structure
into a rutile-type structure. The precis location of manganése ions in these
structures only by the neutron diffraction can be obtained.

A diagram of rutile-type structure, which was obtained by neutron difrac-
tion, in figure 9 is shown. The diffractogram contains five main diffraction
lines, whence the line at 47.8° in the 20 diffraction angle, has relatively a
reduced intensity [28].

2Q(deg)

Fig. 9. Neutron diffractogram of R-MuO:.
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Also, from the neutron diffraction measurements can be determined at
what température appear Mns+ ions in MnO2 This deed is very important to
establish the right thermal treatment of electrolytic manganése dioxide.

3. Speetroseopy. The radiospectroscopical methods rely on the intrinsec
properties of the electron, nucléus and otlier particles which are characterized
by mass, charge, impulse moment and magnetic moment. These particles inter-
act with the externai fields (electric and magnetic) and thus take place to the
phenomeny of energetical absorption, whence can be established the kind of
interactions, tlie type and the characteristics of the interatomic bonds, the
chemical structure etc. [5, 13, 16].

Among the radiospectroscopical methods the most frequent utilized in the
research of crystalline structure are nuclear magnetic résonance (NMR) and
electron spin résonance (ESR).

From the NMR point of view, the movement limitation at the microsco-
pical level into the solids have two main conséquences. In the first place,
because the magnetic field, produced by the magnetic dipoles, is steady, the
NMR spectras of solids are move broad than these of liquids. In the second
place, the spin-lattice relaxation time TIt habitually is more smaller for the
solids, because the fluctuations of dipole magnetic field, through which the
spin-lattice relaxation was realized, have a more smaller amplitude. Conse-
guently, the solids are characterized by the spin-lattice relaxation times more
greates than the spin-spin relaxation times T2, which are inversely propor-
tional to tlie width of signais.

During the discharge of lithium cells having transition métal dichalco-
genides as depolarisants were formed the Li,.MS2 intercalation compounds.
The intercalation of lithium ion takes place by diffusion only in the van der
Waals layers, there being no significant mobilitv through the sulfide layers.
The lithium ion can be occupy the octahedral/tetrahedral sites or trigonal
prismatic symmetry sites, remaining unoccupied by the transition metal [29, 30].

When the diffusion takes place through octahedral and tetrahedral sites,
the released energy which accompaines the occupancy of one tetrahedral site
is considérable lower than the realised at occupancy of one octahedral site.
Generallv, the released middle energy at the occupency of the one octahe-
-dral/tetrahedral site is more smaller than that released at occupancy of one
trigonal prismatic site (fig. 10) than in the case of prismatic trigonal sites.

b
I | |
PT PIr PT

I"ig. 10. Energy profiles of Li+ ions in the two coordination types.
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The différence of the activation energy should diininisli as the suliidé
layers are separated and ail the sites increase in size. The situation is more
complicated when in the host cristal inter simultaneously different structures
of trigonal prismatic or tetrahedral/octahedral type there are. In this case,
during intercalation, the diffused species must cross the boundaries which sepa-
rate these domains [31—332.

Experimental studies of lithium diffusion in TiS2 are limited enough. By
the NMR measurement have been determinated the variation of the spin-lat-
tice relaxation time as a function of the applied frequencv (fig. 11) for the

Fig. 11. Spiu-lattice re-
laxation time at L.i 'inter-
calation in octahedral sites.

intercalated lithium ions in the octahedral sites. From these measuremtnt were
calculated the diffusion coefficient as being by order of ~10“9 cm2/sec, as well
as the activation energy of ~30 kj/mol for x = 1.

In the figure 12 the variation of the 7Li Knight shift as a function of
the lithium intercalation coefficient, x, in the Li, TiS2 compound in shown.

Fig. 12. Knight shift of
LhTjSj as a function of
lithium content.
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The very small values of the Knight shift, 3—12 ppni compared with 240 ppm
in lithium métal, show that the lithium are cssentjally ionized, but that the
degree of ionization decreases slightly with increasing lithium content.

The variation of the quadruple coupling constant as a function of the
lithium content (fig. 13) gives also information about the ionization degree of
lithium, an important role playing the more pronounced deformation of the
occupied sited by lithium ; the deformation increases from octahedral to trigo-
nal prismatic symmetry.

Fig. 13. Quadru-
pole coupling con-
stant as a funct oa
of lithium content.

The NMR transitions of 7Li and diffractional measurements of the lattice
expansion in the c-axis have revealed a total transition of 2s lithium electron
to the orbitals of the host material, with the forming of a single homogeneous
phase with the general formula bi,TiS2, where 0 < x < 1. The existence of a
single phase increases the electrode sability and suggests its utilization as
secondary, rechargeably cells.

4. Conclusions. The pliysical investigation methods, which were mentionod,
can give the requisite information about the physico-chemical properties, and
implicitly the electrochemical properties of the intercalation compounds.

Thus, by microscopy can set off the size of the component particles of
the insertion products, as well as the structural details which are tied to
lattice periodicity and by the existence of some deffects, which allow the inter-
calation of lithium ions.

