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SEMICONDUCTOR GAS SENSORS
IIt, Sensor and Device for the Determination of
Ethyl Alcohol Vapours in Air

MIRCEA ANTON*, FERENC PUSKAS*, CECILIY ROMAN*, NICOLAE PRODAN*, 1 CATALIN
POPESCU** and EMIL CORDOS** ) :

Beceived: March 21, 1989

The results concerning the realization and characterization of a Sn0O, based
semiconductor sensor for ethyl alcohol vapours in air are presented. The sensor
equips an alcoholtest device for breathed alcohol determination. The calibra-
tion method of the device as well as the first experimental results obtained are
also presented.

Since their appearance [1], semiconductor metallic oxides based gas sen-
sors have been studied to a large extent. Under certain circumstances, on the
surface of a n tyvpe semiconductor oxide the reversible adsorbtion of some redu-
cing gases occurs, which determines the increase of the electric conductance
of the materiel. Making use of this property, semiconductor sensors for the res-
pective gases have been built. Tin dioxide is one of the most often employed
material to which other oxides or noble metals are added in small amounts,
with a catalytic role (Table 1).

Using Sn0, doped with certain additives semiconductor sensors for ethyl
alcohol were obtained and were incorporated in device for detecting and mea-
suring the concentration of ethyl alcohol vapours in the air [19, 20, 211

This paper presents the results concerning the design and the caracteriza-
tion of a Snl), based semiconductor sensor for ethaunol as well as the construc-
tion and testing of a device for breathed alcohol determination (Alcoholtest).

Results and  Diseussion. A. Semiconductor sensor for ethyl vapours.

The scusoris of Taguchi type [19]. On an alumina tube (@ jnper = 0.9mm ;
D puter == 1.2 mm) of 5 mm length, two gold {ilm electrodes have been painted,
at 1 mm distance each other, and at both ends of the tube platinum termi-
nals (J = 0.1 mm) have been mounted. The Sn0, based semiconductor mate- »
rial has been coated on the electrodes as a paste (Fig. 1a). The sintering pro-
cess has been performed in air, between 400°C and 800°C, in 6 — 9 hours.
A heating lilament has been inserted into the inner part of the alumina cylin-
der. The sensor thus obtained has been mounted on a 7 pins socket (Fig. 1b).

The electriccecircuit the sensor. has been included in is shown
in Fig. 2. : ;

Theinstallationfor obtaining standard gaseous mixtures in
air, necesary for the study of the sensor, has been described in a previous
paper [22].

! Part [, Stud. Univ, Babey-Bolyai, Chem., 33(2}, 91 {1988),
* ILAU.C. Cluj-Napoca, Arany Janos |1, 3400 Cia-Napoca, Komania.
** Umiversity of Cluj-Napoca, Faculty of Chemical Technology, Arany Janos 11, 3400 Clwj-Napoca, Remania



PACI, (1,5%)
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LTable
Sn(), based sensors
Composition Sintering tempe-  Detected Constructive Hoforences
rature (K) gases variant

Sn()2 (809,) -+ ZrO, (229%), 970— 1270 fuet gases  thick layer {2
Si0, (17,3%,), PdO (0,5%)

$n0, (87,6~ 92,59) + AlLO, 820970 reducing disk 3
(8,6—10,79,), WO, (1,6—2,19,), gases

P,0 (0,4-0,69%), Na,0

0,2--0,25°), PAO

Sn0Oy -+ MgO (0,1--20 mol%,), 870 O, disk 4
Nb,O,

Sn0, + PACL, (19;), MgO (19,), 870 1070 propane thick layer 51
Nb max. 209,

Sn0O, + (Sh, Bi), Pt NO, thin film B

RF sputtering

8n0), 620~ 720 NO thin film m
Sn0, -+ PACH, (1%), MgO (17), . 670 co thick layer R9]
ThO, (5%)

SnO, + (Sh, Bi), Pt, Au CO thin layer (1013
Sn0, -+ MgO, Pd, {ThO,, $5i0,) CO thick layer' 113
Sn0O, NO thin film [12;
8nO, 620 EtOH thick layver 137

oxidizing
$n0), 1, H,S thin film [14]
RF sputtering .
$1n0, 720 CO), propare {ilm deposited (151
ethanol by spray-pyro-
’ lysis
S$n0, + Cr, Ru C{CILy), 163
n-propane

SnC, + Ag 870 H, disk [17]
Sn0, + Al silicate (369, 1070 CIi, (18]
PACL, (1,5%)

$n0, 4 Bi,0y (15%), 870 co [18]
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Fig. 1. The costruction of the sensor. a) the sensitive element :
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Fig. 2. The electric circuit

1 — electrodes; 2 -- sintered SnQ, layer;3 -- aluminatube; diagram. S — sensor; R —
4 — filament ;5 - terminals. b) the sensor-socket assembly: 1 standard resistance (10 k€Qj;
— sensor ;IT — socket; IIT — protection lid; IV — stainless U,. — measuring circuit supply
steel gauze. © - o

s voltage (5 Vi, . ); Un—heating

circuit supply voltage (4.75

Vpe i Up — analytical sig

nal; T — 20°C; R.H. — 639%,

Theoperating temperature — For a given gas concentration

in air, the analytical signal depends on the temperature of the scnsor, as it

results from Fig. 3, for cthanol, acetone and acetic acid, respectively.

‘ —— S
{ N_/__,
10 200 £ wo ~

Fig. 3. The dependenc: of U upon
the temperature.a) 100 ppm ethanol in
air ;b) 100 ppm acetone in air; ¢)100 ppm
acetic acid in air; d)air; ITC -- 5 \"n,«;;
R, — 10 KQ; T — 20°C; R — 637,

|

|

! .

|

: /—\Jo

; - e
Age

= " g 05 “00
T ig. 4. The dependence of Uy upon
the temperature for different concen-
trations of ethanol vapours in air. a)
air; b) 42 ppm; c) 100 ppm; d) 400
ppim (experimental conditions: see
Fig. 3).
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s ‘ The temperature characteristic of
' ' the sensor signal is similar to the data
e T existing in litcrature {231

e [EPETE The optimum  operating  tempe-

e e T B raturc has been chosen so that to a

// o o - signal amplitude as large as possible,

[ ’ little encrey consumption and a great’

N4 ‘ :peed of response should correspos d.

Hence, the best working temperature

/ P——— for the ethanol detection has becen fo-

f/ . e und to be at 250°C. This value does

o ) ‘ S not vary with the gas concentration

’ o e (Fig, 4). ; ;
Fig 5. The calibration of the sensor. a) ethy! al- - X i )

cohol; b) acetone; ¢} acctic acid (experimental The calibration — In

conditions : see. Fig. 3). Fig. 5 are shown the calibration cur-

ves for c¢thyl alecohol, acetic acid and
acetone. For this purposc, the sensor signal for different concentrations of C,H,
OH, CH,COOH and (H,COCH, obtained with the equipment used to prepare
standard gas mixturcs i the air, have been measured 227 The saturation
phenomena occurs at concentrations higher than 600 ppm for cthyl alcohol and
acctone and at valuces higher than 200 ppm for acctic acid respectively.
Thertesponse time — The response time of the sensor, defined as
the time the sensor reaches 90%) of the utmost signal, decreases with the incre-
asc of the ethanol concentration (Fig. 6a). At a concentration of 100 ppm etha-
nol (Fig. Ga, curve 3), the response time does not excced 30 s. The response
time is also reduced with the rise of the sensor tomperature (Fig. 6b).

I o
}"U" i =T
i I \__1
L '
i 7
I3
/

Ayivi

. t
(. D )
}

Fig. 6. The dependence of U, wpon time. ay at different concentrations of ethanol: 1 — 42ppm;

2 — 84 ppm; 3 — 100 ppmr; 4 — 4Dis ppm. b) at different temp. ratures of the sensor,
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Fig. 7. The stability of the sensor operating Fig. 8 The Uy dependence upon the
in discontinuous working conditions (experimen- interferent concentration. a) 100 ppm
tal conditions: see IPig. 2). cthanol; b) 100 ppm ethanol -+ x ace-

fone; ¢) 100 ppm ethanol 4 x acetic
acid (experimental condifions @ see Fig. 3).

Thestability — In conditions of a discontinuous operation which
is characteristic to Alcoholtest device, the sensor is stable in time, as it results
form Fig. 7. A monthly calibration is cunough.

The selectivity — The sensor response in the case of the simul-
taneous presence of alcohol and acctone vapours, or alcohol and acctic actd
vapours, respectively, is shown in Fig. 8. It has been observed that the inter-
ference is not additive, the signal correspondig to the simultancous  prescuce
of alcohol vapours and that which interferent being inferior to that correspon-
ding onlyv to ethyl alcohol. The strongest interferent from the studicd ones 1s
the acetic acid. In the presence of only one component in the air, the corres-
ponding signal at 400 ppm acetone is cqual to that one given by 100 ppm
cthyl aleohol (see Fig. 5).

The influenceof the moisture — Generally, the atmospheric
moisture has a great influence on the response of such a type sensors [197.
However, a relatively reduced infiucnce of the meisture content on the value
of the signal in the reference conditicns (100 ppm ethyl alcohol, R.H. == 637,
T == 20°C, Teensor = 520 K) is observable in Fig. 9.

B. Alcoholtest device with semiconduclor sewmsor

Semiconductor sensors of this tvpe are used for the construction of some

devices for determination of the concentration of aleohol in air or of the al-

coholemia at human subjects [20, 21 . .
The construction — The conductance of the sensor depends on the
concentration of the alcohol vapours in the air according to
G == ke® (1)

where k is a constant characteristic to the type of sensor and nx 0,5 [23 1. The
analytic signal (Up) depends on the sensor conductance following the relation :

Uy, s Vet &

where Gy, =5 —— (see Fig. 2)
L
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Fig. 9. The influence of the moisture content upon "Fig. 10. The linearization of th®
the s:nsor signal. — — — the reference level: 100 ppm sensor response.

ethanol, R.H. — 659%,.

In order to the Alecholtest device should reflect directly the vapour con-
centration in the air, the sensor has been incorporated in an clectronic circuit
with an input — output characteristic presented in Fig. 10.

Reprezenting graphically the indications of the device versus the concen-
tration of ethyl alcohol vapours (in static condition) the straight line from

Fig. 11 has been obtained with the cquation Ciape == —6.95 4 1.07C; COR =
= ().999.
The functional characteristics —— In order to permit the

meastiring of the alcohol vapours concentration in the breath the device is
provided with a mouthpiece. This has the role of maintaining rclatively constant
the quantity of air breathed over the sensor (Fig. 12), no matter of the tested
guman subject. On the other hand, the mouthpiece maintains for a while the
has to be analvsed in the neighborhood of the scnsor. To avoid the contami-
nation from one sample to another tite mouthpicce is changed cach measure -
ment.

Cg(pp;x]
Fig. 11. The linear characteristic ' Fig. 12, The dependence bet-
of the device. ‘ ween the air input and the air

output through the mouthk-
) piece.
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ThetestingoftheAlcoholtestdeviceinreal dyvnamic
functioning conditions — To verify the correctness of the Alco-
holtest device functioning in real conditions (when the air runs over the scnsor
with a {low rate of 1100—1300 1/min, sec Fig.12), the instructions given by
the device were compared to the results of the chromatographic analysis 22 .
‘Thus, the concentration of the alcohel vapours from the air breathed by a
human subject who has previously ingested a quantity of alcohol — was deter-
minated both through Lhromamgmphx( wav and by means of the Akohonot
device. The results obtained are presented in Table 2.

Table 2
Concentrations of ethanol vapours in afr determinated by the chromatograph and
Aleoholtest device

No. Peak area € (ppm Clevice (ppm) Chevice (ppm) AC=C_—C,
(mm?) {(ppm) (ppm)
I. 136.5 178.8 130; 130; 150 153.3 +23.5
2. 128.7 168.6 Istr; 150 190 166.6 +2
3. 123.2 161.4 160; 130; 180 156.6 +4.8
4. 147 192.6 170; 160; 180 170 -+ 22
5. 106.6 139.7 I60; 160; 150 156.6 - 26
6. 106.6 139.7 1305 150; 140 140 —0,3
7. 106.6 139.7 130 139; 130 130 9.7
5. 100.8 132 130 130; 120 126.6 5.4
9. 89.6 117.4 120 119; 100 1o 7.4
10, 82.6 108 1405 130; 100 123.3 -15
11. 82.6 108 70; 100; 100 R +18
12, 63.7 83.4 70 80 80U 76.6 468
13. 48 62.9 40; 60; 50 59 4129
14. 39.6 51 40; 60; 30 50 -+ 1
15. 26.2 ‘344 305 205 20 26.6 7.8
16. 14.4 18.9 20; 205 20 20 1.2

The equation of the line calculated by the least squares method correspon-
ding to the correlation of the concentration indicated by the Alcoholtest device
with that one given by the chromatograph is: Ciciee = 0.426 - 0.947 C.,,
with the mrrdatlon coefficient COR = 0.976.

A M-9 ITIM model chromatograph was used, under the following working
conditions : detector FID, Cromosorb 102 column, length = 2 m, @ = 2.2 mum,
Tc-\'upf),rixtur = ZOOOC; Tdetector = 200° C, Y‘\‘lmmhcr == 190°C. The chroma-
tographic device was calibrated with a mixture of ethyl alcohol vapours in the
air with a concentration of 84 ppm, moisture 1009 at 34°C [22]. The data
ar¢ to be found in Table 3.

Table 3

The ecalibration of the
ehromatograph

Finall} the ])0551b111tv of calibrating the
device in alcoholemia has been examinated. For
this purpose; we have started from the fact that
2100 ml alveolar air contain a quantity of alcohol
equal to that found in 1 ml blood 25, By a

No. Peak arca A A

: . . . . (mm?) (mm?)
simultaneous determination of the alcoholemia —
employing the official method at the ILegal Medi- 1, ;‘:‘: 641

cine Institute and the concentration of the alcohol 54.6
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vapours from the breathed air by the Alcoholtest device, for three human
stbjects, we have obtained the results presented in Table 4.
Table 1

The eorespondence of the aleoholemia determined with the Aleoholtest  deviee and
the legal method

Sithjeet no. Time from inges-  Blood alcoholemin Alcoholtest alcoholen:ia

tion (h} tegal nethod (27, 0; (g5 0)

1. 3 0,43 ' : 0,31

2 0,29 0,23

2 05 . 0,2 0,31

2 0,33 0.46

3 0.5 0,62 0,50

2 0,62 047

Through the least squares method, the cquation of the regression line has
been caleulated © Apgoa = —0.01 4 1125 Ao , with COR = 0.701. The poor
correlation coefficient could be explained by the small number of the experimen-
tal points as well as by the peculiaritics of cach individual’s metabolism.

Conelusions. A 5Sn0, based semiconductor sensor, of Taguchi tvpe, for
cthyl alcohol vapours has been obtained. The performance of the sensor recom-
mend it to be incorporated into an  Alcoholtest device. This device measures
the concentration of the ethanol from the breathed air with the possibility of
calibration in alcoholemia. Tt 1s small sized, portable, capable of operating in
severe environmental conditions. The possibility of false indications owing to
acetone aud acctic acid is minimum. The correctness of the chromatographic
method for calibration is attested by the concordance of the alcoholemia ana-
Ivses determinated through the official method with the device indication, with
an error of max, 0.15 g%o0. The device solves the specific problems with mini-
mum means and its performances are comparable with more sophisticated similar
devices 20, 211
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SEMICONDUCTOR GAS SENSORS
ITIL The Operating Mechanisin of o Su0), Rased Scnsor for Ethanol

MIRCEA ANTONVS, FERENG PUSKAS®, CARMEN DANCESCU, 1. CATALIV POPESCU*, and
FMIL CORDOS*,

deecived Mooyl [uae

‘The experimevtal results obtained with a semiconductor SnQ), based sensor
male in oar laboratory are discussed referring to the theoretical operating model
proposed by Windisclinann and Mark.

Introduction. The grcat interest in creating new semiconductor gas sen-
sors is justified by a number of functional characteristics as: small size, rapidly
in response, high scusitivity and the posibility of them being included into
a high integrated structure. These qualities confer them a certain competitivity
among different methods of gas analvsis {17, Nowadays, the etforts are made
in the direction of improving the main deficiency of this tvpe of sensor, the
reduced selectivity [2—57 On the other hand, although these sensors are. uti-
lized in practice on a large scale, their operating mechanism is not vet entirely
cleared up [6, 77. ,

The present paper presents a number of experimental results obtained
with a semiconductor SnO, based sensor of a proper construction [87, Taguchi
model {91 The results are examined on the basis of the operating model pro-
posed by Windischmann and Mark {10

Experimental results. The electric circuit in which the s=nsors arc included for measwement
p:iforinance the stnsor construction as well as the fustallation for gas mixture preparation have been
previously described |11, 127,

Lo The temperatiose windore. An imoo tant characteristic of the sensors is the temperature window,
i.e. the temperature range in which they can function. The dependence of the sensor signal, upon the
working temperature, at different concentrations of ethanol vapours in the air, is shown in fig. 1. The
measurings have bzen fuliilled in the dynainic way. The temperature variatior rate has been chosen
1 a manner the sensor should work at equitibritum )

20 The & teyminatiog of e apdes of siaction. Measuring the evolution of the siznal vs time at Jdif-
ferent concentrations of ethanol and ac.talichyde, atl constant temperature, the order of roaction
corresponding to the reaction Iving at the basis of the response of the sensor can be determined.
Hence, the cowductance variation of the sensor MGy = Gy - Gy has been measured, where Gy
is the conductavce after 3 5 from the mounent of introducing the sensor into the gas and G, is the
conductance in the air. The experimental data are pres:nted in Table 1,

3. The estimation of the astivation energv. The study on the evolution of the signal depending
on the temperature (in the ,.a” zoae of the temperature window) at a constant gas coneentration
enables the cale dation of the activation energv of the detection reaction for various substar ces of in-
terest. The s:msor signal value after 3 s sines its appearance, at different temperatures, has been
measired. The expertimental data are shown in Table 2,

* University of Cluj, Faculiy of Chemical ieohnoiogy

** Territorial Computing Center, Cluj, Romanic

*
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Diseussions. Windischmann and Mark (10
have proposed an operating model for a thin
film Sn0, CO sensor. The model takes into
consideration the following experimental data:
1 the cxistence of an optimum temperature
range in the function of the sensor, ‘il the
dependence of the sensor conductance upon the
square root of the CO concentration in the
air, [iii; the Arrhenius type temperature de-
pendence of the sensor signal.

The experimental results obtained with a
thick sintered film SnO, scnsor functioning in
ethanol vapours correspond to a large (‘Xicxlf to Eig L. The temperature window

: the increasing temperature rate 15
the model mentioned above. K /min.

et [URA

Table 1

The dependence of the conduelanee variation upon the econecentra- -
tion of the volatile substance

Substance

Concentration (ppm) AG, » 1078 (Q71671)

CLlE0H 42 1.87
84 . 3.01

S420 8.38

840 11.8

1260 15.0

L lLO 13 0,57
87 1,72

433 » 2,48

870 5,03

1305 5.14

Vo0 iciperature window. As g, 1 shows, one can notice the existence
of a temporature range for the best performance of the sensor. At a too low
temperature, the reaction products of the c¢thanol on the surface of the sensor
are not -desorbed, “thus Dblocking  the surface. At a too high  temperature,
the oxveon from the atmosphere as well as the ethanol are not adsorbed on
the surface so that the detection reaction can not occur.

Using the data (table 3) corresponding to a temperature of 330 K from
the Wb zone of the temperature window, it has been calculated the equation
e AGG, g o) g AGG, - —0.81 + 0.545 1g ¢. The slope of the line cal-
culated through the least squares method is in good agree to the theoretical
value 0.300 and the corrclation coctficient is 0.974,

2. The wrder of reaction. It can be determined taking into consideratioa the
chemical kinetics. The variation rate of the sensor conductance provides infor-
mations about the surface reaction rate. Hencee, in the first approximation,
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Talble 2

The dependence of the conduetance viariation upon  the temperxture

Substance T{K) AGae > 1075 (Q71s™1
C,H,OH 398 0,66
(420 ppw) . 423 4,96
: 4533 6,83
485 10.5
CH,OI 440 o 0.27
(606 -ppm) o9 0,72
502 292
537 9.12
376 10.7
C,H,0 401 0.63
(434 ppm) 428 1.36
457 2.74
488 5.25
522 9.22
CLH,O, 488 0.28
(428 ppm) 522 0.46
. 558 2.16
598 7.18
- ) 617 8.31

Talle 3

Experimental data for sensor calibration (in C,H OH)

Ethanol concentra- Ig ¢ Uy e (VI Upge V) g is_(i
tion (ppm) h ' Ga
16.8 1.22 1.24 —0.23

42 1.62 1.56 0.07

84 1.92 2.10 0.86 0.39

252 2.40 2.30 0.49

420 2.62 2.56 0.61

840 2.92 .o2.84 0.73

the rate equation of the detection reaction is considered to be: —AG./A! = fe.

Representing the data from Table 1 in coordinates of lg AG, = {{Ig ¢), wo
obtain the lines the parameters of which are shown in Table 4.

The order of reaction vs the substance to be detected is numerically equal
to the slope of the line (B). The obtained experimental values are smaller than
the theoretical value, equal to 1, which derives from the rcaction mechanism
{10}, This discrepancy results, probably, from the fact that in the process of
detecting ethanol and acetaldehyde much more stages appear than in that
one corresponding to CO oxidation considered for the theoretical model proposed
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'

and verificd by Windischimann and Mark. It is also necessary to take into
account the possible  difference in the sensor construction.

3. The activation encrgy. The activation encrgy used in the process of
detection has been determined employing the data from table 2 in a repre-
sentation lg G, - £{1/T). From the slope of the obtained line, ¥, is deter-
mined. ‘ : .

Table 4
'The parameters of the lines Ig G ¢ == f(lg ¢)
Substance Line parameters Correlation cocfficient
C,H,OH - 5.702 0.610 0.999
CLHLO ~-5.820 0.545 T 0.500
Table 5

The aetivation energies

Activation energy

- / © Correlation coefifcient
(K cal/mol)

Sabstance

Fthanol 2.30 : 0.953
Methano! 2.30 0.983

Acetaldehvde 1.60 0.999
Avcetic acid 245 . . 0.985

The valucs of the activation energies for the studicd substances as well
as the correlation coefficient are presented in table 5. The activation energy
has minimum values for acetaldehyvde in conformity with the established fact
that acctaldchvde appears as thc'main agent in the reaction of cthanol oxa
SnO, 113 ~

CH,0H ——— H + C,H,0

H + CH,0 —— s CH,0H

C,H;0 ————— H - H(CH,)CO
H+H+O-—— HO

C,H.OH ——— H,0 + C,H,
H(CH,)CO ———— V, 4 CH,CO0H
CH,COOH —————— CH, == CO + H,0

\d
Taking into account that the values of the activation cnergies are rela-
tively small and they have been measured in the ,,a” zone from Fig. 1, we
consider that they correspond rather to the physisorption of the det:eted
vapours than to a chemisorption.
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Conelusions. The experimental results obtained with a thick sintared filin
Su0), scusor in the presence of cthanol are, to a great extent, in conformity with
the theoretical model proposed for CO detection with a thin {ilm SnO, scusor.
Thus: 1 a temperature range m which the sensor functicns has been fetnd,
11 the senser conductance depends on the concentration of ¢thanol in the air
as in the cquation AG = ke, where 1o x (05, Tiii the soncer sicned bas wn A orhe-
nius type tanjaature. This opercting modd is, probably, comnon rcgarding
the basic characteristics to the sen.dconductors coiploved in gas senser construe-
ticn, inditfarentiy the censtrvetinve vericnt crd the 1ature of the ges.
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MOLECULAR TOFPOLOGY. 5 . RECURSIVE RELATIONSHIPS FOR
L()\II’L"I I\( Y NI)ILES IN SOME PARTICULAR
~ GRAPHS

MIRCEA V. DIUDEA* and LUCINIA BAL**

Pecived: Deceber 13, 1089

The matrix representation of graphs, including the newly proposed layer
matrices {17 meant to characterize molecular branching, is presented. On this
ground, recursive relationships that compute the Y-topological index in come par-
ticular graphs were derived. The above mentioncd Y-topolcgical indices have
been tested for their cnrrdatm" ability on a hetercgencous set of  straight-chain
chemical compounds.

H

Introduetion. In mathematical chamistry; molccular structures are repre-
stnted by unoriented planar graphs in which vertieds stand for atoms and cdges.
for covalent bonds. Thus, a graph G is defined as an ordered pair consisting
of two scts V and E, G = (V, F), vwhae Vois the finite {and nonempty) set
of vertices and E 1‘<1>rgsc»nts the st of ordered pairs {(u, v) of adjacent vertices,
or in other words, the sct of c¢dges. A niolccular graph will alwavs be a connected
graph. A multigraph dcnotes mol( cules with multiple covalent bouds. The cova-
font Lcnm, will be represented by wdghts showing their conventional bond
craer: 1 for single, 2 for double, 3 for triple and 1.5 for aromatic bond, res—
rectively, The graph theoretical distance d(u, v), 1s the number of cdges in
the shortest path joining the vertices v € Voand v € V.