The quantitative informations about the crystalline structure can be much
accurate obtained by diffractometral measurements. By this way the symmetiy
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of the crystalline lattice, the lattice parameters can be determined and the
position of the atoms in the unit cell. By the thermal neutron diffractometry
the température at what appear transition metal ions can be established, which
modify partially or even totally the crystal structure of the host metarial,
and, mmplicity of the interclalation compounds.

The radiospectroscopical methods give information about the kiud of the
interactions, type and characteristics of interatomic bonds. NMR measure-
ments can pursue the diffusion phenomenon by which takes place the lithium
intercalation. It has found cxactlv the lithium position in the lattice host
mate(rjial and the concentration of the lithium ions in the intercalation com-
pounds.
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CONSIDERATIONS CONCERNANT L’ECOULEMENT DES PHASES DANS
LE ROTOR DES CENTRIFUGES DE SEDIMENTATION. IMPLICATIONS
FONCTIONNELLES

CAIJX AXGHEL» et VIOLETA AA’GHEL**

RESUME. Ces considérations se constituent comme une corrélation directe
entre les conditions de sédimentation (diamétre critique des particules, trasé
limite, débit de suspension etc.) et les caractéristiques géométriques du tam-
bour de sédimentation. Les déductions concernent seulement les centrifuges
de sédimentation a flux intérieur de suspension. En accéptant I'idée de la circu-
lation en couche mince marginale, on traite la sédimentation des particules solides
d’une suspension, dans un tambour d’une forme quelconque, en présence du
frottement de glissement entre la phase solide et le tambour. Les déductions
théoriques seront particularisées pour deux types de tambours usuels.

1. Généralités. Dans la littérature de spécialité, I'analyse théorique et ex-

périmentale de la sédimentation dans un champ centrifuge connait une grande
diversité de points de vue.

Pourtant, il y a des lignes communes dans I'analyse du phénomene, les
différences provenant premierement, du modele physique choisit et des hypo-
théses de calcul. Indépendant de tous ces il y a deux conditions fondamenta-
les bien distinctes dans l’analyse du processus:

a) Les particules solides de la suspension avec une distribution uniforme
dans I'éspace annulaire de liquide du tambour ont une trajectoire de sédimen-
tation avec l'origine dans l'intérieur de cette zone.

b) Les particles solides de la suspension ont une trajectoire de sédimen-
tation avec l'origine sur la surface intérieure de I'éspace annulaire de liquide.

Les deux suppositions, généralement acceptées, conduissent a des résultats
théoriques de fonctionnement bine supérieurs aux résultats constatés expéri-
mental. Pour atténuer ces différences, beaucoups déhommes de recherche ont
introduit, a base des expérimente éffectués pour typo-dimensions, des fact urs
de correction empiriques afférents aux relations théoriques. Parce que ces fac-
teurs n’indiquent pas les causes générales d’incorrélation, en effectuant une
correction globale, les hommes de recherche ont dévéloppé les études théori-
ques confirmés expérimental [3, 4, 5, 6, 7], par conséquent il y a une troisiéme
condition fondamentale dans I'analyse de la sédimentation dans le champ centri-
fuge :

c) La sédimentation se produit en couche mince, dans la zone marginale
du tambour.

Les théories élaborées en partant de cette condition conduissent a des
résultats théoriques inférieures a ceux expérimentalement obtenus avec seule-

* CTwitt Cluj — Faculté de chuinte.
*e Farmec, S.A. — Cluj.
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ment 10—15%, en assurant aussi une motivation palpable aux différentia-
tions. Grace au caractére générale des résultats obtenus a base de cette troi-
sieme condition (la condition c), les considérations qui suivent sont basées
sur cette condition fondamentale. Pour I'élaboration du modéle physique du
processus qui sera analysé nous introduisons les hypotheses simplificatoires

suivantes : _ X _ o
— la suspension est homogéne, avec des concentrations volumétriques

sous 5—10%, en état d’écoulement laminair en régime stationnaire. (Dw/I)t =
= O)

— la suspension est considérée comme un fluid de viscos.té normale (t, =
= et) et incomprésible (p — et et div. w — 0)

— le gradient de pression dinamique est relativement néglijable en com-
parraison avec le gradient de pression statique.

— les particules solides ont une forme sphérique et ils ne supportent pas
des modifications de forme et des agglomérations.

— la sédimentation individuelle est considérée réalisée aussitdt que la
particule touche la parois du tambour.

— on néglige l'action des forces Coriolis et d’inertie sur le e particules.

Pour déterminer les conditions de sédimentation (diametre limite, vitesse
de sédimentation, trajet etc.) en corrélation directe avec la forme géométrique
du tambour et des interdépendences de mouvement, dans le cas plus complexe
d’un tambour entiérement occupé avec un flux de suspension, on analyse les
implications dans un cas général d’un tambour matérialisé physique par une
zone d'enveloppe de révolution pour laquelle on obtient la surface moyenne
par la rotation d’une courbe quelcorque Ci, autor de l'axe Oz.

A mentioner que l'analyse des écoulements, de la sédimentation etc., est
considérée pour une seule section de passage, par rapport au systéme des co-
ordonnée cartésien xOzy ou cylindrique, z, 0, r.

En matérialisant la séction de passage par deux génératrices G, e C2
(fig. 1) et en considérant A, A2 les points limite d'entrée de la suspension,
respectivement, Bl( B2 les points limite de sortie de la suspension, la distance
h=h(a) ou h=h(x, r) qui exprime la séction de passage peut étre eécrit

h=c cosa ()]

2. L’écoulement des phases dans le tambour. Parce que I'analyse du processus
a lieu dans les condition de I'écoulement en couche mince marginale on tient compte
des preécisions publiées en domaine. En ce cas, une particule aura théoriquement,
trois posibilités de déplacement dans le tambour qui se trouve en mouvement de
rotation . dans la direction radiale (la direction Ox ou Oy or r), dans la direction
tangentielle (la direction 9) et dans la direction axiale (la direction Oz). Donc,
on peut définir la vitesse absolute de cette particule :

w=wr + w, -I- w0 + celr (2)

Parce que les recherches [5,6,7] ont montré que I'écoulement radiale est prati-
quement nule, en s'atténuant rapidement au longue de 10—15% de la longueur
du tracé de sédimentation, pour un mouvement rélatif uniforme de la suspension
de corp rigide, on peut introduir les simplifications:

w, ~0; b—2=const.; -2-=0 @
dt dts
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Dans les conditions des hypotheses initiales et dtS ceiis. précisées ultérieur,
les écuations d equilibre dinamique Navicr-Stokes sont particularisées sous la
forme: '

* pF — Vp 4- 0 " ' 4)

Parce que dans un champ de forces centrifuges, quand at -- rel- > g, les forces

de masse F d’action sur la particule peuvent étre approximées, sans introduir des
grandes erreurs, a l'expression: . >

| I F-F,

Le mouvement résultant du couche marginal de suspension a lieu pratique-
ment dans la direction de I'axe Oz, donc en projetant sur I'axe Oz I'équilibre
exprimé par la relation (4) on obtient

Z-3J =0 (5)
p ez
respectivement,

relation qui permet & supposer que le gradient de pression statique de la couche
marginale est la force motionelle de I'écoulement.

Dans des coordonnées cylindriques, I'expression (6) est la suivante :

-5 =0T (7)

Pour I’écoulement uniforme de la suspension, en généralisant la solution pré-
sentée dans la litérature [4,5] on obtient I'expression de la vitesse d'écoulement
sur la couche marginale :

IF,=— ® - 1 s=h - 8)
12 . r* ~ra
K — pbi?/3TE
L=z2—12t

couche marginale délimitée par les rayons fa et fo (fig. 3).

De I'expression de lavitesse d'écoulement, résulte une variation parabolique
sur la séction de passage, variation confirmée par plusieurs sources bibliographiques
[3,4,5,6]. Aprés I'interprétation des expressions au-dessus,le rapport des vitesses
caractéristiques sera:

W =norr

Parce que la vitesse moyenne d’écoulement par une section de passage gel-
conque Al peut étre exprimée:

W, kh

A ©)
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Fig. 3. La condition déquilibre vectoriel des forces qui actionnent sur la partiéul e

on peut écrire pour une section d’un rayon quelconque, en rapportant a la
superficie effective de passage (fig. 4):

Qi = ou = 0,42 KsWi (10)

3. 1n sédimentation des particules dans le champ centrifuge. Plusierurs
études traitent le probleme de la centrifugation d’une maniére restrictive, en
isolant les particules solides de certaines interactions. Au-dessous, en partant
des précisations antérieures, nous corrélons la sédimentation avec le profil du

tambour, respectivement, le facteur de frottement p, de la particule solide
sur la suiface du tambour (fig. 4).

Theoriquement, le trajet limite de la particule solide peut se dérouler
entre la marge inférieure du plateau, le point  (xl( zj et la marge supérieure
du plateau limitrophe, le point B (x2, z2).

Le forces unitaires, rapportées a l'unité de volume qui agissent sur une
particule quelcorque, M, sont:

Fcm — force de masse apparente, F — force de frottement de la parti-
cule, F, — force de résistence hydraulique.

En considérant un flux laminair avec la sédimentation dans le domaine
Stokes, nous pouvons préciser:

Re — a‘d 4 "d’ o dr

— « ==---

4 4 Re dt

— Chemia 1—2/1993
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respectivement, les composantes des forces unitaires, dans les directions carac-
téristiques :

= Apr-ee2-cos a
FAn = Apr-w2-sin a
Fr = 3rcr;-d-u (11)
Ff = r(Apr-0>2-sin a
En acceptant pour I'évaluation quantitative du processus de sédimentation,
le calcul avec la vitesse moyenne de sédimentation, considérée comme I'espace
parcouru par la particule au milieu du trajet limite, rapporté a la durée de

sédimentation et comparable avec la vitesse longitudinale de la couche écou-
lante, wm » WIim, la force de résistence hydraulique devient :

F = (12)

7td‘rh

La condition déquilibre des forces qui actionnent sur la particule au
moment de la sédimentation (exprimée par vecteurs),