Some graph censtructions (nonnumerical characteristics) in G can be expres-
scd es follows 12
— vertex eccentricity

e(u) = max,.yv d{u. v) (1%
— graph racaius
7(G) == min,.v c{u) = min maX,ev d(u, v) T (2
— g¢raph diameter
d(G) = max,.ve(u) = max max,.v d{u, v) (3

The last two constructions are ‘max-min’ concepts (37, The degree of a
vertex u, denoted k {or 8 or deg u) equals the number of edges incident i

Two graphs are said 1501110r1~.\hu (G, =~ G,) if there is an one-to-one apph-
cation V;— V, that presarves node adjacency. An automorphism is an iso-
morphism of G onto itsell.

The set V ocan include all atoms of an  empirical formula or only . the
‘nonhyvdrogen’ atoms. If the hydrogen atoms arc not involved in important steric
or electronic interactions, one prefers the "hyvdrogen suppressed graphs’.

= University of Chluj, Faculty of Chemicul Tecknology, 3400 ClugNapoca, Romania
** Territorial Computing Center, 3400 Cluj-Napoca, Romania

— Chemia 1/1990
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. Matrix Reprezentation ol Molecular Graphs. Since 1874 Sylvester [4]
has pr()m pted that an orgdmu molecule "can be represented by an adjacency
matrix, A(G), defined as-in (4):

aj = 0
:\((;) == dijj o= 0 ( } ¢ ((;) (4)
: aiy 1o (i, 1) = E(G)
Tor the graph G, A(G,) will be:

0 1 0 o 1 1 06 00 0O
1 01 0 0 0 0 0 0 0
O 1 0o 1 0 0 66 0 0 0 0
0 0L 0o 1L U o000 0 o
g 0 0 1 0 1 0 0 0 0 0
N I o 00 1 06 0 06-0 0 0
Sen 10 0 0 0 0 0 1 0 0 0
00 0 6 0 0 1 v 1190
0O 0 0 0 6 0o 0 1 0 0 0
o 0 0 g 0 0 0 1 ¢ 0 1
g 0 0 0 0 0 0 0 0 1 0
Pig, 1.

To indicate the weight of bonds, one uses the connectivity matrix, A'(G*)
where nounzero entries equal the conventional bond order. Figure 2 shows A(G)) :

0 150 0 0 151 0 0 00
1530 150 0 00 0 0 00
0 150 1530 0 0 0 0 00
0 0 130 150 0 0 0 0 0
0O 6 0 15306 15 0 0 0 00
AY(Gy) = 150 0 0 150 0 0 0 0 0
1 0 0 0 0 0 01000
0O 0 0 0 0 0 10 1710
0 0 -0 0 0 0 01 0 0 0
60 0 0 0 0 01 0 0 2
% (3 0 0O 1] [H] 0o o 0 2.0

Fiv 2,

“Another useful thatrix is the distance matrix, D{G). It does not specily
bond weights but only collects the topological distances for each vertex 1 & G.
This matrix can be obtained by calculating the power matrices ae(p < d(G));
4 = U. A, (with U — the unity matrix), bv using the boolean operators. For
G,, the power matrices are depicted in Fig. § (with the newly introduced entrics
enclosed in rings): o

@ 01000
D1 00 0 0
01@1000

Gy =1 01 ®1 0 0
0001 1 0
000 0 1 @I

000 001 @
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111 D1 o0 o0 11111 @0
ft1r 11 @0 o0 ol 1111 @O0 0
w11 7 po o 1111 1 @O0
@Gyx =1 @1 1 1 T 0 (G r 1111 1@
DO DY 11D Pp1 111
000 @111 o0 @1 1 11
fo0 0 0 qp1 6000 @11 1]
RIS N NOF 111111
TS T U G G D 11111 L@
111 Ifbi LIS S U U S U
QG = |11 1 1 1 1] @G)=1 1 1 1 1 11
1111 1.1 1‘ 111111
1@ 11 1 11 111 11 11
fo o @111 11 1 o1 1111

Fig. 3. (continuel

Thus, the D matrix is constructed by introducing the distance p instead
of the marker rings, for cach power mratrix:

Ho 1 02 1 2 3 41
101 23 4 5]
2101234[1
DGy)= 11 2 1 0 1 2 3
[2321012
3 43 2 1 0 1
e 3 43 21 0
Fig. 4

Layer matrices. The laver matrices 27 are arrays which collect the ordered
rartitions of all verticesv; = G. Fig. 5 shows such relative partitions in G,:

Fig., 5

F matriz. Distance frequency matrix, F, counts the number of chains of lenght
j in the relative partition of vertex 1 (r()\\ iin D matrix). Its entries, f;; also
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mean the number of vertices in a layer at distance j {rom the relative partition
i, in . Skorobogatov [2], called this array the 2 matris

2 2 1 1 0] 12 3 1 1 oy
‘2 T U 1}1 l2 2 1 1 1§
Ho 2 1 1 ol . f2 03 11 0

ML) == i S

Pl =y o0 1 0 ol Rl =d 5 3 1 0 o
123 100 2320 oli
l2 1 21 o h2 1 2 2 ol

Fig, 6.

X mafrix. Analog to matrix F, one can construct a laver matrix X{G)(also
called ax in ref. [21), that counts the ares counceting lavers j aud j—1 in
the relative partition i, Figure 6 shows the matrices ¥ oand X for G,.
B matrix fbranch). The entries by of the brauch matrix B (see ref. [17)
represent the sum of the vertex degrees in the laver j of the relative partition
tin G. B can be built starting from the DDG matrix (sce Tig. 7). defined as:
DDG(G) - D(G) + DG(G) (3)
where D(G) is the distance matrix and DG(G) stands for the diagonal matrix
of the vertex degrees (see ref. 75 ). In. B, the diagonal entrics of DDG will

become the column j == 1. The next j layers result by summing the diagonal
entries of DDG corresponding to distance J—1 on the i-th row in DDG.

—
—

23

-~
1
—

1 0

i 2 4 2 3 2 0 12 3 1 | 24 25 1.3 05 0
i1 2 1 2 3 4 5 2 4 3 2 2 1 ! 2 2 1 1 1 ; t 2 3 2 1.5 1.5 0.5
‘ 2 1 21 2 3 4 2 5 4 2 1 0 { 2 3 1 1 o4y 2 4 25 1.3 0.5 0
f 1 2 1 3 1 2 3 36 41 0 0 i 33 1 0 04 3 435 235 15 0 0
23 21 2 1 2 25 53 2 0 0 2 3 2 0 0 2 4 3.5 1 0 0
W3 4 3 21 21 23 3 4 2 0 2 1 2 2 0 E’_’ 2 25 3 1 8] I
N1 5 133 2710 12 2 3 4 2 A I U O O | LR I T V- R R B ”
DDG Gy 3Gy FPig, 7. LGy S{(y)

The matrix B is a n*(d - 1) array; u equals the number of vertices in
G oand d 15 the graph diameter. In B, XDy = 2q and by = 2¢, where g

1 ]
stands for the number of edges in G. This matrix was introduced 71 with
the aim to characterise the molcecular branching. .
E matrix (edges). This matrix collects the number of edges emerging {rom
the vertices in layer j of the relative partition i in G (lig. 7). In F, ¢y == 2q
1

and X ¢y -+, the last relation being general {for ¥ but not for X matrices

3 .
{sce ref. '17). Thus, in the case of an elementary cvele, e.g. cvclopentane (fig. 8),
the two matrices X and F are different. One is to observe that for X stands
)J‘Xij # (1.

; .
S matriv (sigma). This matrix corresponds to the complete FX(G) matrix. (see
ref. 127). Its entries are sy, == 1/2 (bj, + ¢;). This matrix has been constructed
(see fig. 7 and ref, [1]) with the aim to discriminate pairs of graphs showing
the same B (but different Ii). However, Skorobogatov’s nonisomorphic pair
shows the same S (fig. 9).
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Z 3
"1
.
4
£ .
[T
2 2 2 2 1
|5 5 5 1
N2 2 E = 2 21
}22 2 2 1
2 o2 2 2 1
Fig., 8. Fig. 9.

Although the sigma matrix docs not solve the isomorphisin problem, its
degencracy is extremely low and provides a good tool in ordering the struc-
P - - R
tures (17

The laver — matrices can be represented in a lincar from as:
B(Gy) 11,3(2,5,42,1,0) 1 2(2,4,3,22.1) ; 4{3,6,4,1,0,0) ;
5(_,5 52,0 ()) 0 6(2,33,4,2,0): 7(1.22,34,2) 1 (6)

When the vertex numbers are not necessary, the canonical linear form (including
a multiplicity of a similar rows) will be:
CB(G,) = 1 (2,43,2,2,1)5 (1,2,2,3,42) ; ‘..'3(2,5,4,2,1,()) :
(2,3,3,4.2,0) ; (3,(),4,1,(),()) 0 (2,5,5,2,0,0) 1 (7)

The regressive degrees andex. Y. In the above work we stated that th-
regressive degree of a vertex 1 1a G, represeuts its degree weighted by the
cutrics by in the relative partition i, in a distance decreasing manner. This
manner can differ from operator to operator. The present work deals only with
the two operators proposed in ref. [1, some others heing detailed in the next
paper (671 ,

Thus, the regressive degrees XR” and the corresponding local umtrlbu—
ticns for wultigraph  (if nceded) are as follows:

VRY - i YL i gl 1) ®)

7 i i
S;'Rf‘—’i’ =2 (v )10t I VL }“\ (viy) 10 9)
} 3
where @ vy — denotes the entries in one or the 1\.L.tnu\ B, E or S, respec.
tively
{i — the multigraph facter, ;- .:( i - 13, with



29 M. V. DIUDEA et al.

¢ij — the conventional bond order.
The Y indices, constructed with these  operators show the general form

, . t
ALY ) — k7 [}: (VRY + v, )] (1C
where t', t represent labels for global (cperational stage) and local (assignmer
stage) operators, respectively
M — stands for the matrix tyvpe (B, B or §)

k" — is a normalizing multiplicator (for t = t'=1; k' = 2nq; M =
k"=mnq, M =E; k' == 3ug, M = 5)
wi; —is a weighting fa(‘t()], characterizing the vertices by group clec

tronegativitics or fragmental van der Waals volunics (see il ) ; wy ==
for nonweighted graphs

P —is the exponent (if t"=1 than p= —1; t" =2 tha p=1).
.
3. Recursive relationships for computing Y — indices. In the above wor
i1 we presented some reeursive relationships fer comyputing the Y — indices

"We also introduced the linear forms for the matrices of some graphs : straight
chain alkancs, cveloalkanes, stars and complete graphs (the last two of inte
rest in the graph theory). In the present work we cemplete the list with scme
other recurrences.

Recurrevces for straight-chain alkanes. For a straight-chain (i.c. n-alkanes
the rows of.the B-matrix do not have a very simple form. Cousidering the
symnietry of the straight—chaing the relationships can be written as follovs

B(Peeven) = 2012, 21); 2(24. . 432...210...0);
K2 P2 20c1) 1ol

=2 k—1)

_,.... : » (11y

1~—Z 1—1
1=k, 1> 1

with n == 2k

B(P, - odd) =  2(1,2...21): 2(2;4 4.3,2...21,  0...0):

s

TR to2 (;1)+11—1
1 =42 k}
(24...42,0...0) (12)
i—-2 i-—-1 N
1=k +1

with n == 2k 4 1
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‘ 2k
BY (P ~ceven) == 4k(2k ~ %Z ZZ: ] A (2k) 8 }l“'m -
/ , .

,JM

p= jeiot

+Zg{z 4_,1 S SRR N 1>)+

13

k- i —1
R NEEE S ERUSRIS] (1)

. 2 2k 7
BY W (P, -odd) = 4k(2k + 1) {}_‘_, [1 +230 i 4 (2k - 1) lw“,+

pot FECY4

z k i1 2k
+ EZ.{Q LAY B 2 D i (2k i 2)'3]\\»-11, +
p=i PR ot i )

72 i

) i N )
+ {2 AT 2 [ } (149)

2 ko1 ) 2 k- |
EV® (Deven) = 3 (1 4 2 E 101 3 6 10U 2w, Q—E }j + 42 105 4
' = / ‘ .
NN o 1
BI04 Y 0P L0V w4 (2 2
: i1l ©op=l i
4 3F100 K 4 10 Ry, (15)
2 2k 2 i—1
BY®(Poodd) == ST (1 42351001 1 10 5w, -r;-}:}, 2+ 4‘2 10134
pa=l joou petj=2 j2
2k+1-i K
4 3FI0T 2 3 QO 4 10wy (2 4 DT 100 p 210 K ) wi (16)
jeris 1 ) et

I)uplth T ative L()lllpl(\lt\ stch recurrences are useful in the case of weighted
graphs (sce below). It is obvious that they are not suitable for large values of n,
Considering sum associativity; Y and Y& can be written, respectively :

YV — k! l >_: 2 },lj:acj , l S N W ! E: E .\,‘jﬁ:j -3 \*l . (17)
i i X } 1 ;
V& o 355 v F0 PRI (L (18)
[ 3o
Thus, the maﬁ‘iccs B, E, S can be written as sums of columns :

B - 20 U dAm =) 42 e 2] (19)

i
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2LEFR,) = 20 —j):je{lLn-1 - (20)
ES(P“) =12 —1); 3n —j) +1 ;' 1 j={2n ~v1} (21)
Hence, the YV-indices can be easier computed if 1t is either odd or even
n o "l*l
BYW = 2n(n — 1) (2(11~ 1) + Z An o §) + 27 ‘371‘ (22)
. o . .
BY® =2(n — 1) + 2\‘4(11 -— §) 4 20F1gr (23)
il
3 1 11 .
EYW = nn — 1)!22 (n u.j)""‘j"““) (24)
Loz
n--1
EX® =23 (0 — j)¥101 ) (25)
j=1
n--1 ’ 11
SYW = 3ni{n — 1)’2 n— 1) + > 3 - J) 1)*]3 + 113) (26)
-1 .
SY'% =2 — 1) + > {3(11 —J} + 1J”"101"j + 10t (27)
=L

All these indices tend towards infinity when n increases.
In the previous paper 17 we also introduced recurrences based on the pre-
vious term:

BY(P,) = BY@(P,_,) -- AB (28)

101

where AB =2 4 4 3 10t 2510t (29)

Similarly, for EY®, one can write:

EYO(P,) = BY (P, ) ¢ 0B (30)
where AE = 231019 4 2%(02-n (31)
™

No rcecurrence is needed for SY'9, as
SY@(Py) = L2[BY®(P,) 4 EY®(P,)] (32)

Recurrences for cveloalkanes. 'The recursive rclations for cyclealkanes depend
on the parity of elementary cyveles. Table 1 shows the recurrences for cyclealka-
nes.

In a future paper [7}, general recursions for MY® (that do not depend on
cycle parity) will be presented.
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Table 1
Reeurrences {or cycloalkanes
Cok ) Caki- 1
B = |i%(2, 4...4,2)]] with k — 1 digits 4 B o= {2k -+ (2, 4...-4)]] with k digits 4
o 2k(2, ... 2)11 with k digits 2 T |2k 4 12, ...2 1)]| with k digits 2
x oyt k41
BY() = ‘Jk{l + 221 3 4 (k- J BY(D = (2k + 1)1 4+ 2 E;—a
j=2
k k+1
BY(?) = 4k(l 4 2 2 1001 4 107K BY(® = (Zk + ({1l + 2 2 101-1
j=2 ) j=2
k -1
nyi . 21;(22 j8y EY() = {2k + 1) { Ers Fk+ 1) 3]
j=1 L =1
k - ' k
BYE = 4k( 3 1007) TV == (2K b 1)(2210!4 + 10k)
J=1 j=

Allindices given in Table 1 incrcase indefinitely when n (f.e.k) tends towards
11 nni} .

Recurrences for stars, Iy, (0" == n—1). For stars, the matrices B and E can
b written cither in lincar forng, or colunumwise (eq. 33 to 36) :

B = oo, — 1) (o, n',0) ] (33)

20 B(Kyw) = 207 w'n’ 4 1); w'w’ = 1) (34)

E(Kw) = [In'(L,n" — 1); (', 0) ] (35)
2 EK,w) == |20, n'(n’ — 1) || (36)

Hence, the relations for MY® can bhe easily derived (eq. 37 to 40):
BYW =2’ + 1)[2 +23n’" + 1) 3 3@n" — 1)1 (

BY® =1n'[2 5+ 0.1(n" -+ 1) + 0.01(n" — 1) (38)

EYW = (0’ 4+ 1)[2 42730 — 1)]! (39)

EY® =1n'{2 + 0.1(n" — 1)] (40)

When n tends towards infinity, BY® increases towards infinity and BY®) tends
towards 12.343

Recurvences for complete graphs, K,. The complete graphs can be characte-
rized by the following recurrences {eq. 41 to 46):

B(K,) = ||n{n - 1); n-— 1)2}] (41)
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e N
E(K,) = ‘t\"n(n — 1) :( ) ) !{ L (4.
BY® 2% nm 7)1 CH
By ok (2! 0.9+ 0.1n) (4
F,Y”l‘ = 2% -+ 14) ' (4
EYE - #(18 - 0.1 : At

When n tends towards infinitv, BY® and EYY tends towards 8 and 16, respe
tively whereas the other T1's tend towards infinity.

Applications. We have tested the correlating ability of the BY® index wit
the octanol-water partition coctficient (leg p) in a hcterogeneous series of straieh
chain compounds including alcohols, cthers, primary and sccundary amines (s
Table 2, and ref. 4. The single variable QOSPR’s are presented in oy, 47, 4
49:

log p = —1.15977 4- 0.14554BY (S)
N =27 S = 0.14519; r = 0.99077; ¥ - 1335.66; T = 3655 (4
log p == —1.23580 4 0.20015BY " (HG) '
N =278 = 0.014711; v = 099052 F - 1300.34; T = 36.06 (43
log p == —1.01311 4 0.68007DSI

N =27; S = 0.16013; r 098876 I -- 1093.57; T = 33.G7 (4

In the honmogencous sets of alcohols and primary amines, the correlation
mmproved : :

10g Duteonors == -— 1.28604 -+ 0.20198BY ' (HG)
N=9; 5 =:009113; r = 0.99803; F == 1768.06; T == 42.05 (50
10g Pamines == — 1.26297 -+ 0.21348BY®™ (HG)

N=7; 5:=010003; r099675; ¥ =-765.85; T = 27.67 (5

Onc can observe that a very good correlation coefficient (r > (.99) w:
found both if valence (IDS) electronegativities [87] were used to weight the overs
straight-chain (BY®(S) — eq. 47) or only the hetero-group (BY®HG) — ¢
48, 50 and 31). Thus, it is obvious that recurrences of type (13 to 16) arc usch
in computing Y-indices on partial weighted graphs. Table 2 includes for compan
son DSI (a Randic type conncctivity index based on DS — electronegativiti
[8], which shows a lower correlation (r = 0.98876; ¢q. 49). Table 2 also inciud-
the estimated log p (ofw) according to eq. 47, 48, 50 and 51 respcctively.



Correlation of BY(2! and DISI wnith lug p (o/w)

Caleulated log p with ‘

No  Substance BY @) (5)* BY @ (FLG)* DST Obs.re
: log p BY'2(8) BY®(HG) BY ) (HG)

1 CH,-0H 3.7136 3.0294 1.593 —0.66 —-0.6193 —0.6295 --0.6742
2 CH;-—-CH,—OH 7.1254 5.5323 1.310 032 —0.1227 —0.1285 -~ 0.1686
3 CH;,* (CH,)y— OH 10.5069 7.9826 2,054 0.34 0.3694 0.3619 0.3263
4 CH;—(CH,);—OH 13.8855 10.4276 2.757 0.88 0.8612 0.8513 0.8201
5 CH;—(CH,)y —OH 17.2637 12.8721 3.431 1.40 1.35209 1.3406 1.3138
6. CH;—(CH,), —OH 20.6420 15.3166 4.203 1.84 1.8445 1.8299 1.8076

7 CH;--(CH,), —OH 24,0202 17.7610 $.928 2.34 2.3362 2.3191 2.3031
8 CH,—(CH,), ~OH 27.3984 20.2055 5.652 2.84" 2.8279 2.8084 2.7950
9 CH,-(CH,), —OH 30.7766 22.6499 6.376 3.15 3.3196 3.2976 3.2887

10 CH,; -O— (CH,),—CIH, 14.0909 10.7393 2.710 1.03 0.8911 0.9177 ——

11 CH,—CH,—~0O—CH,—CH, 14.1065 10.8130- 2,707 1.03 0.8933 0.9284 —-

12 CH,-- 0~ (CH,);—CH, 17.4693 13.2046 3.434 1.33 1.3828 1.4071 -

13 CH;—CH,;—-0—(CH,),—CH, 17.4863 13.2634 3.431 1.53 1.3833 1.4189 -

14 CH;- (CHQ)Z—()-(COHS)ZMCH3 20.8665 15,7137 4,154 2.03 1.8772 1.9093 -

15 CH, -NH, 3.6179 2.9337 0.608 -~ 0.57 --0.6332 - ).6486 -0.6367

16 CH,—CH,-NH, 7.0201 5.4271 1,327 0.93 -0.1380 0,1496 NURTVESY

17 CH,—(CH,),—NH, 10.4007 7.87G+4 2.050 0.48 0.3540 0.3407 0.4183

18 CH, - (CHz)su\"H2 13.7792 10.3213 2,774 0.75 0.8437 0.8300 0.9404

19  CH,— (CH,);—NH, 17.1574 12.7658 3.498 1.49 1.3374 1.3193 1.4622

20 CHy—(CH,),—NII, 20.5336 15.2102 +.22] 1.98 1.8291 1.8086 1.9841

21 CH,—(CH,);—NH, 23.9139 17.6547 4.954 2.57 2,3207 2.2978 2.5059

22 CH,—NH~—-CH,—CH, 10.4382 8.0368 2.041 0.15 0.3594 0.3728

23 CH;-CH,—~NH-—-CH,-CH, 13.8210 10.5274 2764 - 0.57 0.8518 0.8713 —

24  CH;—-NH - (CH,);—CII, 17.1953 12,9305 3.488 1.33 1.3429 1.3523 --

25  CHy+{CH,); ~NH-- (CH,),—-CH; 20.5783 15.4256 4.210 1.67 1.8353 1.8571 -

26 CH,-- (CH,)y—NH—(Cli,);--CH,  23.9566 17.8705 4,934 2,12 2.3270 2.3410 -

27 CHy-- (CHy)y—NH - (CHy)y— Cl1I, 27.3348 20.3154 5.658 2.68 2.8186 2.8304 -

* see text; ** from ref [4]
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STUDIA UNIV. BABES-BOLYAT, CHEMIA, XXXV, 1, 1990

MOLECULAR TOPOLOGY. 6. 1. NEW Y-TYPE INDICES OF MOLECULAR
’ BRANCHING

MIRCEA V. DIUDEA*, TEODORA CIPATANU*, LUCINIA BAL** and BAZIL
PARV*x*

®eceived : February 10, 1000

New v-type 1 indices for characterizing the molecular branching were proposed
and their correlation with some physico-chemical properties was tested in the
set of heptane isomers.

From Y ? —-index some information indices were derived.

1. Intreduetion. In the previous papers of this scrics 1,2 we presented some
wspects of the intuitive concept of branching as well as the reasons why this re-
mains an unsolved graph-theorctical problem. We also showed how molecular
sranching is reflected in some physico-chemical propertics such as boiling points,
molecular van der Waals volumes, [ormation enthalpies, partition coeficients cte.
of isomeric alkanes (4-trees). In this respect, the reader can consult 3, 4 on the
sround of new laver matrices B, E and 3, we proposed 1 a distance regressive
sranching index, Y, as in Eq. (1):

MY®) e KIS (YRIOP & (VLI Wi (1)

vherce :

M — stands {or the type of matrix (8, E, 8); . )

t’), (t) — are the labels for global (operational stagc) and local (assignimont)
stage) operators, respectively; ,

— is a normalizing multiplicator, differing for diffcrent (t') global eperators

’

JRiY — represents the regressive degree of vartex 1, by the (t)-opcrator;
TLiW — is the local contribution for multigraph (i the case), by the (t)-opaater :
», P’ — are expomnents, varying with (t'); :

Wi — is a-weighting factor, charactcrizing the verticcs by group elcetronegati-

vities or fragmental van der Waals volumes (see [17; for nonwcightcd
graphs, Wi = L.).

‘able 1 details ¢q. (1) about the above mentioncd [17 and the new oj.crators (de-
ised in the present paper).

* University of Cluj. Pacwity of Chewical Techmology, 5400 Cluj-Napoca, Ronania
** Tervitonial Comfu/ wyg Ceifer, 50t Clus-Napoca, Romanie
B2 Compting Cenoer, Universtly of Cluj, 560 Cluj-Napoca, Romania
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MOLECULAR TOPOLOGY 6. v 31

2. New operators. (t) and () on B-matrices

2.1. Local operators, (i),

With the aim to broaden the use of B-matrices (newly introduced by [17}
we proposc now other three local operators: (t ) = 3,4 and 5 (sce Table 1)

Op crator (1) = 3
— regards the degrecs of each layer, in a row of the B matrix as points of complete
graphs, then counting their cdges.

Operator (1) 1

— fises the binary information logarithm.
The distance regressive character of the two above operators is given by the
factor 10! % They climinate the external vertices (with degree 1).

Opcrator (4) — 3
— s, copversely, a distance progressive operator.

It enhances the contribution of more distant vertices.

The summation starts from j = 2, because the {orst u)hmm in B refers to the
zero distant sphere (of degree). vs. the vertex i.
Graph invariants induced by the operators (t) - 2to 3 and the derived YU -in-
dices (B is omitted, in the following, from the label BY®) for the identity 4-trees,
G, —G; (sce [11), are given in Table 2.

2.2, Global operators, (t').

In the effort to find good topological indices (11 ’s) which adequatcly express
the topology of molecules the information indiccs plaved an important role [5].

Works of Shannon [6], Onicescu [7] or Bonchev '8 in the field are well known
(see also [9—111). ) ‘ '

‘@




Table 2
Uraph invaclents for identity i-trees, G,—G*

G ‘iftgx 1 2 3 1 5 6 7 8 9 Yt
22 1.2332 24321 3.5310 - 2.5410 2.3331 1.2233 1.3431 - — 14,6368

43 0.1331 1.6310 40300  2.0600 1.3330 0.1133 0.3630 — — 9.6634

1 54 0.1175  1.2168  1.8330  1.2522 1.1759 0.1117 0.1801 — — 5.8872
5 0.1537  0.1988  0.2652  0.23567 0.192 0.1501 0.1882 — — 9.8383

22 1.2332 24322 3.5321  2.5520 2.4431 2.3233 1.2223 1.3432 . 17.0814

2 43 0,331 16311 40310 27010 1.6630 1.3133 01113 0.3631 11.3469
5 4 0.1175  1.2169  1.8340  1.2564 1.2216 1.1702 0.1112 0.1802 — 7.1080

65 0.1311  0.1621 0.2048  0.2461 0.1954 0.1559 0.1268 0.1564 . 11.0296

22 1.2332  2.4322  3.3322 25331 2.4541 2.4333 2.4233 1.2222 1.3432 19,5239

3 43 0.1331 16311 40311 2.1030 1.7060 1.6333 1.3113 01111 0.3631 13.0231
54 0.1175  1.2170  1.8341 1.2570 1.2252 1.2176 1.1697 0.1111 0.1802 8.3294

65 01139 0.1364  0.1860  0.1983 0.1954 0.1579 0.1310 0.1099 0.1331 12.0798

22 1.2233 23332  2,5422 3.5431 2.5531 2.4432 2.3233 1.2223 1.3443 19,5280
4 43 01133 1.3331 20611 4.0630 2.1030 1.66831 1.3133 0.1113 (1.3663 13.1275
54 0.1118 L1780  1.2533  1.8387 1.2570 12217 1.1702 0.1112 0.1807 8.3205

65 0.1127  0.1346  0.1638 = 0.2011 0.1984 0.1609 0.1329 0.1114 0.1543 12,3300

22 1.2343  2.4432  3.6421  3.6520 2.5531 2.3343 1.2234 1.3542 1.3552 19.7918
5 43 0.1363  1.6631  4.5610  4.6010 2.1030 1:3363- 0.1136 0.4061 0.4101 15.3305
5 4 0.1180  1.2217  1.8645  1.8677 1.2570 1.1765 0.1118 0.1838 0.1841 7.9851

65 0.1247  0.1550  0.1991  0.2437 0.1906 0.1496 0.1210 ORER R 0.1742 13.33810

AN
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Mean information content” (67 can be expressed, in terms of Y®-operator,
by a Shannon formula, Eq. (2) :

(0 = — Popi logaps (2)
where the probability p; is given by: :

Pi = YRIY® {(3)
Complementary information confent {117 is given by a Basak formula, Eq. (4):
Y® = log,Y? — Y 4)
Total information content [6, 81 based on Y — operator/index, is similar to

Bonchev’s index I;‘) ’
V) = YO Jog, V) EYR -log,YR; (3)

Table 3 lists values of global operators/indices Y& — Y® for alkanes up to oc
tanes.

3. Diseussions. From ‘Fable 3 one can obscrve that Y7 — values decreas
with increasing graph branching, whereas Y% —values increase with branching
The graph ordering induced by these new YW —indices is different from that
induced by Y®: ¥? and Y® presents two inversions vs Y®, Y and Y® show
three inversions, whereas Y® and Y® are the most diffcrent indices. The diffe-
rences in the graph ordering increase with increasing the number of vertices.

In the next paper of this series [12] we shall use this last operator to intro-
duce the notion of graph centricity (values in the range [0, 1] with maximal value
for the complete graphs).

The dispersion of Y® —.values, computed for octane isomers according
to Xq. (6), [9]:
»(t) (1)
vi) ylb
A t) max min
Disp. Y = — (6)
av
where mazx, min and av stand for maximal, minimal and average, respectively.
Dispersion shows high values for Y& and Y (79.80 and 61.67 parcents respec-
tively), these indices providing a good disciminating ability.

We tested, on the set of heptane isomers, the ability of all Y —indices to corre-

late with some physico-chemical properties: AHF = formation enthalpy, MR ==
= molar refraction, BP = boiling points, AHV =vaporisation enthalpy and AW =
= van der Waals areas [10]. Table 4 presents the corresponding values in hep-
tane set, the Y® —values being included. The correlation coeficients are tabulated
in table 5.
It can be observed that molecular branching expressed by Y —indices except
Y and Y correlates with AHF, BP, AHV and AW in heptanes set {in the range :
0,8001—0,9296) but no causal correlation exists with the molecular refraction.
This is consistent with the observation of Rouvray [3], namely that different phy-
sicochemical properties require different orderings of isomers.

3 ~— Chemia 1/1990



Table 3.
oo Indices dor alkinss
No Alkane v v v A v v v
O 2.200 0.0000 0.0000 4.0000 1.0000 0.1365 2.2000
2. C, 4.6200 1.3000 1.30C0 5.6952 1.5222 0.6857 7.0326
T O 7.0620 2.8200 2.5370 6.2952 1.9303 0.8898 13.6318
i 2-Me--C, 7.2600 1.2300 2.2489 8.9734 1.8386 1.0014 13.4927
5. O, 9.5062 4.4520 3.76.0 7.6236 2.2367 0.9926 21,4526
6. 2-Me C, 9.72:40 6.0010 34675 9.0463 21926 10890 21.3208
7. 2,2 Me,—C, 10.1200 9.1200 ERIER 12 9444 21181 1.2210 21,4351
8. . 11.9505 6. 1042 9929 8.5234 2.5261 1.0529 30,1884
9. 2-Me-( 121704 7.7451 16817 10,1323 2.4743 1.1310 30,1132
10. 3—Me—C 12,1902 7.8970 46807 10.6176 24644 1.1433 30.0415
11, 2,3--Me,—C, 12,4080 9.4640 4.3723 12,1186 2.4195 1.2137 30.0212
12, 2,2--Me,—C, 12.6060 111730 19618 12,3247 2.3981 1.2579 30.2305
13, C, 14.3951 7.7674 6.2161 9.7013 27544 1.0931 39.6499
14. 2l e Cy 146159 94188 5.9014 10.8038 27117 1.1377 39.6315
15, 3 - Me-C,. 14.6368 943634 5.8875 11.2218 2.7000 1.1737 39.519+4
16, 3—ILt-C, 146383 9.9213 3.8762 13.3105 2.6927 11810 39.4712
17 2,4-Mey—C, P 1.8368 11,1544 5.5862 12.8302 2.6698 1.2212 39.6113
18, 2,3~ Me,-C, 14.8764 114851 5.5747 13.4625 2.6560 1.2389 39.5118
19, 2,2—Me,-C 13,0543 13.9325 54739 13.0339 2.6469 1.2644 39.8480
20. 3,3 Me,-Cy 15,0942 13,6340 3.4053 14.0963 26317 1.2842 39.7234
21, 2,23 Mey,—Cy 15.3120 14.940 316871 15.7159 2.5993 1.3373 49,8003
22, Cy 13,8393 D132 74383 10.6316 2.9476 1.1305 49.6361
03, 2.Me - C. 17.0593 11.0929 7.1233 11.8425 2.9293 L1632 499724
04, 3—1e-C, 17.0813 11.3489 7.1080 - 12,2024 2.9075 1.1868 19.6647
25 4-MeC, 17.0835 11,4419 7.1007 12,4975 2.9065 1.1880 49,6532
2. 3-Et-C, 17.1034 11.7093 7.0873 13,7184 2.8984 1.1980 49,3783
27.  2,5--Mey— Gy 17.2797 12,7534 6.8082 13,1993 2.8807 1.2303 19.7776
28. 2,4~Me,-C, 17.3034 13.0931 6.7902 13,6884 2.8719 1.2411 49.6936
29, 23— Me,~-C, 17.3232 13.2739 6.7862 13.7842 2.8670 1.2477 49.6656
30.  3,4—Me,—-C, 17.3450 13.5306 6.7735 14.2434 2.8592 1.2573 49.5928
31. 3-LEt-2-Me—C, 17.3470 13.6398 6.7713 16.4134 2.8460 1.2770 49.3696
32. 2.2 Me,~C, 17.4995 14.7252 6.6900 13.4392 2.8597 1.2696 50.043+4
33, 3,3--Me, -, 17.5430 13.2457 $.6737 143138 2,045 1.2876 49,9133
34, 2.3 4--Me;— (g 17.5648 15.2024 6.4707 16,4937 28211 1.3063 49.6750
35. 3—Et-3—-Me—C, 17,5846 15,6953 6.6605 17. 1019 2.8319 13043 49.7978
a6, 2,2, 4—Mey,—C, 17.7232  18.3359 6.9626 15.9358 2.8251 1.3224 50.0698
37. 2,2,3—Mey—C, 17.7826 17.0933 (.3639 16.7181 2.8100 1.3424 49.9691
38. 2,3, 3—Me,—C, 17.8024 17.2791 6.3612 17.2815 2.7901 1.3639 49.6704
49, 2,2 3,3 —Me,—C, 18,2380 20.7780 3.95378 19.6567 2.46899 1.7190 15.0460

W
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Table 4.

Y — indices and physico-chemical values in heptane-lsomers
No Molecule vid v v® v\ vi®) v ;\;“" \1; R ]‘;;’ 2’-}; v ;‘\)w
1. C, 7.7674  6.2161 9.7015  2.7544 1.0931 39.6499 44.89 34.555 98.4 8.739 33436
2. 2-.Me--C, 9.4186 59014 10.8058 2.7117 1.1577 39,6315 46.60 34395  90.0 -8.325 32291
3. 3-Me—(q 9.6634  5.8873 11.2218  2.7000 1.1737 39,5194 45.96 34,464 92,0 8.391 216.67
4. 3-—-FEt-C, 9.9213  5.8762 13.3105  2.6927 1.1810 39.4712  45.34 34287 93.5 8.425 303.15
5. 22—-Me;—C; 13.0323 - 5.4759  13.0539 26469 1.2643, 39.2715 49.29 34.621 79.2 7.764 306.33
6. 2,3—Mey,—C, 11.4861 5.5747  13.4625  2.6560 1.2389 395117 46.65 34.328 898 8.191 303.11
7. 2,4— Me, —C, 111544  5.5862  12.8302 2.6698 1.2212 40.1927  48.30  34.62¢ 80.5 7.872 309.97
8.  33-Me,~C, 13.634(i 5.4653  14.0963 - 2.6317 1.2842 39.7234  48.17 34336  86.0 7.901 297.20
9 149490  5.1671 157139  2.5913 1.3373 38.6779 48.96 34378 80.9 7.669 292.89

2,2,3—Me,— ;4

a) [13]; b) [14]; ) {10}

in heptanes

Table 5

Correlation coefflelents of Y-indlees with physicochemieal properties

T.I. AHE MR BP AHV AW
.Y4 0.87870 0.28346 0.81490 0.92946 0.87966
Y, 0.88747 0.23920 0.86230 0.93268 0.88129

Y, 0.67504 0.54670 0.66491 0.80210 0.97810
Y, 0.83602 0.36018 0.80010 0.91670 0.92960
k Y, 0.85480 0.32780 0.81230 0.92640 0.91290
Y, 0.15280 0.23030 0.21860 - 0.17620 0.17470
Y, 0.88380 0.26420 0.82910 0.93730 0.87480

‘9 ADOTOdOL AVINIITTONW
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Table 5 also illustrates the different character of Y which shows converse
correlations vs. the other ¥Y®indices. Notice that in comparison with the other
Y —indices, this index correlates fairly well with the van der Walls arcas of mo-
Iecules (values given'in [101).

Compuler program
The program GRAT @99 performs the {ollowings:

1) rcads the graph in a dictionary form from a file which is created by a

text editor

2) computes and lists the matrices: A, B, ¢, D, E, F, and S (adjacency
branch, connectivity, distance, cdges, frequency and sigma, respectively)

3) computes and lists F-—based TI's:

4) computes and lists B(E,S)-based TIs,

The interface program-user operates by means of appropriate menues. The pro-
gram is written in FORTRAN - 77 on a PDP — 11 compatible system.

Concluding, we stress that B--matrix represents a real ground ior deseri-
bing of molecular topology. Different operators mav cxtract different useful
information in the {icld. :

Acknowledgements, Thanks arcadd ressed &()M‘, (Bristol - Myers Co., Wallingford) fof

preprints and  cnconran_vments,

LM V. Dindea, O.M Minailive AT Balaban, /. Comput. Chem., 12 (1991 527,
2.M. V. Diudea, L. Bal, Studia Unie. Babes-Belyad, 45 (1), 17 (1990).

3.0 Rouvray, Discr. Appl. Math., 19, 517 (1988}

4. S.H. Ber tz, Diser. Appl. Math,, 19, 65 (1988).

5. 0T Balaban, I. Motoe, D. Bonchev, O, Mekoenyvan, Top. Curr. Chem., 114,
©21 (1983,

6. C. Shannon, W. Weaver, , Mathematicel Theory ol Communication”, ~ Univ. Illinois,

Urbana 1949,

7.0. Onicescu, C. K. dead. Sei., Paiis, o1, 263, 841 (1966).

8. D Bonchev, N. Trinajstic, /. Chon. Phys,. 67, 4517 (1977).

9. O. Ivanciune, Ree. Kounaine Cuim. 34, 1361 {1989).

10. J. Labavrowski, I. Motoe, RiA. Dammkoehler, Comput, Chem., 13, 47 (1991)

1. 8. C. Basak, V. R, Magnuson, Dicr, Appl. Math,, 19, 17 (1988).

1223V, Diudea, T. Cipaianu, I. Kacso, Studia Univ. Babes-Bolyai, 35 (1), 37 (1990).

13. L. B. Kier, L. H, Hall, , Molecular Connectivity in Chemistry and Drug Design”’, Acad.
Press, New York, 1976,

4. H. P. Schulty, J. Chem. Ini. Comput, Sci., 29, 227 (1989).



STUDIA UNIV. BABES BOLYAIL CHEMIA, XXXV, 1, 1990

MOLECULAR TOPOLOGY. 7 (1. NEW METRIC CHARACTERISTICS IN
ALKANES (4 — TREES)

MIRCEA V. DIUDEA*, TEODORA CIPAIANU* and IRINA KACSO*

Eeceived : March 2, 1090

New metric characteristics, devised by the mean or a distance progressive operator,
are discussed in comparison with analogous parameters in literature. These cha-
racteristics well correlate with the van der Waals areas of alkane isomers. Recur-
sive relationships are given in the case of linear graphs (n-alkanes).

Introduction. In graph theory, the metric analvsis deals with metric
Chard(tcflstl(.SlZ} which mainly dq)cnd on the topological distance between the
vertices of a graph. Within these.characteristics, two major classes can be dis-
tinguished : 1) cccentric — and ii) distance characteristics. Skorobogatov and
Dobrynin |21 tabulated these characteristics in a recentextensive paper. One can
separate in (& some vertex sets the function of yalues of the graph characteristics,
called graph constructions (nonnumerical characteristics) suchas : center of graph,
graph periphery or graph center of gravity 2]

The center of graph is a set of vertices, 16‘:\( 7}, for which their ccuntrlut\
1s minimal (and cquals the radius of grapha). Vertex eccentrieity, efi), is defined
as the maximal distance between vertices 1 and j, belonging to the vertex sct
V(G) of a graph G:
((1) = lllZlX'jL-, vis) 1([,]) (1)

Summation over the whole set V(G) gives the cecentricity of graph.

Several approachea were pmposc(l for finding the center of graph 3—7 and
cstimating the graph centricity. Due to the complexity of problem, especially
“in eyvelic systems, an extension of the graph center concept was needed. In tlu
foilowing, we present three of them :

i) /1)w 30 eritevia form an interative approach based on distance {requen-
ov matrix, F [61, or on vertex distance code (VDC) as was originally defined by

Bouchev et al “71 1D — 3D criteria arc as follows:

(1D) — Minimum vertex eccentricity, ¢(i) = min. This is just the radius of
the graph, eq. (2), implied in the dassual definition of graph center [871.
(2D) — Minimum vertex, distance sum, (i) = min; )
(3D) — Minimum number f;; in F matrix (or K in VDC) of occurence of the
largest distance,” f;; = min.

nmax

If fij o :fkj , 1 # k, the next largest distance (juax — 1) s considered,

and so on. By dcletmg all but the central vertices ¢f. 1D — 31, one obtains a
Kernel of G. Criteria 1D — 3D are iterated over the Kernel until two subsequent
iterations fail to reduce further the number of central vertices. The result is the

*University of Cluj, Faculty of Chemical Technology, 3400 Cluj-Napocg, Romania
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graph center (or a polveent ). Criteria 1D—3D are applicd hicrarchically ([77);

i) 1P — 3P Crileriu are constructed by analogy to the 1D — 3D criteria
by replacing the distance notion with that of path (9 . The application of 1P —
~ 31 c¢riteria results in an oligocenter ;

i) [17EC algorithn (Iterative Vertex and Fdge Centricity (5] takes into
account both metric properties and vertex — edge incidence. Its ground as-
sumption 1s:,,central are those vertices that are incident to the most central ver-
lices”. IVEC is built on VDC and EDC (edge distance code) and is particulary
useful in polyvevelie graph analysis. The application of IVEC results in a diftc-
rent eentric ordering of vertices/edyges vs. the other approaches. It finds correct-
ty vertex and edge orbits of the graph’s automorphism group [37].

In this paper we present some new approaches expressing the graph (mole-
cular) cecentricity ‘clutricity in comparison with other similar characteristics.

2. Centrie eriterion and graph eccentricity. In order to simplify the proce-
dure to determine the centerjpolyeenter of graph, according to 1D — 3D crite-~
ria, we proposed [6] a power operator ME (matrix cccentricity)

\I}‘:“ o 2 (]]1ij)]'"-’(\,]1“x ('.:)

where : ny; - are the clements of a topological laver matrix, M do. — is a
sclected maximal distance for unitdry description of a set molecules by ME (a
distance progressive) operator.

In (6 we took 2 d,y,, == d(G) and ME operated on the distance frequency matrix

F, with its clements {j;. Next, we normalized the FI (i) — valucs by min FE(i),
thus deriving a CC.; {,centric criterion”) — vector:
CC(i) - FE®)/minFE() (3)

The central vertices will show CG(i) == 1, whereas for tue others, the CC(1)
— values will exceed unity. T'his means that for any graph CC(G) == 1 (the ra-
dius derived by the CC-operator) in agreement with the definition given in (8]

Thus, the meaning of FE(i}—parameters closes the vertex eccentrity. The
summation over all vertices in G leads to a global FE(() invariant:

FI(G) = 3 FE() (4)

By analogy, the ME operating on the B matrix Ieads to corresponding BE (branch
ceeentricity) — paramcters:

/ BE(G) Y BE() (5)

pas—
i

Ticeentrie characteristics FE(i) and FPE(G) in the Cu/McCyy set gre given in Ta-
ble 1. It can be scen that the v, vortex cecontricity docreases when it tends
to the conter of graph. g

Table 2 collects FE and BE -~ values in heptane isomers. Since these va-
lues are large, they can b scaled {c.g. by a factor of 1071, Another possibility
15 to use the average values (sec Tables 1 and 2).

ME. (G Dy - MI(G) (6)



Metrle charaetecisties in €, MeC >

Talle

graph Vertex no.; FEG)/FCH PIA(G) PFE (G
1 2 3 4 3 6 7 8 Y 10 11 12 FC{G)
Cia 11.0000  10.0353 9.1070 8.2166 7.3633 6.5345 6.5545 7.3633 8.2166 9.1070 10.0353 11.0000 1045574  8.7131
.0909 0.0996 0.1098 0.1217 (.1338 0.1526 0.1326 0.1358 0.1217  0.1098 0.0996 0.0909 1.4208
2MeCy; 10.0718  9.0565 8.1514 7.2862 6.4623 55814 6.3965 7.4912 8.42683 94013  10.4142 10.0718 99.1111 8.2593
‘ 0.0993 0.1104 0.1227 0.1372 0.1547 0.1760 0.1516 0.1335 0.1187 | 0.1064 0.0960  0.0993 1.5058
3MeCyy 10,1095 9.1070 8.1282 7.2610 6.4349 5.6515 6.5545 7.4478 8.3816 9.3548  10.3660 9.1813 97.9782  8.1649
0.0989 0.1098 0.1230 0.1377 0.1554 0.1769 0.1526  0.1343 0.1193  0.1069 0.0965 0.1089 1.5202
47 eC,, 10.1487 9.1448 8.1514 7.2378 6.4097 5.6241 6.4623  7.4058 83382 9.3098  10.3193 8.3300 96.8821  8.0733
0.09853 0.1094  0.1227 0.1382 0.1560 0.1778 0.1547  0.1330  0.1199  0.1074 0.0968 0.1200 1.5366 °
3MeCy, 10,1892 9.1840 8.2166 7.2610 6.3865 5.5989 6.4349 7.3653 8.2962 9.2664  10.2746 7.5192  95.9928  7.9994
0.0981 0.1089 0.1217 0.1377 0.1566 0.1788 0.1554 0.1358 0.1205 0.1079 0.0973 0.1330 1.3516
GMeCy, 10,2311 9.2245 8.2562 7.2862 (4097 53757 64087  7.2862  8.2557  9.2245 10.2311 6.7304  95.1405  7.9284
0.0977 0.1084 0.1211 0.1372 01360 0.1793 0.1560  0.1372  0.0211  0.1084 0.0977 0. 1481 1.5686
* dpax 10
‘ Table
Metrie charaeteristies in heptane isomers
Graph FE(G) TFEu(G) FCG)  FCL(G) BE(G) BE.(G) BU(G) BCC(G) Aw
C, 33.5012 47859 1.5284 0.1903 37.1093 5.3014 1.3859 0.2833 334.35
2MeC, 29,9413 4.2773 1.7008 0.2643 33,1456 4.7351 1.5437 0.3156 32291
3MeCy 289710  4.1387 1.7508 0.2733 31.7991 4.5427 1.6031 0.3277 316.67
2,4Me,C, 25.3980 . 3.6283 2.0373 0.3182 28.3012 4.0430 1.8329 0.3747 309.97
2,2Me,C, 25.0642  3.5806 20389 0.3216 27.7070 3.9581 1.8648 0.3812 306.53
JELC, 24,5973  3.5139 2.0074 0.3276 27.2397 3.8014 1.9015 - 0.3887 303.15
2,3Me,C, 243893  3.4842 20116 0.3298 26.837 4 3.8339 1.9233 0.3932 303.11
2,3Me,C, 23.2559 3.3223 21997 0.3437 25.5030 3.6439 2.0138 0.4117 297.20
2.4720 0.3861 22.6622 3.2375 2.2451 0.4590 292.89

2,2 3)Mc ¢,

20,4950

29979

LOADOTOdOL AVTNDTTON

t}E:
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3. Graph eentricity. A characteristic which is inverse to eccentricity should
express the centricity of vertex’graph. The simple inversion of FE(i)/BE(i)
provides a mcasure of vertex centricity :

MC(i) = (ME(®D) (7)

and hence the graph centricity : ‘
MC(G) == E (MC(1}) = E (ME(i)) ! (8)

MC(G) — values for dodecancs and heptanes are given in Tables 1 and 2, res-

pectively. These values can also be scaled (e.g. by a factor of ten).