FOT+ F( +Fr, =0 (13)

projetée dans la direction t, tangentielle au profile générateur du tambour,
devient :

N=FFf+Fr, (H)

En effectuant les substitutions correspondantes, on obtient :

r2(cos a — gsin a) = p— (15)
Oou :

r2(cos a — gsin a) =
ou:

B =_9n (16)

Si on exprime les- fonctions trigonométriques, sin a, respectivement cos a,

par des é€'éments différentiels on obtient la condition d’équilibre des forces
sous la forme :

r(l —uy) -BOl1 +/) =0 (17

4 pw’c-d* (18)
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L’interprétation des expressions (17) et (18) permet la précision des con-
ditions de sédimentation: la vitesse de sédimentation, le diamétre limite, le
trajet de sédimentation etc. L’interprétation peut étre réalisée sur les expres-
sions généralisées (17), (18), ce que conduit a des formes compliquées, ou en
particularisant pour des types concrétes de tambour, ce que représente la vari-
ante la plus convenable.

L Démonstration par la méthode de particulariser. On analyse deux types
usuels de tambour édificateurs pour les extremes du cas generalisé.

4.1. Le tambour cylindrique
L’écuation de la ligne génératrice pour le profil cylindrique,

- +r=1 (19)
Si on impose que les génératrices soient paralele avec l'axe Oz, on peut
écrire :

— pour la courbe (C): x = R
— pour la courbe (C2): x = K2

Parce que: a = 90°, z = Hr = const., I'éxpression (17) devient :
r—-Bj=0
C = (R2-Rtf (20)

relations qui permettent d'expliciter rapidement les dimensions caractéristiques
de sédimentation. Par conséquent le diametre limite de sédimentation d'une
particule qui se trouve au rayon courant, “r”, dans le flux de suspension sera

2P

Concernant le trajet de la particule qui sedimente, il peut étre établi en
introduisant I’hypothese de I'égalité entre la vitesse d'entrainement de la sus-
pension et la vitesse d'écoulement axial (quand la particule commence a flot-
ter) :

Ko Us (22)
ou .

Wz = ; respectivement, Us —

En interpiétant selon la méthodologie de la littérature on obtient le
trajet .

— ' i (sO 1
20 - 1 [% 1) 23)
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4.2. Le tambour conique. L’équation des lignes génératrices du profil coni-

gue passant par deux points An, Al2 ou A2l A2, aura I'exression :

X
xt *1
Xi  xi 1
En notaut:
k=tga= P le coefficient angulaire

AUAIg = LT, la longuer du tambour

et en supposant J1ln sur l'origine Ox du systeme de référence, donc
I’équation (24) devient :

z=(r-EJ 'Y9°

R, — Rl
ou
7= — EJIB}
ou
B3 bTtg « _ —tg a
R,-R,

En revenant dans la relation (17) on peut obtenir:

1+ BT |
(I — HB)

:0,

(24)

(25)

(26)

(27)

relation qui permet d'expliciter rapidement, dans le cas considéré des dimensions

caractéristiques de sédimentation. Aifisi, le diamétre limite sera:
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Relativement au trajet de la particule qui sedimente, par un raisonnement
semblable & celui du cas antérieur, on obtient:

ou !
m=—,; W— ;z—le trajet de la particule.

L’équation différentielle du trajet de la particule dans le plan 2v, Z,,:
dz dr

«S ‘tr
Conformément avec et le sens des axes de coordonées on peut écrire

u=-Ww, +
. (30)
= W,

En substituant dans (30), ou obtinent:

ar* — ctg a
ou (31)
2ncusAph =0
K, 1 Qxsia a
En intégrant (31), on obtient:
7= - 1"_ l¢ & actga (32)
2-Jactg a ar 4- actg a

L’expression (32) détermine pour la particule, un trajet logaritmique.

En réalisant I'intégrale définie entre les points Au (d’entrée de la suspen-
sion), respectivement Ar3 (de sortie de la suspension), on obtient le trajet défini
pour la particule qui a la dimension ,,d”:

71 i aRa — yactg a aRt — ctg a

(33)

2 -Jactg a aR. 4-\uctg a aRj 4”"Vnctg a

Conclusions. — En acceptant I'hypothése de la circulation de la suspen-
sion en couche mince marginale on obtient, par I'analyse des relations (22),
(24), (28), (32), la confirmation théorique mais seulement pour des angles a ~90°

—c'est le cas concret d’un tambour cylindrique. L’écoulement n'est pas dépendant
du coefficient de frottement.
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— Pour le tambour coniuge, a < 90°, I’écoulement marginal est perturbé.
Dans la zone de turbulence Sn s’installe un contre-courant de sédimentation
simultanément avec l'entranement des particules désposées sur laparoi. l.a
dépendance théorique entre I'écoulement et le coefficient de fronttement (28),

(32) a été constantée expérimentalement avec certitude. [1; 5,6]

— L’écart constaté [3,5,6] entre Q,¢ et Qel, oscille autor de 15%, est main-
tenu en outre a I'évaluation de la relation (10) et peut étre expliqué, dans une
premiére approximation, par linterférence des écoulements radiais et axiales
du tambour avec ceux tangentiels de vitesse, Wer. Ces interférences on été
négligé dans le calcul. L’écoulement est influencé fortement du mode d’alimen-

tation de la svspersion.
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NOTE DE CERCETARE

ON THE RING ANGLES IN THE FOUR-MEMBERED
CYCLODIPHOSPHAZANES.