We assume now that in a complete graph, Kv, all vertices are more central
than in any other graph. This assumption is based on the vertex transitivity in
Kv and also on the minimal distance (unity) between its vertices. Next, the cen-
tricity of a vertex/graph can be expressed vs. the vertex/graph centricity in the
complete graph with the same number of vertices:

4 MCC(G) = MC(G)/MC(Kv) 9)
The expansion of eq. (9) leads to: _ ‘
MCC(G) - ko }:[E (mf,.w’—‘*‘mrw] o (10)
: ol b

where: k™ is the inverse ceutricity of the complete graph, Ky and MCC(G)
stands for ,,matrix’ complete centricity,”. The expansion of k™ requires the ge-
neral expression of matrix M for the complete graph:

F(Kv) = {jv.(v— 1) (11)
B(Kv) == {iv.(v — I){v — 1)} (12)
When M = B, the summation starts from j = 2, so that k™0 will be:
kM = 1/(v(v — 1)1 max) : (13)
kM = 1/(v(v — 1) *max) (14)

Since the centricity of Kv is maximal, MCC(G) takes values in the range [0, 1.
It is obvious that when MCC(G) cquals unity, then G = Kv. Table 2 includes
cecentric/centric characteristics in heptanes, computed on the ground of both
F and B matrices. For comparison, in Table 8 we present some cecentric charac-
teristics according to literature [2, in the same set of alkanes:

4. Recurrences for eccentric/vcentric eharacteristics in n-alkanes. It is uscful
to .derive recursive relationships for cccentric/centric characteristics in n-alka-
nes which are path graphs. Taken into account both parity and symmetry in
path graphs (and implicitly in the F and B matrices) we are able to give the fol-
lowing relationships :

1
3
FE(ip, ) = 2k — 1 4+ 3> (20-02doax —1): i & [1, k) ; (15)
101

’
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Table 3

Metrie eharacteristies [2] in heptane isomers: e,y (G) ==average vertex eecentrielty in graph; A G =
==eccentrie of graph; A G* = centralization; m *(G) — graph dispersion

Graph eav(3) AG AG* m,:(‘(})
<, 4.7143 0.8980 28 4.0000
2MeC, 4.1429 0.7347 27 3.2857
3MeC, . 4.0000 0.5714 30 2.8571
2,4Me,C; 3.4286 0.6531 26 2.5714
2,2Me,C; . 3.8751 0.5102 29 2.4286
2ELC, 3.2857 0.6122 33 ‘2.1429
2,3Me,C; 3.2857 0.6122 29 2.1429
3,3Me,C; 3.1429 0.4898 32 1.7143

- 2,23Me,Cy 2.7143 0.4082 28 1.7143

i

FE(p, ) =2k +1—1+ }:(g&j» Dmax — 1)1 € {1,k 4+ 1)7; (16)
j=1
. k i
FE(Py) = 2}:(% — i 20 (207 Vimax — 1)] (17)
i1 i1 .
k 7 i 7]
FE(Po.,) = ;E{Qk 1 — i Y (20 M — 1)J +
i=1 it .
T 3 (207 — 1) 75§ = k1 (18)
joo1

Let’s denote the last bracket as A(i=k 4 1). The corresponding centric charac-
teristics will be:

FC(ip, ) = 2k — i +}3 260-D2gex — 1)171; i e [1, k] (19)
; i -
FC(ir, .,) :—[Zk 1 — i D (20 D — 1)] cie [Lk+1]  (20)
R jorl .

k b §
FC(Py) — 22[21{ —i +§: QU512 1)} (21)
FI |

:

-1

. K .
I:C( 2k 1-1 = E[Zk 5 l — 1+E 2(1‘] 2dmax — 1)] +_<A(;:kn’.1))”1 (22)

121

~For FE(G) we are able to give recurrences based on the precedent termn:
FE(P.y .,) = FE(Py) + 2k - A(i =k + 1) (23)
FE(I)zk,;Q) - }‘}'(I)lkl ) —[— 2}\ - A k) (24)
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Since B matrix is mcre complicated, in path graphs than T matrix, the corres-
ponding recursive relationships for cecentricicentric characteristics will have
more terms: one for tcrminal, sceond  for intermediary- and third for central
vertex/vertices: ' '

2 : kot 9K i
" , - N i .
E Ditdyax - l -2 E ‘ ; 43’ aax e i e 5 ATV - 1} *:f—
jo2

j joiid

BE(ley =2

(-

4
{LJ Hitdgx -}- 38k - 1 j (25)
S © ok E . .
Ig};:(l)gk .l) e 2 E : zjx'_g([m/!‘( ’j’“ ') 2_ -P ‘ydm X " :si/:":‘lxlmx e
. . i ’
2k -1 e l
- E SPATEILNIR A { ] |- ‘ E I LS - AL IS VY (26}
el it .

2k -1 -
BC(PH\) o L{ Z?fz'lm:lx —f~ l} —- 2 2 ‘ BRI P -;— 3ifz “m X ~:~
2k i " -1 k-1 1
- 2 ‘..)‘j"?z‘imz'lx - 1 { - 2 {Z 432 —+ 3R 2y -‘L 1} (27)
. iz 4 -

2k { koqiot '
BC(Poye ) = 2[2 20y - 1} =2 2{24' max - 3i2Mmae -

2 i j2
UK 11

=1 k l
-q“'f L Dii2dmax e 1) e 1 > , B AT P ~~}~ Ok M2day
1 o :

jeiot

5. Diseussion. Metric characteristics such as cecentric and distance charac-
teristics of graphs have been {ocussed on many papers as reviewed in 12, 107,
Within the distance charactefistics a major attention is paid to the graph center
of gravity, graph compactncss and graph centralization 2. The problem of
Qlaph center s of particuler intcrest in coding of chamical structures (11 and
1 mniversal charice! o (net leture (120 The conter seleetion way be of intorest
i patterr. recognition 113,

The goal ol this Faper was to find an expeditive way i coding of \utwu
and molecular graphs in the light of their cecentrie and centrice LhardLh,llbth,.
['his way was done by the power operator, ME (a distance progressive operator)
of which application on the F and B matrices provided good cccentric/centric
ordering of vertices/graphs (Tables 1 oand 2).

The ordering of miolccular graphs induced by our operator in the set of hepta-
nes is identical with that given by the van der Waals arcas, as calculated by Motoc
¢t al. {14 (Table 2). Linear regression analvsis showed good correlation of eccen-
tric/centric parameters with van der Waals arcas (Aw): FE = 0.9896; FC =
== 0,9714 ;. FCC = 0.9751; BE - 09839 BC =~0,9781: and BCC = 0,9781
For comparasion, among the indices tested in 14!, only 1 corclates better than
FE:1 22099, An inspection of tables 2 dlld 3 reveals the discriminatory power
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of cur mctric characteristics in comparison with the analogous parameters of
Literature.

Cuntric parameters FCC/BCC were proposed with the aim to give a general
{pormalized) measure of graph centricity. This was made with the wiew to offer
a rcliable scale of graph ordering according to generaized graph center criteria
'3 . In the next paper [157 the centric parameters will be tested in cyvelic graphs,
1 comparison with the TVEC criteria given by Bonehev ¢t al. (5,

Coneluding. the metric characteristics newly introduced in this paper offer
a good toel for the topological description of molccules. They are properly usciul:
m structure-property/activity corrclations.

Acknowledgements. We express ouar thanks to dr. B. Parv (Computing Center, University of Chij)
for his technical assistance.
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THIOCYANATO-CHROM (III)—-KOMPLEXE IN DIER  CHEMISCHEN
. ANALYSE
50. Mit indirckte volumetrischic und spcktrophotome trische Mothode zur Bestime-
muug von Hidroxizin

» 10V GANESCU®, und TON POPA*

Eingegungen am 17. Januar 1940

Thioeyanato-Chromium (HI) Complexes in the Chemieal Analysis. Part 50, An
Indirect Volumetrie and Npectrophotometric Method for the Determination of
Hydroxizin, Hidroxizin forms with an excess of NH{Cr(NC8), (aniline),] and
NH, [Cr(NCS), (morpheline), | solution hidro-alcoolic sparingly soluble precipitate.
After filtration the precipitate was decomposed by NaOH solution 59, and for
med Cr(OH), was titrated by Kin(),, KBrO, or K10, solutions by using ICl
and extractions with CCly as an endpoint indicator of titration.

The precipitation of Hidroxizin by NH, [Cr(NCS), (anilinel,: and dissolving
of precipitate in acetone enables for spectrophotometric determination of Hidro-
xizine, measuring the ahsorbance of acetone solution of the complex at A ==
== 540 mm. Molar absorbtivity equals 687 cm1 - mol™ !

Wie wir beobachteten, bildet Hidroxizin in sauren Lésungen mit einigen
Komplexsalzen, wie K [Bil,|, K, Hgl,], K3 Cr(NCS,) |, NH,{Cr{NCS), (NH,),]
und mit Reineckesalzanalogen Verbindungen.

Amin. H [Cr{NCS),(Amin),: schwer losliche Salze.

Von diesen konnen die Thiocvanato-chrom (111)-Komplexe auch fur analy-
tische Zwecke verwendet werden. Die Zusammensetzung der sehr schwer 1os-
lichen, in Form rotvioletter, mikrokristalliner Massen austfallenden Tetrathiocya-
nato-diamin-chromiate entspricht der allgemeinen Formel: Hidroxizin, H,[Cr
(NCS),(Amin), |, (vgl. Tab. 1).

Tubelle 1

Neue Thiocyanatochrom (111) — Komplexe des Hidroxizine
. No. Verbindung 1;\15;1'(_ A(%i‘;‘ a.T1 b(r:\ndl}“gd_
1 HMZ, FLICOINUSNH G L 1035,91 Y2 Cr io,u4 9,92
S 24,76 24 57
2 HZ. H,{Cr(NCS), (Aniling, i, 13,4019 98 Cr 7,76 7,64
S 19,14 19,06°
3 HZ. H,Cr(NCS)(Morpholiny, |, 1243 43 97 - (r 8,36 8,25
S 20,63 20,49
4 HZ.H,[Cr{NC8); Py,l, 128410 92 Cr 8,10 8,02
. S 19,97 19,85
3 HZ. H,[Cr(NCS)(Benzilaminy, i, 1396,19 93 Cr 7,43 7,38
. S 18,37 18,26
6  HZ. H,[Cr(NCS) (Imidavol), 1, 1240,19 89 Cr 8,39 8,30
S 20,68 20,53

9Cr alg Cr,Oy: 908 als BasO,; HZ Hidroxizins,

* Lehrstuhl fiir anorgaenische und oenalytische Chemie der Universildt, 1100 Craiova, Ruminien



THIOCYANATO-CHROM {111} KOMPLEXE {N DER CHEMISCHEN ANALYSE 45

Zur Bcstlmmunvwurdcu\H [Cr(NCS),(Anilin), ; und NH,[Cr(NCS),(Morpho-
lin), . (Darstellung \s.,l 2,4) hcrang,,emgen. Die Erfassung des Komplex gebun-
denen Thiocyanats erfolgt durch oxvdimetrische Titration (vgl. Tab. 2). Wir
beschrichen hier auch eine indirekte volumetrische Methode, welche auf der
komplexometrischen Bestimmung des Chromgehaltes der Proben beruht (vgl
Tab. 3).

Daneben ist die photometrische Bestimmung des Komplexes moglich. Der
molare Fxtinktionskoeffizient der Komplexverbindungen in Aceton ist ¢ = 687
cm U Mol 1

Tabelle 2
Oxydimetrisehe Bestimmung von Hidroxizin

Methode® X -t t, n oLz
mg

Anilin Komple

Permanganometrisch 16,870 0,00193 0,0761 2,56
Bromatometrisch 10,870 0,963 1,364 2,56
Todatometrisch 10,866 0,075 0,621 2,56
Morpholin-Komplex

Permanganometrisch 10,868 0,0051 0,092 2,56
Dromatometrisch 10,878 0,00524 0,0925 2,56
Todatometrisch ) 10 861 0,390 1,397 2,56

*n 10 Bestimmungen : U student-Patameter,  x LIRS

ml 0,1 N Oxidationsmittel (KMno,, KJO,, KBroo aquiv. 1,53026 my Hidroxizin

Tabelle 3
Die Rezultate der Komplexometriselien Bestimmuny des Hidroxizin als
: HZ.L,Cr(NCS), (Anilin},)
117 Zahl der Mittelwert  Mittlere quadratische t, t, tn_‘. =
geitonnugh Bestim N

my mungen my Abweichuny

einiger

Bestimmunyg, S
16,320 10 16,316 344102 00018 0,036 2,26

Sl 000 M BEDUT AL sind 3,971 me Hidroxivindquivadent

Expectmonteller Tell, 1. Ogvlim trische Bestimmung als Hidroxizin, H, [Cr(NCS), (Anilin},; ],
nnd Hidrovizin, L 7Cr(NCS), (Morpholindy , 227 myg Hidroxizin in 25--59 ml H,0 w:rden in
vinem Becherglas mit verd. CHCOOH angesiduert und mit dbzrschitssiger 3proz. Reag:nslosuny
bis zur Rotfiarbang behandelt. Der entstehende Niederschlag wird nach 5-—10 min abfiltriert, mit
1,00 gewaschen und mit dem Filterpdpi v in ein Becherglas gebracht. Der Thiocyanat-Komolex
wird mit 20 ml 5 proz. NaOH in der Sicdehitze zerstort.

Das g:bildete Chrom (IIT)-hydroxid wird in [TC] gelost und die Siarekonzentration auf ann l‘ICr‘ll
L7 n eingestelt. Dam werden 3 ml Ol wiel 10 Tropfen JCI-Los g (1] hinzurefist. Es wixd mit

0,1 n I{\[tl )y olerr KBrO; oder KJO, unter me hvnx‘tu-\u Uins shiitteln bis zur Bntiasbuig der
CCl,-Sehicht titriert.
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Zur Bestintmung des Hidroxizins aus Dragées wird es aus 53— 10 feingepulverten Dragées mit
50— 100 ml CHClyextrahiert, die Losungfiltriert, auf dem Wasserbade eingedampft und der getrock-
nete Ritckstand in 5—10 ml CG,H,0H und 20--30 mi 1 n CH;COOH gelost. Dann wird wic ohen
beschrieben gefdllt und weiter verarbeitet, v

2 Spektrophotometrische Bestimmung als Hidrexizin, L {Cr{NC8), (Anilin), ",
112 myg Chloridiazepoxid in etwa 20— 25 ml Probelosung werden wie oben beschriebenn mit iiher-
sc¢hiissiger 3 proz. NH, Cr(NC®), (Anilini,. -  Lasung  gefillt, der Niederschlag wird auf einer
Glasfritte Gy abgesangt mit IL,0O ausgewaschen, in Aceton gelost, die Lésung in einem Mepkolhen
von 153 mil bis zur Marke aufgefiiilt und die Iixtinktion der Losung bel 540 nm gemessen,

3. Komplexomeirische Bestimmmuny als  Hidroxizia, I, [CriNCS); (Andidng g,
2-- 27 mg Hidroxizin in 20—25 ml Probelosung werden, wive oben ansgefialit, anf einem Glasfilter
80 mtl; hehandelt und zum Sieden erhitzt. Nach 10— 13 min
Kochen wird die ganze Chrom (IIT)-Menge komplexiert, IMe iiberschiissige ED.T.A.-Menge wird
mit 0,01 M Zinkacetat in Anwesenheit von Driochrom-1T — Indicator und 10—20 ml 0,1 M
NI Cl — 0,1 M N, — Pufferlosuny zuritektitriert (vgl. Tah. 31 )

abgesaugt und daun mit Aceton (etwa 60

LITERATUR

Desmuch M IToshi, Z anaivt, Chen: V220 275 (1964).
‘Ganescn, Stud. Unide. Babes-Beivai, Scr. Chem. 120 103 (18675, .
WL Jouden, , Statistical Methods for Chiemisis”, 2ml Ldit., 8. 40, John Wiley, Sons Inc.,
New Vork, 1933.

I.Ganescu, Cs. Varheiyvi, A, Han tz,
{1683, : '

G.
I

~

I. Yapa, £ anorg. allg. Chem., 520, 195

A1



STUDIA UNTV. BABES-BOLY AL, CHEMIA, XNXV, 1, {499

NEW NONELECTROLYTES OF COBALT (I1I) WITH GLYOXIME

10N GANESCU*

Freceived: february 6, 1990

The forination of nonslecrolytes of cobalt (ITD) of the type [Co(Glvox. H),
(NCX) (amine): was proved by the substitution reaction of [Co{Glyox. H),
INCX),! ™ with various amines in the presence of ammonium acetate buffer
solution. (Glyvox H,-glvoxine : C,HN,O0 - NCN-NCS and NUSe, respectively).

A number of nine new unnpound\ were characterized by chemical analysis
and infrared spectra.

The reaction of glvoxal with hydroxilamine hy drochloride leads to the forma-
tion of glyvoxime. Ihc neutron diffraction measurements [17 show the anti-
isomeric modification to be formed in this wav. As compared with the
other alphatic dioximes, the Ulm\lmo was onlv a httk studied from co-ordination
chemical point of view. The NGlvox. H), (M - Ni, Pd, Pt.) were obtained and
s structufe determined by mcans of x-rav nuasur(-mcn‘(s 2, 3. The Ni{Glvox.
H), was proposed for detection of nickel 4 and for the spectrophotometric de-
termination of cobalt (IT) in hasic media 13 The <f1\'0ximc is able to form vartous
mixed chelates of the types: M(Ghox, HWXY "~ (N =Y or X # ¥ =Cl,,
Br, I, NCS, SO,, anine, c¢te.) n -3, —2, —1, 0, —1. M — Co(I1I), Rh(IIT)
Ir(III) 6, 7 L ) o
The Rh and Ir chelates are lormed only by substitution reactions. The cobalt(IIT)
complexes can be obtained by mcans”of oxidation of a mixture of cobalt{ll)
salts, ¢hvoxime and monodentate ligands (e, ¢ Cl, Br, I, NCS, amine, phos-
phine, ctel). '

Results and  diseussion. We have observed that the alkaline salts Na[Co
{(Glvox.H}, NCS), | and NaCo(Glvox.H),(NCSe¢), | .obtained by the oxidation
of the mixture of cobalt(IT) —acctate, glvoxime and NaCNS or Na@NSe, res-
poectively (miolar ratio: 1: 2 3}, undergo a substitution r faction with monoden-
tate noutral Hgands.

The wonodentate pseudohalogeno Tigands can be substxtutLd paftlalh wi
amines ov:phosphines by the following substitution reaction in ammonium ace-
tate "bhulfer solution
Co(Glvox ), (NCX), -+ anine = Co(Glvox.H),(amine)(NCX)? 4 NCX~

Some new derivatives with aromatic and h(tunu ¢lic amines are characte-
rized in Table 1.

These substitution reactions were carried out in boiling aqucous aleahbolic
solutions. The nonelectrolytes are spe mngl\ soluble in water and soluble in ace-
tone, dimcthylformamide ete.

1
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Table 1
New unanelectrolytes of the type (Co{Glyvex, 1), (NCX) (amine)|
; Mol. Analysis. (%)
No. Formula wt. Aspect - -
caled. Caled. Found
1. Co(Glyvox.HLINCS)(p-tolui- 7 398.2 brawn, thin ncedles < 36.08 36.00
dine) | i 3.66 3.79
N 21.00 21.02
2. (Co(Glvox.H jy (NCSe)(p- totui- 445.1 brown crops ¢ 32.35 32.25
dine) ] 3¢ 3.39 3.30
N 18.81 18.77
3.  [Co(Glyox .H),(NCSj(p-anisidine)] 414.2 short, Lbrown prisms ¢ 34.79 34.73
) ' H 3.64 3.60
N 20.27 20,19
4. [Co{Glyox.JI},{(NCSci{p-anisi- 461.1 thick, irregular brown C 31.25 3119
dine) ] prisms H 3.27 3.18
N 18.21 18.17
5. Co(Glyox . H (NCSi{;-picoline): 384.1 long, brown needles C 34.38 34.83
H 3.40 3.37
N 21.86 21.80
6.  Co{Glyox.H{NUCSei{y-picoline); 4311 yellow-brown, thin C 30.67 30.59
plates . H 3.05 2.93
N - 19.48 19.40
7. {ColGloyx H)}NC8){2-methyl- 3732 brown hexagonale prisms © 28.96 28.87
-imidazole) H 3.24 3.20
N 26.25 26.09
8. Co(Glyvox.HiNCSe2-methyvl- 4201 brown irregular C 28.73 25.66
-imidazole) prisms i3 2.86 2.80
: N 23.32 23.25
9. Co{Glyox . H)(NCSibenz- 427.3 short, irregular C 33.80 33.73
thiazole )} brown cryst. I 2.59 2.46
N 19.70 “1v.62
10, [CotGlvox. H,INCSei(benz- 473.1 Dbrown. irregular ¢ 30.45 30.30
thiazole) | . cryst. 1514 239 2.2
N 17.75 17.64

Infrarcd sj)fcif‘a. IR spectra of sornic nonelectrolvtes have been recorded in kalinm
bromide pellets in the 400 to 4000 cm ! wave number range.

The position of the vex, vex and Sxex bands indicates the co-ordination mode
of the pseudohalide groups.
In our cases these frequencies are situated :
NCS— derivatives: 2100—2115 (vs), 870—860 (s) 470—480 (m) cm™
NCSe— derivatives: 2100—2120 (vs), 510—600 (s), 430—450 (m) cm™?
By the alkaline salts : NaCNS and KC NSe these frcquency values appear atlower
numbers :
NaCNS: 2060 (vs), 749 (s), 470 (m): KCNSe¢: 2069 (vs), 5Z8 (s), 416 — 424(m)
cm L v
This phenomenon indicates the mentioned ambidentate ligands to be co-ordinated
to the central cobalt atom through the N-atom (izo-thiocvanato - and izo-se-
Ienocyanato- complexes with Co-NCX- line bondings)

The presence of weak bands: vO—H: 2300 em ™! and SO—-H..O:



NEW NONELECTROLYTE OF CO (11I). 49

at 1700—1730 ¢m~* is due to an intramolecular hydrogen bridge in the Co(Glvox.
H),—grouping with a planar gcometric configuration ,

This hydrogen bridge stabilizes also the trans geometric configuration of the
[Co(Glyox. H),(NCX)(amine) 9 type complexes.

Experimental NgCNSe was obtained by melting of a mixtura of NaCN and matallic selcaium
{molar ratio) in a sand bath.
Glvoxime was obtained from 309 glvoxale with a stoechiometric amount of hydroxvlamine hydro-
chloride as described earlicr.
NaiCo(Glyox.H), (NCX),] - solutions were obtained by air oxidation 'of a mixture of cobalt
{11) acetate, glyoxime and NaNCX in dil. alcoholic solution as described earlier.
[CotGlyox.H), (NCX) (amine)] — 5 mmoles of Na {Co(Glyox.H),(NCX),1in 50 mlwater were treated
on a water bath with 5—6 -- mmoles amine in 5— 10 ml alcohol and 2 g ammonium acetate. After
a warming of about 3--45 minutes the precipitated crystalline product is filtered off and washed
with diluted alcohol (1:3).
Analvsis: The C, H N content was determined on the usual microanalytical way.
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SURFACE MOBILITY OF SURFACTANT SOILUTIONS
XIV. Marangoni Flow through Square Scctioned Horizontal |, Sutface’

’

Canals

EMIL CHIFU*, EUGENIA GAVRILA® and MARIUS SALUJAN®

Roeovived: Merch 7, 1900

Fxperimental results, obtained in a study of the Marangoni flow through

sectioned horizontal canals, are presented. The flow is determined by sur-
e tension gradients which are induced by temperature differences, . as well as
by surfactant concentration differences. The rates of flow, experimentally evalua--
t=il, are compared with the values caleulated on the hasis ol a theoretical moddel
previously reported 100\ satisinctory agreement is foumd between the experi-
reental valnes and the ones foressen by theory,

-

Studics on the Marangoni instability and flow of liquids find their use in many
ficlds: of science and technology (mass transfer processes, motions at the level
[ Diosurfaces ete.), as well as in operations with liquids in microgravity conditions.
l]u \Iamn:om flow and its cifects have been tackled both from the c\pgrlmcntal
and rom the theoretical aspect, in several variants. We mention stmhcs concer-
niny
_«) the behaviour of fqmd drops or-of gas bubbles 1—3:

L) the behaviour of thin liquid strata (6, 7
This transport of the Hquid can be generated by surface tension gradients, induced
especially by surfactant concentration differences (60 or by temperature diffe-
Tenees 7 :

The surface (Marangoni) flow through canals (s*m‘ffwc slits) of triangulzu‘ seC-
tion under the action of smmu tension gradients has been experimentally inves-
tigated, in the case of gas! liquid interface, using the model of the inclined solid
plane 6. In these mrcumstam\\‘ the Marangoui {low competes with a bulk flow
detormined by gravity forees. The share of the two types of flows can be evaluated

by the avenev of the rates of flow 6, 71 The flow thmugh horizontal canals, when
oulyv the Marangoni flow 1)&1\1%5 umiplctcs our previous studics.
The flow through horizontal | surface” canals, acted by gradients bmueht

about by uncqual concentrations of surl‘actants, has beent investigated between
spherical liquid/liquid interfaces (drops) {87, by making use of the Plateau appro-
ximation of equidense liquids. '

It is to be expected that the obtained results are also valid, in a first appro-
ximation 9, for the surface flow caused by temperature differences. But the
study of the Tow through spherical liquid, liquid interfaces, having as a motive
force tenperature differences, is not accessible {from the exprimental point of
view, due to instability of the system. Consequently, we have turned our atten-
tion to the surface flow between two planc iiquid/gas interfaces, and iu the pre-
sent work we report the obtained results.