10.\N SILAGHI nhi'MITRESCI' und IOAHL HAIDUC

In a recent study on tlie cis-trans isomerism in cvclodiphcsphazanes [1] 1
we noted that the calculated PNP angle is always larger than 90° while the NPN
angle is smaller than 90°. It seems that this is a common feature to ail these

rings and can not be changed bv the substituents on phosphours or nitrogen
[2-17]

R?
Z N\
R3P IPRY4

\NZ
RI

|

An earlier explanation of the small angle at phospliorus stated the repulsion
between the phospliorus lone pairs [3a] and the PN bond electron pairs. Note
however than in {SOLCp 2PN(LBu) ]2 where [17] the electron pairs of phos-
phorus are engaged in bonding with the organometallic moiety, the NPN angle
is still smaler than the PNP angle and electron pair repulsion can hardly be
advocated. Moreover, the angle at silicon in ciclodisilazanes [18] where no electron
pairs at Si is also smaller than 90°.

We propose here a simple explanation of the diamond shape of the P2N2
emerging from MNDOJ[19] and EH[20] molecular orbital calculations.

We start from a naked P2N24-ring with a perfect planar structure. The mo-
lecular orbitals of this system (shown in Figure 1) are just the heteroatomic
relatives of the corresponding Walsh orbitals of cyclobutane [21, 22] and the
highest occupied ones can be also related to the valence orbitals of cyclote-
traphosphane [23].

Since the 5 system will mainly determine the shape of the actual ring, we discuss
it in some detail. Also, the different weights of various atomicorbitals seems
to be counterintuitive and it is notable that the HOMO of this system has
a greater contribution from the nitrogen p orbitals (initialy lower in energy
than the corresponding phosphorus orbitals) than from the phcsphorus orbitals.

First observe that the bare ring can be elongated along the P. . ,P or the
N. . .N axis (2) ;

¢ Deparmeai of Chemistry, Bnbs”-Bolyai Universiiy, R-3100 Cluj-Napoca, Roumanie,.
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Smaller than 90° in (2a) and gre-
ater than 90° in (2b) angles at
phosphorus are thus displayed. The
t: Orbitals of these rings constructed
froma P...P and N.. .N fragment
(Systems calculated for the same
PN bond length 1.69 A — by the
Extended Huckel method) are
given in figure 2.

The P. . .P distance of 2.53 A
(typical for the real Systems) enab-
les a quite good overlap across
the ring (S =cca 0.1) in 2a and
the Splitting of the (+) and (—)
combinations of the phosphorus pz ¥
orbitals is greater than 2 eV.
Though the N...N distance is

shorter than the P...P distance, P F<53 A bt a
it is still enough large to prevent
an appréciable N...N ir overlap- Fig. 2. The - orbitals of P,N2'~ system.

ping, so the Splitting of the nitro-
gen p orbitals is only of the orde of 0.2eV. Consequently the phosphorus
P combination falls at a lower position than the nitrogen N+ combination.
The interaction of P with N gives the bonding r. mo which has a greater
contribution from phosphorus (silice it is doser to P+) and the antibonding
—* in which the weight of the nitrogen is higher (silice it is doser to N). As
the P...P distance in 2b is smaller than in 2a, the P.. .P overlap is higher and
the Splitting of the phosphorus P and P- combinations is larger than in 2a.
This meansthat P+ of 2b falls at lower energy than P ' of 2a and P~ of 2b lies ab-
oie P" of 2a. When ail orbitals are occupied as happens in the real compounds
the P of 2b being higher than the PV of 2ait is more destabilizing and the ring
will open the angle at nitrogen by approaching 2a. In othcr words the trans-
annular interaction between the orbitals on phosphorus is stronger than that
between the nitrogen and this makes the NPN angle smaller than the PNP angle.
A naked cyclodisilazane ring Si2N2 has the pseudo 1 orbitals similar to those
depieted in fig. 2. Considering that the substituents will not change too much
the relative compositions of these orbitals, the shape of these rings can betraced
also to the large séparation on the P+—P* combination of the more voluminous
éléments and conscquentlv smaller NSiX than SiNSi angles are to be expected.

.Vkiiowledyemrnt. TSD is grateful to professer Rolf Gleiter for his hospitality in Heidelberg where
the reported calculations have been carried out.
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CRONICA

The 41l International East-Confereuee

The 4. International EAST-Conference will be Feld in Schwaebisch Gmuend on November
18—19 1993 under the subject ""New Materials and Technologies in Surface Finishing for Better
Corrosion and Tribology Properties™.

The main topics of the Conference will be:
— ECD—Technologies, hard chrom incoatings, dispersion Coatings
— PVD/CVD—Technolog es for hard Coatings
— Applications in industrial practice
- motor and mechanical engineering
— automobile industry
— electronic industry
— mining
— Model Systems for material testing
— Surface interactions in medical application

Deadline dates for papers:

April 15, 1993 — Deadline for Submission of abstracts (400—500 words)

May 15, 1993 — Notification of acceptance of papers

August 15, 1993 — Deadline for Submission offinai papers for publication inthe EAST-Report.

(Ironien EAST. 1. Since its foundation in autumn 1989, EAST coopérates closely with the
American Elcctroplaters and Surface Finishers Society — AESF.

The American E ectroplaters and Surface Finishers Society, Inc. is the largest international,
Professional soe'ety serving the surface finishing industry. With over 8,500 members and 86 bran-
ches, one of AESF's primary objectives is the transfer information about surface finishing techno-
logy troughout the wo Id.

AESF sponsors two major Conferences and exhibits each year, SUR/FIX and AESF Week
the major winter event. Attended by thousands of industry Professionals, SUR/FIX offers the
latest technical developments as well as hundreds of exhibiting Companies with the newest
and best equipment and supplies on the market. It is the largest surface finishing Conference
and exhibit in the U.S.

Plating & snriace finishing, the journal of the AESF, keeps readers up to date with the
latest research, trends, and developments, the newest equipment, products and processes, and
the better ways to do things in the widelv diversified and rapidly changing surface finishing
industry.

For more information contact the AESF at:
American Elcctroplaters and Surface Finishers Society
12644 Research Parkwav, Orlando FL 32826, USA
Tel. + +1-407 — 2816441
Fax + +1-407-2816446

2. The Centre of Advanced Electroplating — CAG in collaboration with EAST will organize an
""European Congress on in situ STM/AFM” in February 1994, in Kopenhagen.

Main objectives dealt in this meeting will be: Electrochemical déposition of metals on
ordered metal surfaces by underpotential and overpotentlal déposition, electrocrystallization
participation of additives in the everlayer growth, déposition of metals by puise plating, spec
troscopy, déposition and indentification of small organic molécules, déposition of large organi
molécules and biological substances, equipment, hardware and software, as well as theoretjcal

fundamentals.

9 European Acelemy of Surface Technology
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Interessents in further informations contact :

Br. Per Moller

CAG

The Technical University of Denmark
Building no. 425

DK —2800 Lyngby

Tel. ++45-45-931222

3. The 14th International Exhibition on Surface Treatments and Industrial Finishing (SIST 93)
has been held in Paris from March 29 to 2 of April. In an area of 28,000 m2, 500 exhibitors
comingfrom 13 countries have presented the last developments in the field of surface tehnology.
The most important sectors concern the cleaning and the préparation of surfaces, then metal
déposition and painting. The main théme of this exhibitions has been devoted to the protection
of environment and the prévention against pollution. A spceial issue of ""Galvano-Organo” con-
cerns this event.

4. News of DGO. The DGO — Deutsche Gesellschaft fur Galvano- und Oberflachentechnik estab
lished a new branch for plasma technique. The major coopération with the other DGO branches
will deal with pretreatment (plasma etching, plasma activation) and combined processes (functiona:
optimizatiou of surface properties by combination of electrochemical and plasma processes).

"Pretreatment — Fundamentals for Successful Surface Finishing” was subject of the DGO
spring meeting in Berlin. All aspects of environment proiective pretreatment processcs were
discussed with special view to quality, materiale, analysis and économies.

The 15th ,,Ulmer Gesprach” took place on 6—7 May 1993, with subject “Metallisation
of Plastics and Conductive Polymers”. One of the primary objectives will be conductive poly
mers-materials used in interesting fields for application like electronics. In principie these mate
riais can be of use to build up flexible thin layer substrates for métallisation as well as foi
intrinsic conductive électrodes.

5. Corrosion Conference. HUNKOR — the Hungéarian Corrosion Society will organize a congres»
on corrosion and corrosion protection in memoériam of Prof. Kurt Schwabe. The plenary am
keynote lectures will be held by excellent scientiste like O. M. Bockris, K. Lorenz, E. Heitz, J
Weber, F. Mansfield, W. plieth and J- W. Schultze.

The Conference will take place in a small town called Tata, about 70 km southwest from Bu
dapest, a nice place in a laké district.

6. Current informations about research activities statistics in Japan.

Table 1
Heeent It & D projeets in surface leelinology lu -lupiiu

A B C D AB AD CD total
Fundamental 11 4 9 2 4 1 2 33 (16%)
Electronics 9 2 16 35 il 3 15 91 (45%)
Plating steel for automobile 4 — 5 U 1 3 1 25 (13%)
Composite plating 8 1 2 9 7 3 3 33 (16%6)
Oxides & super conductive de-
posit 4 — 5 — — — — 9 (5%)
Others 3 — 2 2 — — 3 10 (5%)

39 7 39 59 23 10 24 201

19% 3% 19% 29% 11% 5% 12% 100%



CRONICA 189

The research objectives are:

Fundamental — Properties of plating films, Depositing function, Depositing process

Bleetronics — Under coating for hard dise memory, High density memory media, printed
circuits board, EMI shielding

Plating steel for automobile — Zn, Zn-Ni, Zn-Co, Zn-Al

Composite plating — SiO2, SiC, TiC, ZrB2, A1203, WC, Diamond, Graphite as diversion agents

Oxides & super conductive deposit — VBCO type deposit, Mo oxide, Co oxide for display, Da
chromite as high température electrode material.