¢ lewversity of Cluj-Napoca, Fecully ol Chemical Technology, 3400 Cluj-Nupoca, Romania
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Theoretically, the flow induced by surface tension gradients can be descri-
bed, in the case of horizontal canals having a triangular, rectangular or square
section, by resorting to the complex functions method. In the case of squarce sce-
tioned canals, a first approximation leads to the following equation for the rate
of flow, Q 10

)3

5 Ty = O A
Q0 ~3.90 0 (1)
19
=4Il ‘
. > 5} 8 represents
s depth of the canal, IT is its length, and w the bulk Hquid viscosity @ the surface
viscosity has becn neglected 16,

where 6, and s, arc the surface tensions of the two Fquids (¢
t‘m

3

Experimentai. ‘The surface flow threugh horizontal canals has been watched by means of o de-

vice schematically represented in Fig. 1. 1t is composed of two vessels (1, 2) made of stainless steel,
anlthermostated. A steel bar, forming one piece with the

vessel (1), is engraved with a square-sectioned canal (3 having )
%= 0.1 oy and == 23 em. The free end of the bar can he 4"
fistene 1 to the vessel (2) by means of a teflon gasket. The o

level vessel (4) helps adjusting the liquid levgl in the
hich-temperature vessel (1)

The liqguid vsed in our experiments is water, as it ade- Gy» T2 e 00T
quately woets the steel surface. Vessel (2) contains water at -
Tow temperature T, (16 C), with the surface tension a,, and ves- “ie. 10 Outline of the experimen-
sel {1) aqueous methylene blue {c=0.2 g/1), at high temperatu- tal device.
re Ty, with the surface tension o,. In this way, surface tension
gradients are created, corresponding to temperature diffurences from 10 C to 60 C. Acted by the sur-
face tension gradient, the Hquid in vesse? (1) i fransported into vessel (2). As methyiene blue practi-
cally does not influence the suriace propertics of vhe solution, it can convenient!{y be used in the spectro-
pintometric determination of the rates of flow. In our experiments, samples have been withdrawn
from vessel (2) once in ten minutes, for 60— &) win., and their speetrophotometric analyses allowed
t5 calenlaté the volwme of the liquid transported by Marangoni flow. Measurements have been done
at the wavelength (7 of 675 nm where methviene hive has an
absorption  maximum. A “great  care bhas been taken
i aorizoutally level the Lquidin the twoves elsand in the
canal. The watching has been performed by means of a tele- |
aljective throughont the experiment: The losses of liquid due i

{

[EgE

t cvaporation in vessel (1) have been corrected by means of

the fevel vessel (4 and those caused by withdrawal of 1 ml
allquots from the entire quantity of 350 ml in vessel (21 by
alling back the correspending liquid quantitics. This rigo- .
1oty maintenance of the arrangement in the horizontal is an
ansrative condition, beeause hvdrostatic pressure created
Lvoonunevenness of T onnn can wive rise to the flow of a vo-
fame of liguid (gravitational discharge) comparable with that
one determined by the surface forces.

P - I S

Results and Diseussion: The time dependen-
¢ of the liquid volume of Marangoni flow is re-
riesented in Fig. 20 As can be seen, there 15 ali- 5y, 9 vadation of the

N - . - flowed
near variation which pointsto establishment of @ jiquid volume as a function of time for
steady {low rcgime. This conclusion agrees with  different surface tension gradients.

- - . . IS R “grve (1 _ D N -
the fact that the surface tension difference is Curve (1) (o, —oy)= 28 mN/m
kept constant during the {flow. Some scattering Curve (2) {oy—oy)= 5.2 mNim:
* _] cons 8.. & tie Low. o0 stattering ~ Curve (3) (gp—0y3-- 7.3 aN/m:
e the cxperimental points can be attributed to e Curve (4) (my— 0= 113 m:N/m
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slight temporary disturbance of the liquid surfade horizontal alignment, which
cannot be completely avoided, despite the precautious measures taken.

The flow rates have been derived from the slopes of experimental straight
lines like those in Fig. 2, by using the least squares method. The such obtained
values are given in Table 1, together with those calculated according to Eq. (1).

Table 1

Comparison of the experimental and the ealeulated rates of fNow

No (ny ay) Q\‘KXJ - LCHRTE I (T
mN/m cmd/s emdls
0 flus) CO -
1 2.8 3.4 4.0 4.7
2 3.3 3.2 4.8 6.0
3 3.5 3.6 3.1 6.4
+ 5.2 6.4 7.5 10.1
5 7.1 16.2 10.3 13.7
6 7.3 . 10.3 10.6 14.8
7 10.2 ' 12.6 14.7 21.6
8 11.5 15.0 17.0 24.3
9 4.5 7.0 6.8
10 8.5 9.4 12.6
No,o 18 - snrmc’ tension gradients induced by temperature differences
No. 9 -10 — surface tension gradients induced by differences in surfactant concentrations.

Taking into account that the variation of the liquid viscosity likewise the
canal is not known, the rates of flow have been calculated as functions of the vis-
cosity of the cold Hquid u,, or of the average viscosity g (see Table 1). It can be
noticed that the experimental values are in a good agreement with the values
calculated in the first variant (by means of w,). The fact is plausible because when
the liquid is about to reach vessel (2)its viscosity is that one corresponding to tem-
perature T, (T, < T, up > u,). One can also suggest that the liquid in the mctal-
lic canal has got the viscosity value corresponding to the room temperature —
that is a value close to that of the cold liquid (u,).

Considering that surface flow can be accompanied by thermal convection,
we tried to assess the contribution of the latter to the overall process. That is
why we have measured the Marangoni flow, generated by surface tension gradients
induced by surfactant concentration differences, at constant room temperature
(17°C). The obtained results and the evaluated flow rates are situated within the
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Fig. 3. Dependence of the rate of Muarangoni ': vzi *
flow upon the tension gradients. ¥ ; .

— ‘T'heoretical curve Iig. (1): g e d

- Experimental values for gradients induced R o
by temperature differences: @

— Experimental values for ;\rddxents indu- (I S S SR R
ced by surfactant concentration differences: (8y-Ba) i

values determined by temperature differences (Table 1). In Fig. 3 are given the

theoretical and the experimental rates of flow,

as functions of surface tension

gradients generated in the two ways. A satisfactory agreement is found between
the two sets of results, what allows us to infer that thermal convection does not
play an important role in the overall 1)r0cess under consideration. This finding

also agrees with some data in the literature |

9 1. For that reason, we suggest that,

in the model of Marangoni flow brought about by tunperature differences and

experimentally studxcd by usin the present w ork ainission of the energy equation
s justitied.
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THIN LAYE HR()\I\I()( RAPHY OF SOME DIRECT DYES

SIMION GOCAN*, JOAN PANEA*, ILEANY ANECHITED

Doceived: Merch 24, 10590

This stady deals with the chromatographic behaviour of 12 industrial direct dyes.
Precoated Silica Gel 60 Merck plates with concentrating zone were used. As ejuent
we used the following svstems: pyridine/33°; ammonia/isobutanel. (1:1: 3
v/v), dicxane/3539, ammonia’isobutanol (1:1: 3, v/v) and quinoline/35°%, ammo--
nia/isobutanol {1:1:3, v/vi. These three eluent systems behave very much
alike, so they can be cousidered isopartitives. It has also been found that most
of the examined industrial dyves do net have o unitary compesition. o conelude,
mothe deseribed conditions, thin layer chromatography together with — photo-
densitometric quantitative analvsis are valuable means to test the quality of in-
dustrial Jdirect dyes.

lml'odm‘tims. Dircet dyves used mostly to dve collidosic matetials must have
a certain woleculer conliguration in order to heve suyport aifinity. This confizu-
ration Impilcs moluu]ar extensive coplanaiity, achicved by a system of 89
conjugatcd double bonds which are moestly part of the aromatic svstems. The
most used modality to obtain dircet dyes 1s the azoic coupling of difuncticigl
diazonium salts or'and coupling components. Undcr these circumstances niaavy
rcactions take place, which lcad to the formation of manv u\mpmmds so that,
very often, the direct dyves resulted from svuthesis are mistares of isomers or of
many othcr compounds. This is the form in which they are uscd in dving, taking
into corsideration on the one hand their comp 1‘(11)11;‘(\' and cn the other, the ex-
treme ditiiculty of their separation into pure co mpenents 131

The conumercial dircet dves usualiv contain various other conwpon(nts added
in order to bring them to the standard tinctorial strength and also to achieve the
desircd shade 4. Conscquently, a lot ¢f commercial dircct dyes are mixtures
1->5

This is the reason for which thdir analvsis and scparation into componcuts
is necessary for a more thorough characterization (inclusive for quality control))
For this purpose we have tri( d to use thin laver chromatography. This category of
dyes contains sulfonic or carboxiic groups whi h assures the solubility in v a‘er
in form of sodium salts. Ihls tact led us to the idea of using statlonar§ phases
and cluents suitable for a sy aration mechanism through ]3(1.1(‘-11(11‘1 d distribu-
ticn.

The stationary phase most often used to sqparate direet dyves by thin laer
chremategraphy is ¢ hc silica gel. As a mobile phasc phenolwatcr {(4:1, v/v) 5,;
chloroform 2-proj auol water (1:3:1, v/v), and n- butanol &thxl dutatc*\\; t
(8:1:3, vivj [7 has been used. The cluent formed from [iopancliisobutalolf

§

i

¢thyvl acetate/water (4:2:1:3, v'v) 8! was used to detect the falsification cf
reactive dves with worth ](‘« dircet dves.

 University of Clup-Nopoca, Faculty af Chenustey, 3400 Ciuj-Napoca, Romicnig
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Fiucnt systems with an acid character @ n-butanol acctic acid/water (4:1:
5, vivy 175, and with a basic character® n-butanol/water/ammonia (2:1:1,
viv) 19, buthyt acetate/pyridine water (61913, v/v) 78, 107, n-butanol/ct hanol/
ammonia/pyridine/water (8:3:4:4:3, viv) [, buthxl acetate/ pvrldme/
quinoline’water (3:3:1:3, viv) (12 ethanol/ammoma with water (1:9)/n-
butanol (9:2:5, v/v) {13 and 2-propanol/ammonia/water (7:1:1, '\) 71,
for different dasscs of dyes have also been used.

In order to scparate direct dves besides silica gel there were also used cellu-
los¢ lavers and the following cluent svstems : propanolfethyl acetatew ate 6:
13, viv) and benzyl alwhol dimethylformamide/watér (4:2:1, v/v) [70. La-
vers with different types of alumina and a system 'of etanol /water [14] were also

used as cluent in dlligruxt })I()l)()ltl()lls(lu,()!dlll” to the alumina tyvpe whichwas
being  wsed.

Experimental, We analysed 12 industrial dves in their commercial form (Table 1) and other
thros dyes: o
ow 1PIL

a naphtalinic analogue of direct fast vellow EPI, (Romania), unconditioned direct fast

Romaniai and sirins Huht vellow GD without inorganics (inorganics were separated by
» g the dye with dimethylformamide,

amtone REEN

v
: filtration and precipitation of the dye from filtrate with

Prcpuriments woere carried ont on precoated Silica Gel 60 Merck plates (the thickness of the thin
laver was 0,25 mnn with concentrating zone.
As eluent we used ternary

mixtures with the following composition : pyridine/ammonia 35%/
isobutanol (1:1:3, v/vi, dioxanc,ammonia 33°, /isohutanol (1 :1:3, v/v) and, quinoline/ammonia
337 Asobutanol (1 103, vivi These svstems were selected according to the Hildebrand solability
parameters and are considercd as bueing isopartitives |

The developments were made in N-saturated chambers. We applied % wlispot of 0.1°] alcoholic
solation from each dye. ;
The photodensitometry by veflfevion was vuede with BRI 685 Carl Zeiss Jena (DDR! photodensito-
meter using a 400 nm filter.

15 .

tesulls and  Biscussion. Thie vesults concerning the chromatographic beha-

viour of the 15 samples of dves are given in Table 1. From these results we come
to the conchision that most of these dyves do not have a unitary composition, be-
causce cxeopt for eryvsofenine and dircet vellow 49, all the dves examined exhi-
bited wore chromatographic spots (Table 1). Some of these dves have a main
component, the other components being found in. traces (d.g.: dircet yellow 1,

direct \\im\\ 11, direct vellow 27), while other dves L(mtqmtd many components
of about the same concentrations (c.g. dircet vellow 44 and direct fast vellow
EPIL). These results are

cendirmed guantitatively in the case of dircet fast ve-
low T9PI, 2509 using the pm;tomp\t'itmmtric analyvsis, )
The peak arva was cstablished with a planimeter. The concentration of
cach u.mponcnt in the sa,nplc is calculated by the so-called normalized peak
arca: C = 100 A, /ZA, (%). In certain cases we can assume that the normalized
pralk arcas give the LOllCGlltIatl()n directly. This is generally true for most dyes
il a velatively small range of closely related components is analyvzed. In these
cases, the normalized peak area values are usually taken as weight per cent of dhe
individual components in the sample. The results are given in g, 1 and Table 2

o




I\Rf values for some industrial direet dyes on precoated SILICA GEL 60 Merck plates with eonceitrating

Table 1

zone

Name of the dye

Eluent system

.

Pyridine/337;, ammonia/ dioxane/ 35°, ammonia/

isoh il (b
-

quinoline/35%, ammonia/

3. v/ v) isobutanol (1:1:3, v/v) isobutanol (1:1: 3m, v/v)

[~

wn

~1

9.
10.

1t
12.
13.
14

Direct fast vellow EPL unconditioned

Crysofenine (CI 24893)
Direct vellow 12 (Francolor)

Brilliant vellow (CI 24890)
Direct -vellow 4 (Romaniay

Direct vellow 11
(C1 40000) (Baver)

Direct yellow 27
(CI 13950) (Ciba-Geigy)

The analogue with x-naftol of Direct fast
vellow EPI, (Romania)

Direct vellow G Dircet vellow 1
(CI 22250) (Romania) -

Direct vellow 44 (CL 20300} (Poland)
Sirius light }‘dk){\' GD without inorganics

Sirins light vellow GD
Direct vellose 110 (Baver)

Direct vetlow 134 (CI 29048) (Francolor)
Direct vellow 49 (CI 29035) (Geigy)
Direct vellow 30 (CI 29025) {
Direct light vellow OSSR

Poland)

Dircct fast yvellow LIPL 230°, (Romania)

n*, 15, 16,
34, 45

46

0*, 9, 18*

0, 6%, 10*
18*, 32, 63*
0, 18, 28*
11, 34

28, 29, 33
16%, 18*%, 25, 33 36+

15%, 19%, 23, 33%, 37+

28, 32% 34*
24

8, 25*

3, 16%, 44

0 14, 25, 27, 30, 33,
42, 46+

2w, 27 3],

0*, 3%

38

0, 14%, 22% 27 33+
0%, 31

2, 26, 30
G* 14 20* 33*
7, 14, 21* 33>

23, 26%, 29
19

0, 12+

0, 10% 40+
0, 3%, 5%

39, 41*

10, 20, 29,

, 6,10, 19, 28, 36 0%, 7% 10, 13, 18, 26, 40

12
0%, 4, 10+
), 3* 6*

25, 64+

0, 10*, 11* 13* 15
24, 33
0% 29, 36+

200,

18, 22, 29

6*, 10%, 15, 30%
5%, 0t 16, 30*
17, 27*

15
0% 3, 13*

2, 9% 44

0, 6% 8*, 13,

, 13, 18, 26, 40
450

* Traces of the dyc

D13 N¥DOO 'S
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Fig. 1. The photodensitogram of the direct fast yellow EPL 2509

dve conditioned with NaCl, obtained at 400 nm. Precoated Silica Gel

60 Merck plates with concentrating zone. Double development with
prridine/33°, ammonia/isobutanol (1:1:3, v/v).

Table 2

The hit; values and the proeentual concentration of

the components of the direet fast yellow EPL 2509

indusirial dyve corresponding to the densitogram f{rom

Fiy. 1. Drecoated Siicla Gel 60 Merck plates with con~

centrating zone. Deuble development with pyridine/
35°,, ammonia/isobutanol (1:1:3,v/v.)

Numhber of h 1\": velues Conceniration

pear ' (%)

1 18 9.65

2 24 7.00

3 32 15.20

.4 38 2475

5 48 36.85

6 51 6.58

The quantitative analysis of the densitogram points out that during the syn-

thesis many compounds of different concentrations were formed.

The following structures I—I1II might appear due to the synthesis of the

dircet fast yellow EPIL 250% dye 715, 16]:

4 ro-( ) N=N©—CH=[H©—N=N©'OR
' o0y S0,h

-

TR -H CHCH-0H 3 T (R -CHy=CH-CH, 1)
0 o

ur {R;—CHZ—gH-CHZ-OH} IV(R. -CH, -CH; |
OH



s

he ’ S. GQUAN ot al.

Once having examined these structures and taking into consideration the
adsorption cnergies for the —O-—cther, -Cl and -OH atom groups [17 ! we could
establish the following polarity growing rate jor them: IV < I << IT< I, and
we could also establish the probable peak corespondence in the densitogram
(Fig. 1) and (Table 2): peak 5 for structure T: peak 4 {or structure IT and peak
3 for structure I1I. The attribution of pcak 3 to the diejoxide is sustained by the
fact that it is the most similar to crysofenine (IV). 1f we examine the chron
graphic data from Table 1, we realize that the IR,
comparable with the hRy -
crysofenine. , .

The AR; values 1n Table T point out that the three cluent svstems behave
in an identical way, so they can be considered isopartitive [181,

To conclude, thin layer chromatography together with photodensitometric
guantitative analysis are valuable mcans to test the guality of the examined in-
dustrial direet dves in the deseribed conditious.

mto-
46 value for ervsofenine is
42 value of the dicpoxide which is more polar than
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NEW HETEROPOLYONOMETALATE ANIONS WITH HETEROATOMS
IN NON-EQUIVALENT  SITES

II. The "Study of the Reactions of Formation (1)
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In the studies of the reactionsof formation of some heteropolyoxometalate
anions containiig heteroatoms in non-equivalent sites, of the types PZMo,W Oy,
(HLO0P 7 and PyZMoW O ((H,08 - (where Z = Mall, XNitl | Culli with modi-
fied Kegyzin an 1 modified Dawson structure "t‘sl)utl\d\ the optimum pH range
of formation has been determined by high tension paper electrophoresis.

Introdustion. The heteropolvoxometalate antons (HPOM--A) of the types
PN G, W0 (iLO A and  PLZAMoW 4Oy (H,O)5 7, C(mtaining hctereatoms  in
non-cquivalent sites, withh mec dific Keggin and modificd Dawson structure res-
pectively, are formed according to a general reaction:

. s ’ {1¢ 7]
mZo 4 nla o2 Z, Ly T Y]

where: 77 = Mn*", Nzt Cu?”?

;L4 = HPOM—Al g = PMo,W,03 ,
P,MoW, O

The study of the reactions of formation in solution aimed to establish the
conditions of HPOM-—A synthesis, namely :

— the optimum pH range of formation ;
— the stoichiometry of the reactions.

This paper is devoted to the determination of the optimum pH range of
formation of the studied HPOM—A. !

Generally, papers concerned with HPOM—A containing heteroatoms in
non-cquivalent sites make use of photocolorimetry, spectrophotometry or elec-
trophoresis to establish the pH range of formation. We consider that the electro-
phoretic methods eliminate some disadavantages of the photocolorimetric and
spectrophotometric methods, when the reagents and the reaction products are
liable to complex transformations within a restricted pH range, and are especially
recoonmended for the study of the reactions of formation of the coordination
compounds in solution.

The high tension paper clectrophoresis has been used with good results in
the study of the reactions of formation of some HPOM—A [1-8].

* lastitute of Chemistry, 3400 Cluj-Napoca, Romania
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Revalts and Diseussion. Taking into account that the formed HPOM —A
arc of the type 1@ I{m==n:=l), as it is shown by the study of the stoichiometry
of the reactions of formation, and ignoring the clectric charges, Fq. (1) becomes :

Z+ L =4l (2)

The reactions between the Z transitional cations and the I, HPOM—A li-
gands (where 7 == Mn2', Niz*, Cu?*; I, = PMo,W,0% . P,MoW O ) were
mvestigated by paper clectrophoresis. .

The sum of the electrophoretic mobilitics of the {onic speeies in the systems:

me'i
i .
YT e 3
T (3)
¢
i
b comes, when the experiments are performed in HPOM -\ ligand scdiun -
TRYAE S RVAR

L B A — (4)
VAESRVAN '

where ! u == the sum of the electrophoretic mobilities ;
i, Wy, U = the electrophoretic mobilities of the ions i, Z, ZI,;
¢;, [Z1, 121, == the concentrations of the ions, 1, Z, ZL.
The ()ptmmm pH range of formation of the studied HPOM—A of the type
Z1, (where ZI, = PZMo,W,Og4(H,0)3~, PZMoW 404, (H,0)87), can be establi-
shed by determining the sum of the cleatrophorctlc mobilities for diffcrent pH
values and by plotting the function w = {(pH).
The measurement of the electromigration of the ionic species allows to de-
termine the sum of the electrophoteric mobilities by using the Kunkel — Tise-
lius relation [9]:

g = L ‘_) (5)
It

where : u, == the suny of the L\pcrimentallx determiued electrophoretic mobili-
ties ; d == thL migration of the ionic species; V = the applied potentizl diffe-
rence ; 1 = the length of the Lhromatographlg paper ; 1'/1 = the porosity factor
of the chromatographic paper.

For the determination of the real value of the sum of the electrophoretic
mobilities (u), the adsorption on the chromatographic paper of the formed
HPOM-A must be also taken into account, according to the relation:

1 } .
o= tq —I:f- (6)

The average R; values for the formed HPOM--A, determined by ascending
paper chromatography, are given in Table 1.
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Fable 1

The average Wi values for HPOM-—A (on Karl Schneider Schull
chromatographie paper)

HPOM — A R¢
PMnMo,W 0,,(H,0)% 0.90
PNidMo,W Oy, (H,0)5~ 0,94

PCuMo,W Oy (H, 003 0.97
P, MnMoW,; Oy, (F,0)8 094
P,NiMoW,,0,, (O~ 0.95
P,CuMoW, O (FLO*~ 0.98

The migration of the ionic specics and the sum of the clectrophoretic mobi-
litics as a function of pH, for Z/ZL, svstems, are given in Tables 2, 3 and 4.

Tuble 2

The migration of the ionie specles and the sum of the electrophoretie  mobili-
ties as a funetion of pHJor the systemsx MnZ: /PMaMo W, 0, (H,0)5~ aad
Mnu2+ [P, MnMoW 0, (11,0)5

M2 PMn Mo, W Osy (1,00 M2 PMIMOW, Oy (HyO
, pH d 7 d “w
(1072m) (107 8m?*V - Is7h) (102 (107 8mm2Vv 151
1.5 ~- 4.2 —1.98 — 4.8 2.03
2.0 —3.4 —1.680 - 3.3 1.58
2.5 4-4.2 --1.98 3.6 42,52
3.0 +6.7 +-3.16 4 7.2 +-3.24
3.4 +7.2 -4-3.39 L 8.0 -+3.60
4.0 +7.3 --3.44 +8.2 +3.69
4.5 -+6.8 +3.20 +7.8 1-3.51
5.0 +6.0 -+2.83 +7.5 ’ +3.38
5.5 +3.4 +- 1.60 +7.1 +3.20
6.0 +3,0 +1.41 5.7 -+ 2.57

5.5 - 4.5 +2.03
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Tabic o

The migration of the fonie specles and the sum of the electrophoretic mohili-
ties as a funetion of pll, for the systems NiZo /PNiMo, W 0, (11,0)3 and
NiZ© /P, NiMoW O, (H,0)3- .

Ni* *,"I’Ni,\lug\\rﬂ();m (H,O07 Niz /P, NiMoW, O, (H,0) -
pi d w d ) w

{107 2m) (107 3m2\ gL (10 o (107 %m2V "1
1.3 —3.7 - 1.67 3.8 1.69
2.0 —2.8 .- 126 —3.1 —1.34
25 +3.2 4144 435 +1.36
3.0 44 - 1.98 3.1 -+ 2,27
3.3 4.7 212 +7.0 +-3.12
4.0 43 52,03 +7.8 +3.48
4.3 4.2 --1.88 +7.9 - +3.52
5.0 L3 144 67 4-3.43
5.5 =25 By -+ 7.3 3.35
.0 20 --0.90 601 4272
a5 3.5 4-1.16

Table 4

The migration of the lonie species and the sum of the electrophoretie mohi-
lities as a funetion of pH, for the systems Cu2+ /'l'()uMozwg();m (M,0)3— and
CuZ+ /P,CaMoW, 0, (H,0)5 -

Cu ™/ PCuMo,W,0,, (HyO19- Cut+/P,CudMoW,, 0, (ILOB~
pH d u ) d "
(10-2m) (10-8m2y =151 (10~21m) (10-8)m2y ~15-1)
15 44 192 45 -~ 1.95
2.0 —3.1 —1.52 36 —1.56
25 1927 1,18 +3.1 1220
3.0 1-4.0 4174 165 _ h2st
3.5 +-4.1 +1.80 472 +3.11
10 138 +1.68 +7.9 4341
15 2.7 el 7.2 +3.11
5.0 +2.3 +1.00 +6.8 +2.94
5.5 120 10.87 +41 +1.77

@
=]
+
e

+0.78 +3.2 --1.38
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The values d and y are noted with +- or - as the ionic species move either
towards the anode or the cathode direction.

On the basis of the values shown in Tables 2, 3 and 4, the variation of the
sum of the clectrophoretic mobilities, as a [unction of pH, has been plotted  {see
Fig. 1, 2 aud 3).

. phioBm2y-ish plomvish
o

-
"qunmw,sommzoﬁ'
Hg0v

)lmmazwgoagﬂzas'
P oonitZEsT

b4

b——" =K
Pun?|T335) 1=5C

Pig. 1. The variation of the sum of the electrophoretic
mobilitics, as a function of pH, for the systeins:

a) Mo®+/PMnMo,W, 0, (H,0)~

b) Mn*t/P,MnMoW, Oy, (1,08~

p gy ish

Syt . 4 .
.4 . 4
: SO 1 FayNiMowyg 0y (1,05
T AT H90%
i N 29 e
H I
) i : ’\\/,‘;\
14 PNzw:wgowanu_ ?\\ G 2
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= i : beon
: |
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i )
i T,
oo
0 i |
1 2} 3 4 5 & 734
PN 2
-2 -
1,96} .

'

Fig 2 Thr variation of th? sum of the eclectrophoretic

mailitios, as a fanction of pil, for the systems:
) NitH PNIMo, WOy, (00"

di NI ENDIGW, O (L O™
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b

*2

Hao%

3l

T:5°C

N

3. ‘T'he variation of the sum of the
mobilities, as a function of pIi, for the
e) Cu?  /PCuMo, W 0Oy, (Ha(0)3~
f) Cut /P,CuMoW O, (H,0)5-

p 1082y s

PRy Cu Mo Oy 4,0

electrophoretic
svstems :

The simple S shape of the clectrophoretic curves points out the formation
of unit coordination compounds, namely HPOM—A containing heteroatoms in
non-equivalents sites, and not the formation of mixtures of coordination com-
pounds. The values of the mobilities for the ionic species in the system are obtai-
ned by cxtrapolation at the ordinate the highest and the lowest values of the
electrophoretic mobilities (sece Table 3).

Table 5

The eletrophorefle mohilities of the fon 72, PZMo,W 0O, (H,0)5~

and P,ZMoW 0

[

L (B,0)8—

Ion _ g -
(10 3mPV 151y
Mn2* —-2.35
Nizt —1.96
Cuzr —2.30
PAM0MoyW Oy (HLOF - £ 3.44
PNiMo,W 0y, (1,0~ 1212
PCUMo, WO,y (H, 0P~ +1.80
PaMuMoW 0, (H,0)8~ +3.69
P,NiMoW ;O (H,0)3~ +3.52
P,CuMoW ,0,, (H,0)8~ +3.41
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The range of formation is correlated with the range of stability. We have
considered that the optimum range of formation of a ZI, HPOM —A is the pH
range within which at least 907 out of the Z *T cation is coordinated as a secon-
darv heteroatom into the polyvanionic edifice. The sum of the clectrophoretic
mobilities for the extreme value is:

EJ.Q(,/W") = Ol Ly ‘}“ ()9 :\).7,)" (7)

The optimum range of formation was determined frem the electrophoretic
curves, see Fig. 1, 2 and 3, which correspond to a pH range where the condition
@ 2= e, is obeyed.

The values pgor, and the optimum pH range of formation for HPOM—A
of the types PZMo,WyO4(H,0)3~ and P,ZMoW 04, (H,0)8~ respectively, are
presented in Table 6.

Table 6

The optimum pH ranye of lorination for the HPOM-A PZMo,W 0, (H,0)5— and
P, 7ZMoW 0, (IL,0)5~ .

udo, o
HPOM-—A (10-3m*V7is 7 pI range

PMn)Mo, W 0y, (H, 0~ 2.86 2.8-35.0
PNiMo,W 0,3, (H,0)5~ 1.71 2847
PCudMo,W Oy, (H,0)7~ 1.36 2.7—-4,3

. PaMnMoW, O, (H,0)8~ 3.09 2.8-35.6
P,NiMoW,, 0, (H,05~ 2.97 3.3-5.7
P,CuMoW,,0,, (F,0)8~ 2.84 3.0—5.1

If experiments are performed at different concentration of I, HPOM—A
ligand, by plotting the dependence of the electrophoretic mobilities on this con-
centration, the determination of the values of the stability and instability cons-
tants of the new formed ZI, HPOM—A mayv be possible, as a rule, on the basis
of certain theoretical approximations and graphical ‘extrapolations [1—6, 8].

We consider the theoretical approximations of the electrophoretic method
referring to the determination of the respective constants to be too large, parti-
cularly for HPOM—A; also the minimum differences of the e\pulmultal values,
placed within the limits of errors, owing to the precision of the mcthod, exert
too great an influence on the final results. That is why, the error of the electro-
phoretic method for the determination of the stability and lnstdblhty constants
exceeds one order ol magnitude.

Owing to the above, we consider the ,,in extenso” presentation of the results
obtained by applying the electrophoretic method for the determination of the
respective constants to be inconclusive. Tet us just mention that the values of
the stability and instability constants of the HPOM—A PZMo,WyO4,(H,0)5~
and P,ZMoW 40, (H,0)*~, determined by electrophoresis in aqueous solution

§ — Chemia 171990
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at pH == 4, arce included in the range 2 ¥ — 105 and K~ = % —10-%
respectively. ’

Experimental. An instalation for bigh teosion paper electrophdresis | Phe:o o - ph-Original
Frankfurt Typ 64”7 (Vetter KG - Wiesloch, GPR} was used. The pH of the solutic .~ s measured
using a pll-meter |\ MV-84" {Clahmann & Grahnert Dresden, GDR).

The experiments were performed in o medium of MPOM—A ligand L = P32 V0,77 and
PoMoW, 0,10 respectively, of concentration 1072 M, inthe range of pH = 1,5- ¢!

The solution containing the transitional cation 7 =: Mn?2* Ni*" or Ca?* was o« slied i the
cehrom atographic paper using a micropipstte.

As reagents were used

I, {PMo,W Oy, - - 13IT,0 and Ko P MoW, O - I9ILO for the preparation o7 ¢ho I ITTPOM —
A ligand solutions;

MuCl, - 4H,0O, NiCl, - 6H,0 and CuCly - 2H,0 for the preparation of the 7 transitioual ca-
tion solutions. .

The pH of the sclutions was adjusted with 10671 M HCT and 107 M NaOH. The ionic strength
was kept constant by adding 1071 3 KC1O,.

A, Karl Schneider Schull” (Merek, GFR)Y ehromatographic paper (40 X 4 om’ wes used with a
porosity paper of 1/l = 1.69. :

3

The clectrophoresis was performed in the following cenditions: potentiot difference Vo= 1300\
intensity I = 2.5 1077 A, time t IROD & and temperature 1= 57C.

The movement of the fonie species Ly cicetromigration was observed by watching the specific
colour, namely by developing with a diluted solutien of Ky Fe(CN) . A glucose solution, electrically
neutral, was deposited next to the solution containing the transitional cation: The movement of the
ions was related to the glucose position, which may be regardad as a starting point.

The Ry valucs of the formed HPOM -~ A were detarmined by ascending paper chromategraphy.

Conclusion. In the study of the reactions of formations of HPOM—A contai-
ning heteroatoms in non-cquivalont sites, of the types PZMo, W, 0,40(H,0)3~ and
P, ZMoW ;O (H, O}~ (where 7Z - Mn¥, Ni¥, Cu'), the optimum pH runee
of formation has been determined by high tension paper electroplioresis.

The results obtained by interpretivg the electrophoretic curves can be re-
sanicd in the {oliowing two points:

1) HPOM—A of the type PZMoW, Og(H,0)*~, with modified Dawson
structure, are more casiiy forncd and are more stable than HPOM-— A of the
type I)Z.;\'JOZWQ(‘)SQ(IVL_,('))"’.”, with modificd Keggin structure ;

2) The influence of the Z°*  transitional cation on the formation and the
stability of HPOM - A, within the came series, can be expressed as:

Mn27 . Nite / Cuzt

the stability iucrcase

the formatiou capacity increasc

The above mentioned poiuts have the following consequences :

a) The most casily HPOM-— A to prepare, as well as the most stable  is
P, M Mo W, 04, (H,0) 8™ ;
‘ b) The most difficult HPOM— A to prepare, as well as the less stable
is PCuMo,WyO,(H,0)5~.
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NEW IH‘:TER()I"(‘V)LY(')X(X\II':'I‘;\LA\'I‘R ANTONS WITH HETER: ATOMS
IN NON-EQUIVALENT SITES
1I1. The Study of the Reactions of Formation (2)

ADRIAN P;'\T“lf'l‘;F and ALEXANDRU BOTAR®*

Apiil 12, 1990

Continuing the study of some heteropolyoxometalate anions, containing
heteroatoms in non-equivalent sites, of the types PZMo,W O, (H,0)*~ and
P,ZMoW 0 (H,0#7 (where Z -« Mol Ni'F, ¢ully with modified Keggin and
modified Dawson structure respectively, the stoichiometry of the reactions of
formation in solution was determined Ly using the molar ratio variation method.

’ The results obtained by spectrophotometry and conductometry show that the re-

action products may be considered as 1: 1 coordination compounds of the tras-
sitional cations Mui* 7, Ni** and Cu?t with the unsaturated heteropolyoxometalate
anions PMo, W, 0,7 and PuMowW O as digands.

Introduetion. The botaropolyvoxometalate anicns (HFOM—A) containing
heteroutoms in von-cquivalent sites, of the tvpes PZMo,Wo Oy (HO)2 and
P ZMoW (5 Oy (FLOP |, with moedificd Keggin and medified Dawson structure
respoctively, are termed according to o voncral reaction

mze s nlie e 2, 0,00 T (1)
where: 277 = Mn¥ ', Nigv, Cus ;Lo o HEPOM— AL = PMo, WO
PyMoW O, .

Continuing the study of the rcactions of fornatien in solution (1), the stoi-
chionictry of the processes was ipvistigatca 1o ostablish the coefficients m and
n of the reagents. With this atm it vicw, the molar ratio variation method was
applicd to the spectrophotomctric and conductomctric study ¢ of the reactions
of formation. We note that, although spectrophotometry and photocolorimetry
arc often used for the determination of the stoichiomctry of the reactions of for-
mation of HPOM— A with heteroatoms in non-equivalent sites [1—97, conduc-
tometry 1s less preferred, in spite of its stmiplicity and sceveral advantages 5

Results and Biscussion, By adding :clutions containing hydratcd cation
/f;{ to diluted colourless aqueous solutios of I, HPOM - A ligand, the occurence
of « relatively intense colouration is observed, owing to the rapid formation of
Zyl, HPOM - A containing heteroatoms in non-cquivalent sites. This fact allows
the study of the respective reactions of {formation by photocolorimetry or, for
better accuracy, by spectrophotometry.

Reagent solutions with different molar ratio were mixed and the extinction
was nocesured at determined wavelengths, The chosen wavelengths and the va-
lues ¢t the molar extinction coddiicicnts are shown in Table 1.

clnsatute of Chenusiry, 3t Cluj-Nepoca, Romuania
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Table 1

Experimental wavelengths and molar extinetion coeffleients in the speectrophotometric study of the

reaction of formation of HPOM-A of the types PZMo,W 0, (1[,0)>" and P,ZMoW, 0, (H,0)%"
(where 7 - Mo, N, cull)

Molar extinction

Reaction of formation Wavelength ““"fﬁfientp ‘

nfe + nl w2 Zy T, x(nm) g{l. mol™t cm™?)

sz)}ll'ﬁ EZ ;

MuZ - PMo,W,0l5 @ PMnMogW,0,,(H,0)~ 420 165 -0 =0
460 60 —0 —0

Ml P MoW 04 @ PoMndMoW, 0, (ILO® 460 120 =0 =0
500 75 —0 -0

NiZ " -+ PMo,W 0%y 2 PNiMoyW 0, (11,0~ 775 10 12 0
NiZ 4 P MoW, 04 2 PNiMoW, 0, (1,0} 700 13 2 S0
Cul " + PMoW, 055 2 PCnMo,W, 0, (H 00 800 50 9 b
Cull + PeMoW O @ PiCuMOW 0, (H,0)% 870 33 9 =0

For the reactions of formation of the Z,I,, HPOM—A with Z = Nil! or
Cu' as a secondary heteroatom, the determinations were performed at the
absorption maximum of the corresponding d-d clectronic transition bands, where
the absorption of the I, HPOM — A ligand tends towards zero, while that of the
Nil or Cu!! transitional cation, with absorption maxinia at lower wavcelenghts,
15 reduced.

In the particular casce of the reactions of formation of the VmLH HPOM—A
containing 7 == Mn' as a sccondary heteroatom, without d-d bands in the spce-
trum, the daternnnatlons were perfermed on the charge-transfer band, prolonged
11:1to the visible range, due to the participation of the secondary h(teroatom MnH
in the charge transfer within the apion. In the choscn range, the absorption of
the I, HPOM— A ligand and that of the Mn' cation is actually zero.

The variation of the extinction of the mixed solutions, as a function of the
molar ratio of the rcagents, was plotted (see Fig. 1, 2 and 3). :

The spectrophotometric curves consist of two segments, with the intersce-
tion corresponding to a molar mtlo of the rcagents m:n = 1:1.

In the case of the reaction of formation of the Z,L, HP O\I~A with 7Z =
== Mn'' (see Fig. 1) the cxtinction increases only to the equivalence point, pro-
portional to the concentration of the reaction product. Experiments were perfor-
med at two different wavelenghts, to check out the independence of the results
on the wavelength, on the obvious condition that the absorption of the reaction
product differ considerablv from the reagent absorption oune.

In the case of the rcaction of formatoin of the Z, I, HPOM—A with Z -
= Nitt or Cul (see Fig. 2 and 3) the extinction increases up to the equivalence
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point, proportional to the concentration of the reaction product and increase

. . . - D
more slowly after the cquivalence, owing to the absorption of the Nii, or Cuy,
cations at the chosen wavclengths.

2+

The high rate and the linear increase of the extinction, proportional with
the mwolar ratio up to the equivalence point, demounstrate that the studied reac
tions lead to the formation of I:1 coordination compounds, of the type ZI,
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Pig. 2. The variation of the extinction of
the solutions obtained by mixing the aqueous
solutions of NiCl, - 6H,0 and K, [PMo,W, 0, ¢ -
- 131,00,  respectively NiCl, - 61,0 7 and
Ko [PgMoW Oy 1« 19H,0, as a funclion of
the molar ratio (the concentration of the rea-
gents ¢ - 1072 M pH == 1; thickuess of the
absorbing laver d = 5« 107% m).
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Fig, 3. The variation of the extinction . of
the solutions obtained by mixing the agueous
solutions of CuCl, + 2H,0 and K, [PMo,W,0,,] -
- 13H,0,  respectively  CuCl, - 2H,0 and
Ky PoMoW 000 - 19H,0, as a function of
the molar ratio {the concentration of the rea-
gents ¢ == 10 2 M; pIl == 4; thickness of the
absorbing layer d == 5+ 1073 m).

e) Cull + PMo,W, 0

TR - ole-
f) Cujy + PyMoW 0
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representing HPOM-- A containing heteroatoms in non-equivalent sites. The
good observance of the Lambert-Beer law near the equivalence point suggests
relatively. high values for the equilibrium constants.

~ Further on, conductometry was used to establish the stoichiometry of the
-reactions of formation, following the same molar ratio variation method. Solu-
tions of reagents, with different molar ratios, were mixed and the conductatce
was meastured. The conductance variation, as a function of the molar ratio, weas

plotted (see Tig. 4, 5 and 6).

IMig. 4. The variation of the conductance of

the solutions obtained by mixing the aqueous

solutions of MnCl, - 4H,0 and K, [PMo,W 0,7 -

- 13I1,0,  respectively -~ MnCly - 411,0  and

K, p(P;MoW O 1 - 19H,0, as a function of

the molar ratio (the concentration of the rea-
gents ¢ == 1072 M; pH = 4),

aj .\1'11:,(! 1 PMUz“VU()zS’))

h)MnZ s P MoW O

R
103g" )
800 ' o

K -
TN PMogNg0y
w0l i

G2 G5 10 14 1

Fig. 5. The variation of the conduetance of

the solutions obtained by mixing the aqueous

solutions of NiCl, - 6H,0 and K, [PMo,W 0,,] -

- 18H,0;, respectively  NiCl, - 6H,0 and

Ky [PoMoW 0,1 - 19H,0, as a function of

the molar ratio (the concentration of the rea-
gents ¢ = 1072 M; pH = 4).
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Fig. 6. The varfation of the conductance of the
solutions obtained by mixing the aqueous solutions
of CuCly + 21,0 and K, [PMo,W,0,,] - 13H,0, ros-
pectively CuCl, - 2H,0 and K,;,[P,MoW,,O4 i -
- 191,0, as a function of the molar ratio (the con-
~entration of the reageuts ¢ = 102 M; pH = 4

e) Cu,zu’;r + PMo, W, 0%

f) Cult 4 PMoW 08~
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The conductometric carves consist of two segments, with the interscction
corresponding to a molar ratio of the reagents m:n == 1:1.

In order to explain the aspect of the conductometric curves, with a slower
increase of the conductance after the equivalence, the reaction bct\\ een the Muif
cation and the PMo. , WoOLy HPOM—A ligand has been chosen as an c,\ampk.

MnCl, - 4H,0 + K, [PMo,WyOy | - 13H,0 —

, , (2)
- K TPMnMo,W,0,(H,0)1 - 14H,0 + 2Kl + 2H,0.
Taking into account the ionic species in the aqucons solutions, the process
may be written as lollows:
- -Mn(ILOEY - 201
TK* 4 PMo, W05, —mtIOn 217 :
b —5H,0 (3)

— 7K * -+ PMnMo,WyOye(H,0)5 + 2C1—

- ’The initial solution of HPOM—A ligand contains K7* and PMo,W,05;
ious. As the solution of MnCl, - 4H,0 is added, the PMnMo, W04, (H,0)3” HPOM
~—A with heteroatoms in non-cquivalent sites appears to be formed, with an
cyuivalent ionic conductibility slightly lower as compared to that of the HPOM — A
Ligand. The conductance increase up to the cquivalence is due to the occurence
in the svstem of the Cl7oions, with high conductibility.

After the equivalence, the low soluble manganese salt of the resulting HPOM —
~A is formed, by further adding of MuCl, - 4H,O solution:

0K - 2PMnMo, WO (HL,0)p = E2MIEC T & 106

6,0 (4)
— A1y [PMnMo, WOy (H,0) 1, + 10K 4 10C1— ‘

The conductance increase after the equivalence, owing to the saae Cl-ions,
is slower tlue to the formation of the low soluble salt M, | PMuMoy, WO, (H,0) 1,

Experimental. The extinction of the solutions was measurcd using a ,, VSU —2P" (Carl Zeiss
Jena, GDR) spectrophotometer. The conductance of the solutions was measured using an
LO.K 1027 (Radelkis, Hungary) conductometer.

Different volumes of solutions containing tmmition:\l cations 7 = Mn2%, Nitt Cu?r, were added
to solutions of HPOM-—-A ligand T, = PMo,W, 057, P,MoW O with the same concentration,
to obtain differeat molar ratios.

As reagents were used:

K, [(PML,W, 040 - 13HL0 and K, (PMoW g0 - IVILO, for the preparation of the
1020 FLPOM -\ ligand solutions;

- MuCly - 4H,0, NiCl, - 6H,0 and Cully - 2H,0, for the preparation of the 1072M trapsitiongl
cation  solutions.

The pH of the reagent soluntions was adjusted to 4, into the optimum pH range of formation,
with 1043 HCL and l() "M NaOIL solutions.

The ionie srength was kept constant by aliling a 10 78 3 KC1O, solution.

[u the e of the sHyzeirophotometrie siwdy, the extinction of the solutions resulte dirom mixing
the reagents was measured. for different molar ratios, at determined wavelenghts, as well as the ex-
tinction of the reagent solutions. If by mixing the reagent solutions, a precipitate is formed, in excess
of transitional cation, the filtrate extinction should be measured.

La the cas: of the conductometric study, the conductance of the solutions resulted from mixing
the reageats was measured, for different molar ratios, as well as the conductance of the MPOXM—A
higand solutions.
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Conelusion. The stoichiomerv of the rcactions of formation in solution of
HPOM—A containing heteroatoms in non-equivalent sites, of the tipes
P7ZMe,We0,,(H,0P ™ and P,ZMoW, 404 (H,0)8~ respectively  (where Z = Mn™,
Nii,Cuy was determined.

The results of the spectrophotometric and conductometric studies demons-
a molar ratio of the reagents equal to 1. As’'such, the obtained HPOM—A
be considered 1:1 coordination compound of the Mn**, Niz" and Cu**
transitional cations, with the PMo,W,0f; and P, MoW 0~ HPOM — A as

Hcands,

&
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SURFACE EQUATIONS OF STATE FOR OLEIC ACID MONOLAYERS
ON ACIDIC AQUEOUS SOLUTIONS

FJANOS ZSAKO*, MARIA TOMOATA-COTISEL*, VURORA MoUANU® and EMIL CHIFU®

dleceived, April 25, 1990

Compression isotherms (surface pressure (=) vs. molecular area (A) curves)
of monolayers of oleic acid are studied. The compressibility factor, 7 = =A/kT
shows large deviations from the perfect gas behaviour. Different state equations
are tested on oleic acid monolayers at = < 7 mN/m. .\ new state equation
proposed by the authors is found to be better than the formerly used ones
predicting also the gas — lquid phase transition in good agreement with literature
data. By means of this new equation, interaction parameters are derived from
the compression isotherms of the studied subetancc,

Introduetion. Many attempts have heen made to give a mathematic deserip-
tion of the compression isotherms, i.e. of the surface pressure (m) vs. mean mole-
cular area (A) curves, recorded with both soluble and insoluble surfactant mono-
layers at the air/liquid interface. In this respect, we mention for example the fol-
lowing state equatioms (SE):

Perfect gas SE [1;:
mA = BT (1)

where k is Boltzmann’s constant, and I’ is absolute temperature ;
SE-s in which A is corrected for a co-area A, (21

I N

s

(A - A e KT 2)
in which = is corrected for an intornal sarface pressure =,
(= + =g - KT . } (3)

or both correcticns, ure applicd simaltancousiy (3

(= -+ = (L - A KT {4)

,

The two dimensicral van ¢or Waels cquation [4

(- 2 AZ(A — A,) - LT (5)

SE derived en the basis of scalad particle thoery 750
(r + 2/AHA(L — A7 JAP KT (6)
SE for cohering uncharged fils 16
(m 4 a/AY) (A — Ay = KT (7)

Virial type SE-s arc also frequéntls used 17, 8

* Universitv of Cluj-Napoca, Faculty of Chemistry, 349 Cluj-Naponea, Domanim
¥ / I 3 ¥ ! !
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By taking inte account the equality of the chemical potential of the solvent
molcculesin both the bulk sudghase and in the monolaver phase, for perfeet sys-
tenn s, the following SE has been derived [9]:
kT

- — Inx, (8)
A, '

)
I

where A, and x; stand for the cross-section areca and for the molar fraction of
the solvent molecules in the monolaver, respectivelv.