Table 2
liceeni It & D projeefs in platiny professes in Japan
A B C D AB AD CD total

Electroplating 24 5 13 26 13 5 9 95 (47%o)
Electroless 6 1 15 17 — - 12 51 (25%o)
Composite 6 1 2 7 8 2 3 29 (H%)
Fused sait bath 0 - 4 6 - 3 - 15 ( 7%)
Puise plating 1 — 5 3 2 - - 11 (5%)

39 7 39 59 23 10 24 201

19% 3% 19% 29% 11% 5% 12% 100"

The research objectives are:

Electroplating — Single metal, Alloys, Oxides, Amorphous alloys such as Fe—W, Fe—Mo,
Co—Ti, Ni—P, Ni—Fe—P, Ni—W —P/SiO2, Fe—Cr, Ni—Mo, Co—Mo, Ni—B,
Ni—Ti, Pd—As

Electroless — Cu, Ni—P, Ni—P/SiO2, Ni—Cu—P, Ni—Mo—P, Ni—W—P, Ni—Mo—B,
Co—Ni—Re—P, Ni-P/SiC, Ni-Co-B, Pd-P, Pd-Ni-P, Au, Ag, Sn

Composite plating — SiO2, SiC, TiC, ZrB., A1203, WC, Diamond Graphite as dispersion agent

Fused sait bath — Al, Al—Zn, Zn, Zn—Ni, Sn, MoS, Ag

Puise plating — Amorphous Pd, Ni—S

. An international Conference will be organized in Octobcr 1993, by the Electroplating Division
of Russia Central House of Sciences & Technology in coopération with the journal ,,Electro-
plating & Surface Treatment” and the Danii Dtd, Moscow. Under the subject ,,Electroplating
'93 — Processes, Environment Protection, Equipment” main emphasis will be on the solution
of environmental probléme in metal finishing industries. Parallel to the Conference an industrial
fair will take place.

. SYF — The Swedish Electroplaters and Surface Finishers Society was founded for Companies
engaged in electroplating. About 50 Companies, job shop platers, in-house platers and suppliers,
currently take part. SYF buys manpower from IVF, mainly Mr. Dars Clarin, to do the daily
work. Activities going on includes following:

Environment, health and safety are today main objectives and SYF acts as a common industrial
eounterpart for the authorities in Sweden Common delivery terms for electroplating has been
established. SYF Publishes a newsletter bi-monthly. Via lectures, visits etc. ,the know-how of
the members are extended. Further activities are to be defined-

SYF develops an extensive international net of contacts.

Trichlorethylene phase-out 1995. The Swedish parliament has prohibited the use of some chlori-
nated solvents, among others trichlorethylene from 1 January 1996. An intensive work has
now started to find alternatives in the numerous different types of application currently in
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use. Many expériences are already achieved at a lot of comparies by themselves or with assis-

tance by vendors or consultants.
Now a coopération starts which inclusdes about 20 Companies willing to share information and

cests of necessary investigations.

Contact address :
Richard Berglind, IVF — Institut for Verkstadsteknik, Molnsdalsvagen 85, S-41285 Goteborg,

Sweden, Fax: + +46—31—407876

9. The Metal Finishing Association has published a survey of industrial prospects entitled

“U.K. Coating Market up to 2005"
commissioned from Dr. R. Artley and Prof. A. Matthews. It is available from the MFA offices

at 10 Vyse Street, Birmingham BI 8 6LT, United Kingdom.
The fifth International Conference on Adhesion will be held in York, 6—8 September 1993
Details available from the Institute of Materials, 1 Carlton Nouse Terracc, London SW1Y 5DB.

LIVIU ONICIU
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’Oxiord Chemistry Primers” Sériés editor,
Stephen G. Davies, Oxford Science
Publications, Oxford University Press, 8 vol,.
1992.

This sériés of short texts (sériés editor
Stephen G. Davies “The Dyson Perrins Labora-
tory*’, ITniversitv of Oxford) provides accesible
accounts of a range of essential topics in orga-
nic chemistry:

1. S.E. Thomas, Organic Synthesis: The

Roles of Boron and Silicon

2. D.T. Davies, Aromatic Heterocyclic Che-
mistry’

3. P.R. Jenkins, Organometallic Reagents
in Synthesis

4. M. Sainsbury, Aromatic Chemistry

5. L.M. Harwood, Polar Rearrangements

6. 1.E. Mark, Oxidations

7. J.11.
Synthesis

8. C.J. Moody and G.Il. Witham Reactive
Intermediates

All the basic principles and facts in a
particular area are presented in a clear and
straightforward style.