Using the duplex {ilm model [3 7, the following SE has been obtained [10::

kT

e

In(l —x,) — i x3 )
A, A

where 9, and x, stand for the interaction parameter between the polar head
group of the surfactant and water molecules, and for the molar fraction of the
nead groups in the monolaver, respectively, while =y 1s considered to be the
spreading cocfficient of the oilv laver consisting of hydrocarbon chains of surfac-
tant maoleenles on the hypothetical surface regular solution of surfactant head
croups and interfacial water molccules.

All the above mentioned SX-s were proposed for uncharged films. ‘T he pre
sent paper aims at testing several of the above cguations by using our cxperimen-
tal data 1117 concerning the compression isotherms of oleic acid (OA), recorded
on aqueous subphases, containing HCL and having pH == 2, since under these
conditions the ionization of the carboxyl group was found to be completely hin-
dered, and consequently the monolayver uncharged. Experimental details and
sturface characteristics derived were presented in {111

Results and Diseussion., Compressibility factor. In order to test the devia
tions {rom the perfect gas behaviour, the plot ¢f compressibility factor z =
= =A kT vs. = has been performed. As seen from Fig. 1 at very low = valdes
z is nearly cqual to zero, indicating very large deviations from the perfect gas
behaviour (z == 1) cven at the spreading of the Him (A = 0.6 nm?* molec).

Testing of stale equations. As a first preliminaiy sfudy, the Langmuir equation
(4) was tested, which, written as:

(A = Ag) = —mp(A — A & KT

suggests a linearization =(A — A,) vs. (A — A, by
presuming different A, values: = vs. A data obtained:
for OA have been processed 1 this wayv, None of the A,
ralues cnables us to Hnearize the whole = vs. A curve,
but ecach of the values used gives a linear portion, allo-
wing us to derive a 7, value from its slope. Results are / ‘
summarized in Table 1 S
Our second prelisninary studv concerncd . (9). We _
mention that Eq. (9) can be derived without using the f;‘rb’ (3{ %H;‘Fre:;l:ﬂlt\ fi;(@
duplw’x e model. Bearing in wind the cquality of the yers as function U?“:nl;)f;_
chemdceal potential of water i the subphase and in the ce pressure,

z=J-AfK T
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=

Tabl: 1

i

, values derived for OA hy means of Kq. (1) - A- yives the =

range in which the plot is nearly Haear

Ag Ta A
(mn?/molec.) {(mN/m (N nn
0.10 20 .83 : ST TS )
018 12.20 1.5....210
0.20 271 0.3.... 188
0.27 6.37 ne.... 7.7
(.41 1.77 020 20

monolayer, considered  as Deing  a - real solution, iustead of Eq. (8). onc
obtains 120
4 KT ,
T e Inx; — —1Inf, = =, 4w (10)
oy A

where f, stands for the activity coefficient of water in the monolayer. Fq. (104
shows that = has two components : =, which is (qual to 7 in the case of a perfect
solution, without intermolccular interactions and it can be considered as a kine-
tic surface pressure, and =;, which represents a surface internal pressure due to
the intermolecular interactions in the monolaver. It is obvious that = > 0,
and one has 7y > 0, for f; <~ 1 and =; <2 0 for {; = 1. Considering in a first appro-

ximation the monolaver to be a regular soluticn, ) can be expressed as

In 1, X2 (1

where 3 means

2y e

: ; (12)

In Eq. (12), p stands for the number of contacts of a molecule with ndgh-
bouring molecules, in the monolavir; g, €4 and e, stand f{or the potential encr-
gy corresponding to a watcr'water, surfactant'surfactant and water surfactant
contact, respectivedy. It s worth mentioning that 2,4, e, and g, all bave mooetive
values. Obviously, one has =; = 0 lor 8 < 0 and =; ~. 0 for 8 = 0.

Since the water moleeul s are inserted hetween the polar head groups, and
there are no water molecules between the air phase hydrocarbon chains, e,
is determined by the interactions between the water molecules and the polar
head groups of the surfactant. Further, z,, may be decomposed into two terms
ey, corresponding to the head group/head group interactions of dipole/dipole
type, and g, coresponding to the chain’chain hyvdrophobic interactions of dis-

-
«

persive type. Consecucntly, X, (12) can be written as:

" L LIt 4 ' a
iﬁ : 1)(312 '—“'““';’*——) SR IPR l)(—) (13>
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In Eq. (13), 8;, may be considered to be independent of the mean molecular
arca, A, but e, will depend on the conformation of the hydrocarbon chains,
which is a function of A, and it will be referred to as ¢ (A). Combination of Eqgs.
(10}, (11} and (13) gives:

o — ——In Xp - \_:3 _il, S X:': =Ty —‘7; Th _i‘ Toh (14)

As it-can be seen, by comparing Egs. (10) and (14), the surface internal pres-
sure 7 canl be decomposed into two terus =, — expressing the surface pressure
duc to the intermolecular interactions that occur in the water phase part of the
monolaver, and ©y, — being a cohesive pressure due to the dispersive type hyvdro-
phobic interactions between the air phase hydrocarbon chains of the monolayer
forming the surfactant niolecules. Obviously, as function of the sign of 8,,, m,
may have positive or negativ values. Reversely, wg 1s always negative and in
its expression both ¢ (A) and  x, depend on A, Denoting my == —m,(A), Eq.
{14) becomes:

74 my{A) = - i Xy o Bz N (15)

b i

which formally 1s identical with Fe. (9, but its physical meaning is rather dif-
ferent, In Fe. (9); =, has a constant value and it means the hypothetical spreading
coetficient ol the hvpothetical oilv laver formed by the hvdrocarbon chains of
the surfactant upon a hypothetical surface regular solution containing water
molecules and the polar head groups of the surfactant. In the case of BEg. (15),
7{A) 15 considered to be a function of A, and its physical meaning is more realis-
tic, represceuting the contribhution of the hvdrocarbon chains to the internal
pressure of the monolayer and, according to the above discussions, it will always
have positive values,

In order to find a reasonable cxpression for the dependence of =, on A,
Fqgs. (9) aud (15) were tested by using the compression isotherm of OA.

The wolar fraction of the surfactant in the monolaver, in Eqs: (9) and (13)
can be caleulated by using the foliowing expression (10 ’

(16)

where A and A, stand for the cross-section area of the solvent and surfactant
molecules, respectively, in the monolaver. With respect to A, there is a certain
ambiguity. Fven the authors of the SIS (9) use for OA its collapse arda [107, but
tater thev prefer the collapse arca of  stearic acid {SA) characterizing carbo-
xvlic head group 13 . Conscquentiv, thev report very different 8y, values for
OA in their two papers. Since A, is used {or the calculation of x, in the moao-
laver, it scems to be more reasonable to take for A, the cross-section ara of.
the carboxyl group and net the collapse arca ol OAL
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Eq. (9) can be written in the 1‘0110\\'ing form:

— T . ﬁ:‘ — 1 ('1‘7\;
Ajm KT inx, L Aw - KT b, ’
A; 3

allowing us to use Irving’s proccdure (14 . b,q (17) represents the cquation of a
straight e in co-ordinates (7:() and {— &), having the ce-crdinate interoopts

- R )
a = (= KT Inxg) A, and Jes (A= -+ KT In x)/ag,

respectively, By using our experimentai data and FEq. (16), from cach =y — A,
reir an ¢; and a & valuc can be calenlated, allewing us to construct a straight
linein co-ordinates (—mng) and (— 5.}, Ii the compressicn isotherm can be correetly
deseribed by means of Eq. (17), all the straight lincs must interscet each other
practically in 2 single point, having the co-ordinates cqual to (—=,) and (— 24,),
respectively, 10 ¢ to the palalmtus to Dbe derived.

These diagrams were constructed by taking for A, the value A = {VeRy

H

J(Ns ~ 0.1 nnr,nx)]uu’k where Voand N, stand for the molar volume of Hquid
water and for Avegadro’s constant, respect ively, and by presuming dif ferent A,
values Inall ceser, e can find a portion of the isothern: for which the intersce-
ticn peint is ¢] 1 1cxin atedy the seme, Lut fer the whole curve the interscetion

<

Takle 2

=, and 5, vabses derived for OA- by means of Fq. {17). Az is the <rapge in

-G 12

which practically the straiglit Hnes bave o eommeon interseéction point

A, G, o 10, =
(mn® molec.s N melee {mN/m)
0.41 8.1 02... 26
(.27 10.9 0.6....13.5
.20 12.6 2.6....18.8
.18 13.8 — ) B 3.1....232

exhibits a svstamnatic shift with inercasing =. Table 2 contains p 'u‘an‘( ﬁL:s‘ deri-
ved Ly means of this procedure, as wdll es the = iatervales in which t TETREC-
tien point is ncarly censtant. Il e precoaure is ilustrated in Fig. 2, givi g somce
cf the straight Hnes obtained on the has» of our
experimental data, by taking A,=0.20 11121-,1:"03(.1‘1110.
The two thicker straight lines correspond to the
= Hmits indicated inTable 2, viz. to = values cqual
to 2.6 and 188 mN/m, respectively. On thesc
straight lives the circles indicate the ¢ and 7 “alucs
;ﬂil}«:»\nm the construction of the straight s, As
seen, between these = limits, practically ;?1 the
straight hues are concurrent and the co-ordinatesof
their commen intersection are equal to the varame-
»Fig 20 Testing of Eq. (99 by ters g"l\'mz’&m Ta_bh: 2. : } -

uwsing Irving's procedure {dctails . Fq. ()) ano“s us to (?btaln 7o vs. A urves. }_401_
' in the text). this purpose Eq. (91 1s written for two seighbouring

i), mN/m
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experimental points of the compression iso- .
therm, corresponding to A; and A;, . By cli- j
minating 3,, between these equations, a {7 v
value is obtained. The (nrg); values obtained :
are plotted vs. Al = (A; + A;, ()2, As an e- ,
xample, in Fig. 3 this (n,); vs. A plot is given ¢ c oo
for OA 1151, In the corresponding calculations = 5 K
the values used for Ay and A, were 0.1 and 0.2 -
um# molecule, res pectlve]v

i
o
L]

oy SE
C)

v
¢
9
IR —

Obviously, there is aninterval, comprised 6 ‘a)3 - -k S S
hetween 0.32 ;md () 145 nm*/molecule, corres- e
O = A om? /molec.
ponding to 4 < 1)m\/m in which =, 1s
(‘ppr(),\mmtd\ umstant fe. Eq. (Y) scems to
be valid. At low surface pressures {high A va-
lues), my decrcases systematically with increa-
sing A, in agreement with our hyvpothesis forwarded in (hs(nssmz, Ky. (15) and

Fig 3. =, values derived for OA by
means of Iq. (9} from neighbouring points
of the compression isotherm {13].

suggesting the idea to take wmy — a/A", as in Eqgs. (3) - (7). Conscquently, we
proposed sceveral new semiempirical SE-s 153 . By taking n - 1, from Eq. (15)

< one  obtains

b ®T 5
T o { B R IR LI (18)
A y 1,
If'or n 3¢ as m Eqo (7)), the allowing u'lhumn results :
- LT 5 '
= e | T * {19
A, VI

I n o= 2 is taken, as.in the van der Waals tvie SE, one obtalus

2 kT Bye o
™ - {f— A xR 25 {20 e = e
A ‘.\l‘ ) 1 - i

“ti

We mention that a/A®, being cyual to
(), one hus 2 > 0, for intermolecular at-
traction, and o < () for repulsion. Since in
expanded mnnolaycrs between the hyvdrocar-
bon chains of the surfactant molecules prac-
ticallv are acting only attractive forees, in
testing Fus, {181 (20), one must obtain posi-
tive values for x

Togs. (18- (20) have been tested for ONL
The same medel svstem has also been used
for testing some other state equations, viz,

Fa. (1), further Egs. (2) and (3), containing A, omimokc, ¥
.y . M Lo - 4o X “o . P AV i

< >111g_1( 'dd‘}“'\t( d 1.)(“‘““('/“ L (‘f\’ well as 14 [5- F iy 4. Lyperimental (1 an 1 theoreric d

{4, (/) and () with two adjusted parame- = vo A curves for ON moyer (130

ters 15 . Theoretical curves caleulated by means
N N o Lo S0y N ‘e
M e I SN T Fag. (v 3 ~Eg 228 4 -Hg. (3
The L,\[KIHI.LI]t(I] movsc A cmnve ol olae 500 by asiug the pasae er v

acid 1s giventin Fig. 4 (u1r\~ Jues given i Tab. 3.



80 J. ZSAKO et al.

In the sem o Sigurg, curve 2 has baen celenlated Ty mcans of Eq.o (1), As =cn,
the Telavicur of CAds vary dar frcm the parfeet cro At low = velues, vary lorge
negative Coviatices apjcar and at bigh surface pressures mjeitent posttive
OnCs. ' .

For tcsting the other state cquaticns containing adjusted paramctor- a
curve {1tting mcthod was used. Tor this purpese, a low surface pressure range has
been chesen, viz, 0 <= < 7 mN 10, dddimited by dashad lines in Fig, 4 In this
rangd, the surfoce pressure has Loon mcasurad at 17 croorent A velues, In the

casc of the cquations with a single adjustad Jaramcter, a cortain value was pre-
sumcd for the latter and theoretical = values were caleulated for the 17 experi-
mentally uscd A values. The stendard deviation, A, of the (xperimental = values
from the theorctical enes was caleulated, The svstemratic variation of the volue
of the adjusted paramcter allows to to durive the bost one, ensuring the minimun
of A denoted as Ay I the cquaticn contains two 1 aramcters to be derivad, a
double minin fzeticn of A is necessary., The adjusted paramctor values derived
Dy micans of thig preecdure are givan in Tab. &, and thise valaes have been used
for constructing the thoorctical curves in Fig, 4. We montien that in the case of
Eqge. (8 and (I8 —(20), the x, valucs were caleulated according to Eq. (16),
By teking Ay = 0.1 and A, =0 0.2 m? nekocule 157,
Table 3

‘arameters of the state equations and standard  deviations  derived fer
. % monolayers (= < 7 mN\ m) [15]
T N Ay 2* Br. N 10w A
N m?molec. (Nm) mN/m
(1 — . 6.09
{(2) - 1.123 —_ - 1.95
3 NN - - 1.19
(4 .5 0.169 — . .29
{7) - 0.268 3.64t 0.17
(9) 10.46 - .08 0.29
(18) - — 0.842 - 107 0.15
(19 8.01 - 228 0.09
(20) — - 1.15% - 5.73 0.13

* Uamts: 0= Nm?Poofjo- Y Npr: M0 Nmtin all cises pro molecnje

The correctness of the cquations in the choscn = range can be judged on the
hasis of the A value, given in Teb. 3 and representing the standard deviation for
Fq. (1) and the A, values in the case of state equations with one or two adjusted
parameters.

As scen, from Table 3, by using the SE-s given in the literature, the best
deseription is obtained with XEq. (7}, which was also found earlier [16, 17 to be
a goed approximation. '

In testing Eqs. (9) and (18)--(20), calculations were performed by presuming
A, = 0.2 nm%molccule 15, This is a quite arbitrary hypothesis and it is mere
rcasonable to take also A, for an adjusted parameter. In this case, a triple minimi-
zation of Ais to be performed, ¢giving (AL)n. Results of this triple ‘minimization
are given in Table 4. )
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Table 4
Parameters of Fgs. (9) and (18) — (20) obtained by triple minimization of A for OA
i (= < 7mN m)
Eq. . Ay “o 2* By o 1070 Andn
nm? molec. mN/m (Nm) mN/m
9) 0.349 9.517 — 0.600 0.165
(18) 0.200 — 0.685 0.0358 0.096
(19) 0.225 — RVAE - 1.507 0.087
{20) 0.070 — - 4,266 51.880 0.082

* Units: as in Tab. 3,

As seen, on the basis of (A,), Eq. (20) scems to be the best, but this cquation
does not correspond for several reasons. Tn order to show this, in Fig. 5 A, ob-
tained by double minimization and the corresponding « and 8, values arce given
as function of A, As seen, (A,)y, corresponds to A, = 0.07 nm?/molecule, which
is less than the cross-section area of a water molecule, consequently, this value
s absolutelv unrealistic. For A, > Ay, A, decrcases with decreasing A, and « >
=0, % << 00 At AL = A the AL vs. A, curve has a singularity since one has
Ny == AJ/A and Eq. (20) becomes
kT % -+ Bd,

™~ = - In Xy —
¢A1 ;\2

(21)

g (21) centain'ng a single adjustcd jaremctar (o —+ 8;:4), A jumps up to
2.528 mN/m. For A, < A;, A centinucs to deercase with deereasing A, and pas-
s¢s through a minimum but both « and 2;, change

thadr sign at A == A,. Thercfore, we conclude that oo
Fa. (20) is not suitable to dcscribe the compression 25
izc tharm and we will consider Eq. (19) to be the i
best one. '

In order to visualize the quality of the appro-
ximations discussed, in Fig. 6 the 17 experimental =
and A pairs processed arce given, as well as 3 theoreti-
cal = vs. A curves, viz. those obtained by ieans of
Fos. (7)), (9) and (19), by using the paramcter valucs

IS

given in Tabs. 3 and 4, respectively. We have chosen

these relations since Fe. (19) is the best approxima- B EE T g o
tion and the otler two mayv be considered to be the A cmimoes

parent’ relations in obtaining our SE (19). As scen,  Fig. 5 Testing of Eq. (20}
the curves calculated Dy means of Eqgs. (7) and (9) on the compression isotherm
Jiew deviations in the opposite direction frem the ex- o O3 for=<7 mNXim; 124,
. ntal curve and the o - Wine t vs. A curve. The arrow indi-
] Lrinienta Ve, and ¢ CUTVE COTTOSLONAIE 10 cytes the minimum value given
Eq. (19) occupies an intarmediate position between  inTab. 45 2—log ja v 2\,
the formers. curve, v = % ¥ 10% Nw®* mo-
Mecaning of the paramciers derived. The state cqu-  lgenle, dashed line for a<0.
ations tested contained two kinds of paramcters oo d o e Vs e curve,
at S teste 118 ¢ 1das ] ar d]}lL TS, f)IlL v oo B, X 10% Nm/molecule,
of themn expressing the own area necessity of the surfac- dashed line for £;, < 9.

6 — Chemia 1/1990
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7 tant molecules, the co-area A, of Egs. (2),
1 (4),(3), (7) and the A, value implied in the
calculation of x, by means of Fq. (16) in
the case of the SE-s (9), (18) — (20); the
other one takes into account the intermole-
cular interactions, the cohesive forces, as
the internal pressure =y of Egs. (3), (4), (9(
and (15). The internal pressure is expressed
by means of an interaction parameter « in
the case of Fgs. (3), {7) and (18) — (20),
reflecting the attractive forces between the
86 surfactant molecules with Eqgs. (3), (7) and
A, nm?/molecule . between the hvdrecarbon chains only with

#i¢ 6. Iix!)criment;ll =~ A pairs for 0OA Véifﬁ? (18)‘,,,(‘_)‘()'). }4‘/\15. (t)s (15) (18) ,,,,,, (2())
:t}u‘l lflli'f)fli'(tllt(f;t; &)\::\l;ltt::ulhtul'ﬂ means - eontain also the interaction parameter 8y,
’ L D jven i Tab. 5. corresponding to the attractive {orces bet-

2 T (9, parameters Tab, 4; 3 iy,
(197 paramcters Tab. 4. ween the polar head groups and the water

04

: molecules.

For A, Eq. (2) gives negative values (Tab. 3), which has no physical meaning’
and it indicates that the intermolecular interactions are mainly responsible for
the deviations from the perfeet behaviour and not the non-zero molecular arca.
Fyp. (3) gives indeed a better description and =, indicates attractive interactions.
Nevertheless, both approximations are very rough, as seen from curves 3 and 4
in Fig. 4. A spectacular decrease in A is observed if two adjusted parameters are
introduced, ‘ : ‘

In the case of Eq. (4), the choice of A, has an important cffect, as scen Irom
Tab. 1. The largest lincar portion is observed for A, == 0.18 and 0.20 nm*/molccu-
le, which are very uear to the cross-section area of the COOH group, oriented at
the air/water interface. The =, derived indicates quite strong attractive interac-
tions. Since the attractive forces are short-range ones, the internal pressure de-
pends on AL Consequently, FEq. (7) gives much better results than Eq. (4), as scen
from Tab. 3. The A, value given by Eq. (4) 1s near to the cross-scetion arca of
the hwdrocarbon chain of OA, but the A, value derived by means of Eoiy. (7) is
more realistic, heing cqual to the collapse area of OA.

On the basis of A, Fy. (9) scems to be approximately as good as Eq. (4)
As seen from Table 2, 7o does not depend on the chotee of the cross-section arca
as much as in the case of Eq. (4) (Tab. 1), but &, is very sensitive to the Ino(iij’i«
cations of A, For high A, values, it expresses -strong repulsion (3, > 0), for
low ones, strong attractions (8;, < 0), Since in the oriented structures of the
monolaver the H-bond formation between the neighbouring COOH groups has
a very small probability, in the expression of 3, (sce Eq. (13)), jewn  will be less
than both ‘¢t and ¢, . Further, due to the electronattractive effect of thes
carbonyl O atom, the O atom of the OH groups will have an increased electrone-
wgativity, favouring the H-bond formations with water molecules. This might
entail g, > gy . Thercfore, negative values mayv be expected for 8, and the
use of low A, values, corresponding to the cross-scction area of the head group
of the fatty acids, scems to be correct.
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<

By using A, = 0.20 nm*/moleccule, Eq. (9) gives approsimately the same A,
values as Fqg. (4), and in the case of Egs. (18)—(20), both « and %;, correspond
to intermolecular attractions (Tah. 3). A has the minimum value with Eq. (19),
not depassing the experimental errors.

By taking A, for adjusted parameter, the standard deviation becomes much
less (Tab. 4). The A, value obtained with Eq. (9) is comprised between the limi-
ting molecular arca A, and the collapse arca A, of ©OA 7110 and By, expresses re-
pulsion between the carboxyl groups and water molceules, both results being
in disagrcement with the basic hyvpotheses, leading to Eq. (9). Eq. (18) viclds
€,1>( anrealistic positive values for 3y, and tee igh A, values. Eq. (20) is comple-

toly Ullblllt&bl(\ as shown ahove, since both 2 end °|> values obtained corresjond
n large repulsive forces, and A, is too low.

Tiq. (19) gives quite reasonable results, Both o and 8, express attraction as
cxpected and A, is very near to the molecular arca of stearic acid at the = value
corresponding to the liquid — solid phase tra nsmcn and it might be cqual to
the real arca necessity of the COOH group in an expanded state. We mention that

. Ao of SA s less, since it is determined by the cr<:s;~;~m ction arcaof the hydrocarbon
iain and near to the collapse the COOH groups scom to be forced to readily
zecomodate bencath the hvdrocarbon chaias,

The parameter values dderive allow us to pre dict the characteristics of the
gas lig md phase tlansmou at the compressicn of the menolayers. For this pur-
nose, the theoretical = A curve }mu been constructed for ()% by meaus ot
Ers. (7)) and (19) nspgch‘; elv, by using the parameter valoes given in Tabs. 3
and 4. These theoretical mothr,x‘.ns are presented in a semilogarithmic scale in
Fig. 7.

As scen, both equations indicate a phasc transition. The position of the hori-
zonutal dashed line has been estabiishhvd in such a way as the hatched areas
above and under this line to be cqual to cach other. (In Fig. 7 this cquality
is not obvious beeause of the Jogarithnic A scale). The position of the horizontal
Iine indicates the expected equilibritun pressure bet-
ween the gaseons and liquid phases, i.c. the va-
pour pressure =, ol the ?‘iqaid filrn. The latter -
value, as well as the corresponding molccular arcas

in the gascous (A,) and in the liquid (A,) states
are giv en in Table 5.

For the sake of comparison, in the same Table 5
alto the experimentaily found =, Ayand A, values
arc given for n- pcnt:ﬁ.duajm‘ acid {(PDA) mono-
lavers at 20°C and plf = 2 181

Since at the spreading area of about 0. & mndano-

cule, used in cur cxperimentsa surface pressure £, o mokccie
of about 0.1 mN/m was found, the =, value obta- 110 7 heoretical = ve. lor
o ' e pas piies _ . g 7. retical = vs. log %
med by means of Fro (19) scems to be more curves construeted for OA mono’
realistic. lavers by using Egs, {7) (curve 1

By taking into account that in bulk the boei- aml ‘~M>‘(°“r‘f 2) and parameter
. values given in Tabs. 3 and 4,

1 ints of OA ¢ A at o ] : i ; -0
Iing pom\t\s of ();\—:l?}fl PDA at p - 100 mm Hg predicting the gas-liquid phase:
are of 286 and 257°C, respectively 19, one might transitien.
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Characteristies of the gas-llquld phase transition of O\ ax predieted by the

stale equations

Acid SH T Ay A, ref.
mN/m mn? molec. nm?imolee.