Jones, Amino Acid and Peptide

Aromatic heterocvelle chemistry’ David T
D avies, ISBN 0-19-855660-8 1992, 88pp

The aim of this book is to present onlv
the essential features of the more important
ring Systems. The emphasis of this short text,
of prime importance to organic chemists working
in the chemical industry, is on synthetic aspects
rather than properties. It covers the essential
details and basic principles with reference to
ail important classes of heterocyclic compounds
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illustrating them with many examples of drug
synthesis.

The book contains the followig chapters:
1. Introduction 2. Pyrroles, thiophenes, and
furans 3. Oxazoles, imidazoles and thiazoles
4. Isoxazoles, pyrazoles and isothiazoles 5-
Py'ridines 6. Quinolines and isoquino’ines 7.
Indoles 8. Pive-membered ring heterocycles
with three or four heteroatoms 9. Six-membered
ring heterocycles containing one oxigen atom
10. Pyrimidines

David T. Davies, industrial scientist at
The SmithKline Beecham Pharmaceuticals, Medi-
cinal Research Centre, llarlow, Essex has pro-
duced an excellent introduction to aromatic
heterocyclic chemistry.

Aromatle chemistry, Malcolm Sainsbury
ISBN 019-855674-8, 1992, 92pp

The aim of this book is an introduc-
tion which deals with the fundamentale and
provides the basis for deductive reasoning
In addition it emphasises and exemplifies the
interrelationship of aromatic to aliphatic che-
mistry. It explains the concept of aromaticity
and its wider implicatios to heterocyclic chemi-
stry. The reactivity of polycyclic hydrocarbons
and annulcnnes are introduced. Modem synthetic
methods such those involving the uses of organo-
metallic reagents are included and the importance
of arenes and carbenes in aromatic chemistry
is discusstd.

In a single volume Malcolm Sainsbury,
Reader in Chemistry at the I'niversitv of Bath,
provides an excellent account of the fascinating
topic of aromatic chemistry presented in an
easy to read and student friendly style.

VASILE MICLAUS
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Michael Lederer, Alfred 0. Kuhn
Adsorption on Cellulose, Coleeted Data on Chro-
mnatography on Cellulose with Aqueous Solvents,
Salle-1-Sauerlander, Aarau, Praknfurt am Main,
Salzburg, 1990, 228 pag.

Although the stationary phases play a
very important role in the Thin Layer Chroma-
tography they haven't been specially treated
till now. From the vast literature we had the
general impression that the stationary pahses
were presented just as a practicai application
examples or in the best case in a separate
chapter. In: ""Adsorption on Cellulose, Collccted
Data ons Chromatography on Cellulose with
Aqueous Solvents”, Lederer and Kuhn present
in an original way one of the most important
stationary phases: Cellulose. The book is in

Tiparul executat la Imprimeria ,,ARDEALUL” Cluj,

auy,
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fact a collection of data concerning the chro-
matography on cellulose with aqueous solvents.
Those data are structured in nine chapters
which are : amino acids and derivatives, alka-
loids, dyes and pigments, antibiotics, compounds
with heterocyclic oxygen, phénols, phenolic
acids and related ompounds, miscellaneous
organic compounds and inorganic ions.

Thanks to the original and practicai
manner of présentation in tables, graphies
and chromatogranis, the book is very useful to
the aualvtical chemists, researchers and stu-
dents, who are interested in the application of
Thin Laver Chromatography on Cellulose for
the séparation of different substances.

Dr. CONSTANTIN MARUTOIU
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Tn cel de al XXXVIII-lea an (1993) Studia Universitatii Babes-Bolyai apare Tn urmatoarele serii :

matematica (trimestrial)

fizica (semestrial)

chimie (semestrial)

geologie (semestrial)

geografie (semestrial)

biologie (semestrial)

filosofie (semestrial)

sociologie-politologie (semestrial)

psihologie-pedagogie (semestrial)

stiinte economice (semestrial)

stiinte juridice (semestrial)

istorie (semestrial)

filologie (trimestrial)

teologie ortodoxa (semestrial)

educatie fizica (semestrial)

In the XXXVIII-th year of its publication (1993) Studia Universitatis Babes-Bolyai is issued
in the following séries :

mathematics (quarterly)

physics (semesterily)

chemistry (semesterily)

geology (semesterily)

geography (semesterily)

biology (semesterily)

philosophy (semesterily)

sociology-politology (semesterily)

psychology-pedagogy (semesterily)

economic sciences (semesterily)

juridical sciences (semesterily)

history (semesterily)

philology (quarterly)

orthodox theology (semesterily)

physical training (semesterily)

Dans sa XXXVIIlI-e anne (1993) Studia Universitatis Babes-Bolyai parait dans les séries
suivantes :

mathématique (trimestriellement)
physique (semestriellement)

chimie (semestriellement)

géologie (semestriellement)

géographie (semestriellement)

biologie (semestriellement)

philosophie (semestriellement)
sociologie-politologie (semestriellement)
psychologie-pédagogie (semestriellement)
sciences économiques (semestriellement)
sciences juridiques (semestriellement)
histoire (semestriellement)

philologie (trimestriellement)

théologie orthodoxe (semestriellement)
éducation physique (semestriellement)