[R) (73 0.290 7.30 0.3568

Oon (193 0.118 213 0.563 :

OA . 0.107 20"

PDA 0.132 . 15.0 0413 18

expect the vapour pressure of OA to be also in two dimensions, less than
that of PDA.

This expectation is'in very vood agreement with the values predicted by
Feq. (19). '

The 7y == 0.107 mN/m value reported for OA mon()]a\ crs at 27.3°C |20
is also much more consistent with the prediction of Ty, (19), as compared to
that of Y. (7).

Eq. (19), proposed by us, describes much better the behaviour of OA
monolavers  than the ecarlier proposed SE-s.

Y. (19) vields reasonable values for the pdmmctux Ay, aoand By, and
1nuimts the characteristic magnitudes of the gas-liquid phase transition of OA
in a good agreement with theorctical (xputatl(ms.
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PREPARNTION O AIR—PHOSGENE  STANDARDS LY DIFFUSION
THROUGH A TUBE

V. STMIANU®

Rocesved: Mogch 21, 1489

The paper presents a method and the related apparatus for the preparation
of air-phosgene standard mixtures in ppm range. The method consists.of diffus-
ing phosgene vapours through the open head of a glags tube wich leads to
the conduit of the carrier gas stream (zero air or nitrogen;. Phosgene concen-
tration in the gas stream depends on: the diffusion tube’s geometry, tempera-
ture, pressure and rate of the carrier gas stream. The concentration of samples
hus been analvsed by a spectrophotonetric method.

Introduction. Two main procedures are generally used in preparing  gas
standards. The static method consists ol successivelv diluting a mixture of a
kunown concentration in separate vessels down to the desired dilution. By
this mcthod concentrations of tens of ppnt can be obtained ; lower concentrations
are modilied by the absorbtion on the vesscls surface. The dynamic method
conzists of injecting the analysed gas of a known concentration into an inert
carrier gas stream. The apparatus based on the latter method allows better
precision in the lower concentration range.

For the introduction of vapours in the carrier gas stream several methods
are -known: gravimetrical methods [1--3°, diffusion through a porous layer
4,5 hflusxon through the open head of a tube [6—10], permeation through
1)01\ mers (1119 1)111\'cr1>it1on 120, mmcal generation [21, 227, exponential
dilution 123, 24, vapours cond(nsatmn 25271, ete.

The method of diffusion through a tube is sm1plc, it does not necessitate
piior experiments for the geometrical and techunological dimensioning of the
installation, and the materials for ﬂn installation are available.

This s the {irst utilisation of the dlliu\um through a tube method for the
preparation of air-phosgene in ppm h.n\: < 'The paper also presents the installa-
tTon us.a. :

Phoseone  (carbonic acid dicloride) has been synthetized first in 1912
“(J. Davyy 28 and it was uscd as a poison gas 297, Owing to its reactivity,
in spite of its high toxicity, phosgene is used in several chemical syntheses
(polimers, drugs and d\'(f;) For the calibration of various methods {or the
detoction of thL phosgene inair 130 i is nocessary to prepare an air-phosgene
standard mixture. The threshold-limit value (TLYV) of phosgene in air is only
012 1 pm (0,5 mgm?),

Eaperimental. Our installation is shown in Fig. 1. The diffusion through a tube method has
Beon s izgested by Me Kotvey an D Hletseher 8 00 Phe vapours in equilibrium with the liquid phase
diffus throe U oo aead o L gts Uhe i U carvier gas stream. Fig. 20 shows the  dia-

cadvoof Cluj-Napoca, Feculty of Chemisdon, 070 Cluj=Nepocd, Pomnaia
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gram of the diffusing svstem. The amount of phosgene vapours that difiuse through the glass tube
in the carrier gas stream can be adjusted by selecting the geometrical dimensions of the tube-and
the temperatare and pressure of the liqui(l phase. The pressure, temperature and the flow rate
of the carrier gas are kept constant by (2) (it and (4), respectively (Fig. 1;. After the mix
the phosgene vapours with the carrier ;\mx in the mixing ccll (5). the gas mixtore is kept in the
storage vessel (7). Standard samples for chemical analvals and for calibraticn of the detecting
mcthods are taken from the storage vessel, Bxcess of the mixture is nevtralised in the serubber (8
with 17, NaOH. The working conditions and the tube's geometry arc indicated in Table 1. A}
vessels, tubes and  pipes in contact with phosgene are made of glass or PTFE. Previously tin
vessels pipes and carrier gas have been carefully dided to avoid the hydrelysis of the phosgene

COCH, -+ 11,0 = 2HCT = CO,

The theoretical basis of the technological dimensioning of the diffusien tubes for phosas
vapours has been dealt in a previous paper [31. The concentration of the alr-phesgene mixtore i
given by Lq{2': the basic qumtnm in the dimensioning of the diffusion system:

D-P-A-A r
C e 1,66 - 11— ia , (o
R-T-1.-dd P

L3> By 2 The diffusion  coefie of the phosgenc vapours i alr
s was calenlated using Maxweli's formila modificd by Gilliiandi
3208337 The value . ent in sur werking condition

s T 23K, P Fatiny was D 00019 % m. The pressur
of the phosgene vapours at tm i 'uLH S temperatire was cale
ted using Paterno and srelii’s orels ‘tmmln} Bevond the

. oesanpies Himits of this relationshin the foll wing equaticn is valid 134, 835
Fig. 1. Schomatic dlagram of the 1314
apparatus log p 7,552 (3%

b, carrier gas eviinder, 2 pressu-
re reduction svstem, 3. thermostat,

The temperature of the lquid phesgonesonged between

25 ¢ and 0 C { 0.1 Ci. Thennostated drv alr or nitrogen

were the  carrier gas. The carrier gas {low wos measured with
a rotameter (60--600 1/hi.

4. rotameter, 50miving cell, 6. di-
ffusion system, 7. storage vessel,
8. serubber.

‘I'he phosgene was hronght in from o flrsk (CLChl R Vileea)
containing phosgene: 99 864, chiorine 0647 and hidrochloric
acicd 0,19, A thiosuiphate filter {retained trarcs of ClLand HTL

The air-phosgone mistures wore analyvsed by absor btd
in a 0,1 N NaOH foltoned by the spectrophotometric  dets
mination of CI7 resulted [36, 371" using calibration plot taken
with known C17 concentrations in the 2,523 ug C17/ml (3,48 —

34.85 pg COCL mY) range (Fig. 3).

CQCl, - 2011~ 2C1 4 CO, + HLO0

Results and Biscission, For the calculation of the
concentration ol air phosgene eivture we used
the lollowing relatiouship :

i

- by eV f

| For a guick evaluation of the concentrations,
—oml o M the following plot, hased on relationship (57) has
I been drawn (I‘ ig. 4.). According to the relationship
\2“. the working conditions should be chosen for
p g phosgene ¥ wir range (Table 1.).

fas

Fig 2 Diffusion svstem for pho-
f ) 0,1
2L VAPOuTs BN



AIR PHOSCGENE STANDARDS 87

en
en
ex e, f
- - T e Gt
e
6.08 1
0.07 7
6.06 *
095 o
o0 “‘
003 o
e wi
oo pg 0t Qi_ = e S e e
G5 ER o o ab ok o o G @) ar aw ah ¢
% 5 1510 % 0 5
- -
Fig. 3 Ul conrentration-absor- I'ig. 4. Concentration of air-phos-
bance plot gene mixture dependence of ahsor-
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Table 1
Working conditlons data
Concentration Range Tube Geometry Flow
mg - /m? Length Diameter Range
nim mm 1/t
0.1—-1.0 330 0.65 60-- 600
1.0--10.0 330 2.00 60— 600

Errors in experiments are indicated in Table 2. and they are due to the
deviations irom the calculated working conditions as stated in the relationship
{2’). The concentration deviation did not exceed -+ 159, of the theoretical
values calculated. '

The concentration of the phosgene in the carrier gas strcam has reached
a constant value only in 30 minutes owing to the following facts: the diffusion
of the phosgene vapours through the tube, the phosgene vapours are partially
absorbed by the inner walls of the installation, the concentration gradients are
levelled, The results are displaved in Table 3.

R ) Table 2
Experimental results for twe copeentration values

Concentration Flow Concentration
Theore- Practical Rate Deviation
tical
n/md my/m3 1 %
0.102 0.092 0114 300 - 20 - 9.8 4107
3.130 27613 330 300 20 - 11.8 4134
Table 3

The homaogenisation of the coneentration in. the storage vessel  (stabi-
lisalion in time)

Time min. ) 0 13 30 43 . 60

Measured t w142 0,107 0.110 0.101
Concentration .
ing/m® 0 179 3.12 3,12 3.




88 V. SIMIANU

¢
ny 93 A
¥ - R
‘:.I ./ / ,
. AL [ ‘
[/ V1 s — :
s o { R
. & S . Lo e s
VyAVA { -
1/ 7
/ R | IL —
A } { o - ux s U
3 - p t } U \, P e
i 1
1
. ! ! 3 /
¢ o6 .08 0.2 “L
B
Fig. 5 Evaluation diagram for the Fig. 6. Flow-chart of the compu-
gecometrical dimensions of the «diffusion ter program for the tube dimensic-
tube aing and evaluation of the espe-

rimental data

The size of the tubé determinates the concentration range, while the {ine
adjustement is obtained by modifving the carrier gas flow rate. Several dlagrams
were drawn for cach diffcrent set 01 operating conditions, in order to facilitate
the design and the construction of the thd] ation. I}fg. 5. shows such a dia-
gram for the following set of conditions: tomperature of the liquid phase =

—10, —15, =20, ~25°C, pressure in systam = 1 oatm, gas flow rate =
= 300 1h. ‘

Within cach sct of operating conditions the cquation describing the mixture
concentration as a junction of the tube’s dimcpsions is:

'N (\,
L (j)

Co= K-

Chis is the simplificd form of (2.

Both the dimensioning steps and the evaluation of the cxperimental cata
were assisted by a computer program (whose {low-chart is shown in Fig. 6.}
In this wav we can make the optimal choice of the operating conditions and
the quick determination of the mixture comy.osition.

Our method of preparing air-phosgone standards presents the following

advantages:
— low concentrations, even below 0,1 me m® can be obtained
— the precision 1s - 1539
-— @ simple installation, made of casily available materials.,

The sianifiration of the svibols used

C == phosgene concentration in the carrier gas stream X mygm®

D == diffusion coefficiont of phosgene vapours in air m*h

P == total preassure in system atm

M == molecular weight of the phosgenc : g/mol

A = area of tube scction mm?®

R = gas conmstant : ' mfatny N omol
T = temperature K

I, = length of the tube mm

d = carrier gas flow rate /min
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p = vapour pressure of phosgene atm
i) absorbance ’
a, b == line’s paramcters of B = ax + b
x {calibrating} concentration of Cl- w/iml
\ volume of absorbtion solution ml
t absorbtion time min
d absorbtion rate ' 1/min
v = volume analvsed from the absorbtion solution (number of ml
f = 1,394 (transformation factor for C1~ in phosgene ~ as it results from the equation (4)
© = inner diametre of the tube . mr
K constant depending on the operating couditions
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THE KINETICS AND MEOHANISM OF THIOMALIC ACID OXIDATION
BY HEXAGVANOFERRATE, (II1)
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Kinctics and mechanism of thiomalic acid oxidation by hexacvanvierrate
(I11) in perchlorie acid solution has been investigated spectrophotometrically
at 420 nm.

The kinetic behaviour of the systemis complex. The reaction rate, expressad
by means of the Fe(CNE- on, is first-order with respect to the comcentration
of hexacvanoferrate (I1I) ious at hight acidities (from 0.8 to 1.60 M. The
farge excess of thiomalic acid concentration is responsible for the first-order
kinetic taw. .

A complex dependence on thiomalic acid concentration was observed in
our conditions. The dependence of kinetics on hydrogen  ion concentration
and temperature was also studied and the apparent cnergy of activation haos
Leen evaluated.

A reasonable reaction mechanism was suggested by our results. An inner
sphere interaction between the oxidant, Fe(CN 3~ and RSH molécuie, seems
to be responsible for the actual electron transfer. A reaction sequence evolving
the reactive intermediate, Fe(ON)(CN. SR~ is takan into discussion.

&

Introduetion. The oxidation of thiocompounds with transition metal jon:
in aqueous solution offers very suggestive examples concerning the kinetics and
niechanism of the reaction. Intermediate reactive complexes were detocte
spectrophotometrically in such systems. ,

The hexacynoferrate (I11) ion, Jinert to ligand substitution, is a well-know:
oxidant in aqueous solution (s, = 0.356 V in perchloric acid medium) perforiineg
the oxidation of sulphide group to disulphide. The mechanism of thiol oxidatior
Dy Fe(CN)  is not well understood. There are mrauv contradictory facts conneeted
with the reactivity of hexacynoferrate (IIT) towards such reducing organic substra
tes [1--4 .

The present study gives new evidence concerning the complexity of the reac
tion pathwavs in the oxidation of thiocarboxilic acids by Fe{(CN)}~. Since the
oxidant species is inert to ligand substitution, an outer-sphere reaction mecha-
nism would be expected to be efficient. Our results, however, confirin a reaction
order dependent on thiomalic acid concentration. The fact is diagnostic for the
inner sphere interactions in the course of the overall redox process. In the
inner-sphere redox reactions, there are marked changes in the coordination spherc
of the reactants in the formation of the activated complex,

A reaction sequence was suggested [31 for the oxidation of thiols by
Fe(ON)2-, in which ligand displacement on F¢(CN)3~ takes part. But, of the
reaction is carried out in the presence of MQN ~, such mechanism should lead tc
the introduction of QN ™ into Fe(CN{~ (the product of the reaction). This is

I >

not observed and the mechanism (37 can be ruled out from the resuits.

PO

Calversity of Cius-Napoca, Facuity of Chemistry, 3400 Cluj-Napoca, Romania
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THIOMALIC ACID OXIDATION
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The Fe(CN)?™ ion smoothly oxidizes the organic 5 and protein substrates
_6] Some of reactions of the nitroprusside jon, Fe(CN;)NO*7, and of the
Te(CN);H,0* ions have been investigated [7--9.

In view of these facts, it is clear thdt the iron (IT1) and (II) cvano com-
slexes offer some very interesting mechanistic aspects in acidic media. It is
he scope of the present study to illustrate the reactivity of the Fe(CN)§™
ons with thiocarboxilic acids (thiomalic acid) on the basis of our kinetic and
spectral results.

Experimental. On mixing an acidic solution of potassiumn ferrievanide with a solution of thio-
nalic acid, the disappearance of the vellow colour of Fe(CN2~ is observed. The reaction products
ire the hexacyanoferrate (II) and the corresponding disulphide. The overall process is base cataly-
ed.

Reagents. Solutions. Thiomalic acid solution 0.2 M in concentration was prtpmul by dissolving
a weivhed amount of the reazent of biochiemical purity in twice distilled w aur just before the
zinetie measurements.

Potassiwm ferricyanide solution was obtained from the reagent grade c¢hemical. The absorution
spectra in the visible and ultra-violet regions were recorded at different perchiloric acid concentra
inas. No changeswere observed with the v J.H'itl()n of hyvdrogen fon concentration. (0.53--1.6 M HC10,).
solution 2 x 1072 M in strength was prepared. The extinction coefficient , ¢ =

1 X103 mnl™lem ™t associated with Fe(CN)3~, at 420 nm, was determined. The reduction pro-
ﬂuf“ Re(CN 1™, is almost transparent at 420 nm. This waselenght was selected for kinetic measu-
ements,

Perehloric asid solation 4.0 M in strength was obtained from a concentrated perchloric acid
sofution (70%,, 4 = 167 g/mil) of high purity. This solution was standardized against sodium
1ydroxide sohution. )

Sodinwm perchivrate solwtion 4.0 M in concentration was used to maintain the ionic strength
mt a coustant value.

The overall stoichiometry corresponds to the reaction:

2 Fe(CN)3~ + 2RSH = 2Fe(CN)i~ + R—-8S—8S-R + 2H*

Th optical dzusity values, A, of the oxidant solution I_iricarly’ correlates with the comncen-
wation of Fe(CN)}~ ions at 420 nm in the region investigated in the present paper (Fig. 1).

The reaction course was followed at 420 nm, the only absorbing species being the Fe(CN)3~
ons. ¢

All solutions were thermostated in a water-bath before rmxm;,

The procedvre.. The experimental device. The temperature of the reaction mixture in the optlcal
ell was controlled in every case. A Wobster thermostat was connected
= the spectrophotometer.

. N .
A small volume (1.5 ml) of potassium ferricyanide solution 1x 10 * M /

wvas rapidly introduced into 6.0 ml of reducing solution (containing RSH,” e; / H
IC10, and NaCl0y) placed into the optical cell. The reducing solution @ /
wasusad to calibrate the 100%, mark of the apparatus (Spekol). d=4,995cm, ol . _
20 nm. The decrease of the optical density of the reaction mixture was s
ollowed. The infinite value, A, is zero in all cases. o
Experimental resuits, Lh(, ohserved firstiorder rale canstants, Xgp, o
sere evaluated from the experimental data  optical density — time. The 0s; 9
rst-order kinetic law is a resalt of the large excess of thiomalic acid o2
oncentration. ’ fi/ cxo® e
A[Fe(CN)2-] 827081 . ia a2
Top = — ac . = Kol b&((”\’b ] Fig. 1. The dependence
. of the initial opticalden-
No deviation from, the first-order kinetics was observedin our ex™  sity values A, on concen-
erimental conditions. tration of Fe(CN)}~ions.
The influence of hydrogen ion concentration, thiomalic acid concen- 420 nm, d — 4.995 cm,

ration an:d temperature on kinetics was systematically studied. [H¥] = 1.333 M.
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Fiz. 5. First-order kinetic plots at dif-  Fig. 6. a. The dependence of Fig. 6. b. The dependonce
ferent thiomalic acid concentrations,  the rate constants on thioma-  of the rate constants on
308.5 K. lic acid concentration at 302.1 thiomalic acid concer

11C10,: 1.60M : a:8.0x< 1072} K. tion at 312.9 1o,
Pe(CN33 12 x 10710 6.4 1072M
3.2 1072\

FFig. 2 illustrates the precision of the kinetic method. First-order kinetic plots for th
different experiments, under the same conditions, are presented here.
' 1) The dependence of kinetics on hydrogen don concenfration.

Some first-order kinetic plots for the oxidation of thiomalic acid with Pe(CN)  ion, at diff
raait concentrations of perchloric acid are presented in Iig. 3. A decrease of the rate constun
with the increase of 'H ™} from 0.5 to 1.60 M, is obscrved. .

IFig. 1 shows the dependence of the reciprocal values, k77, on [H*] values.

t
ts

2) The dependence of hinetics on thiomalic acid concentration.
The influence of teinperat:ore on kinetics. Kinetic measurements at different temperatures hetwoen
290 and 310 K have heen made. The influence of thiomalic acid concentration at a constant term-
perature and (IT7) has been studied. First-order kinetic plots at different [RSH], are presented in
Fig. 5. The hydrogen ion concentration is 1.60 M.
It can be observed that the rate constants, %, increase ax the concentration of RSIH
increases. The dependency of the rate constants on thiomalic acid concentration isiilustrated in
Fig. 6 (a, b) at 3021 and 312.9 K, respectively.
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Three different "I ¥ values werce investigated kinctically at each temperature.

9

3

The same kinetic behaviour was observed over the investigated range (pIT values and tempe-
The results are presented in Tables 1 5.

ratures).

Kinetle results on thiomalie acld oxidation hy Fe(CN);~— [HCIO ) -

1.6 M

Table

1

2915 K 2997 K 30835 K
"RSH, TRSH 17 — - - :
— L "RSH, k., "RSH, L TR
A Mot RS, e rm— —_—
. . G 1 ks G -t k().) ¢ ko
8w 102 12.500) 20.00 0.040 2.000 — —
6.4 < 102 15.65 25.00 0.018 3.555 - 0.0319 2,000
5.82 x 102 17.182 27.491 0.0219 2.657 - —
5.60 » 102 17.860 28.576 0.013 4.30 - -
545 x 1072 18.350 20.360 0.0166 2,533
5.14 » 102 19.455 31.128 .- 0.0158 3.252 —
“4.80 x 102 20.833 33.333 0.0107 4.48 ‘ 0.0166 2000
4.00 % 102 25.000 40.000 0.0085 4.70 0.0120 3.400 —
3.42 1072 29,240 46.784 ¢ 0.0074 +.620 —
3.20 x 102 31.250 50.000 0.00532  A.15 - 0.0082 3.9 %
2.40 % 1072 41.660 71.424 0.00318  7.33 0.0040 6.000 -
224 » 1072 44.640 66.663 0.0045 1.972
1.71 % 102 5R.480 93.560 0.0024 7.130
Tatie 7
The influence of hydrogen ion conecentration, teywiperature and thiomalie aeid eoncentrition nx
‘ Kineties. First-order rate constinis in s 1,
(RSH), .M 20135 K 3021 K 3124 K
TH ™ 1.333 A 1.600 M 1.333 M 1 OGR7 M 160 A 1,333 3 1,067 M
0.160 — 0.0645 017 0.0709 0.313
0.147 B 0.0525 @ A63 0.0614 e 0.243
0.128 0.037 0.0348 L3853 0.0567 0.0429 0454 (1.180
0.108 0.021 6.0232 (0.0289 G.0362 00294 0.0416 0.115
0.089 0.012 0.0142 0.0198 - 0.0204 -
0.064 0.0033 — (4.0086 0.0099 0.0109
0.054 0.0042 0.0043 ’ 0.0053 (0.0059
0.044 — — 0.604 —

Obs. : koh is the average

value of 23 individoal determinations,
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Table 3
Kinetie results on t(hiomalie acid oxidation by Fe(CN)F7 2005 K.k ias!
1.333 M H* 1.067 M H~
[RSH], [RSH] T - -
IRS, (IL%] TRSHT, 11H
M Mt K, ——— L3 - B
ko, TRSIT, ko RS, -
0. 128 7.810 0.037 3.439 10.387 0.073 8.279
0.108 9.230 0.021 5.140 12.303 0.054 2.000 8.805
0.089 11.230 0.012 7.140 14.936 0.041 2,180 11.904
0.064 15.640 0.0033 10,500 20.801 0.0225 2.840 16.578
0.032 31.250 - 44,329 0.0075 +.000 33.330
0.054 18.910 0.00-42 12.700 23.150 - -
Table 4
Kinetie results on thiomalic aeid oxidation by Fe(GN)3~ at 302.1 K, [P
- - 1.60 A 11 1333 M 10 1067 3 II-
=5 RS, (I ) RS, THC ] [RSHY,  7HY]
o e T Tharr: N LT Th tob — Ther
oo Eom b ko, TRSI, : k., RS, ! Ky FRSMH],
1.60  6.23 0.0645 2480 10.00 — e — 0.1167 1.370 6.645
0.147  7.14 0.0525 2.800 11.424 — — - 0.065 2,174 7.568
0.128 7.81 0.0348 3.678 12,496 0.0385 3.320 10.387  0.0567 2.257 8.279
0.108  9.25 0.0232  4.655 14.800 0.0289 3.730 12.303  0.0362 2,980 9.805
0.089 11.23 0.0142 6.330 17.968 0.0198 4.520 14.936 -- - 11.904
0.064 1564 — -— - 0.0086 7.440  20.801  0.00995 6.43 16.578
0.054 18.91 0.0045 12.00 330.256 - - - — -
0.044 2273 - — 36.368 — - 0.0044 10.00 24.321

v Table 5
Kinetie results on thlomalle acid oxidation hy Fe(CN)I~ at 3129 K, k, st
- T 1.0 M 1+ 1.333 M H* 1.067 M H™
o =3 —
= = - [RSHI, [H" ’ RS, [H*] ) [RSH],  [H*]
Eom 2o bt (RS, o Kk, RS, b K, [RSH],
0.160  6.23 0.0703 2.275 10.000) - 0.313 ‘0.511 6.623
0.147 741 00614 2.394 11.424 - — - 0.243 0.603 7.568
0.128  TRL 0.0429 2983 12.496 0.0545 2.348 10.387  0.180 0.708 8.279
0.108  9.25 0.0294 3.673 14.800 0.04l6 2.596 12.303 0.110 0.982 9.805
0.089 11.23 - — 17.968  0.0204 4.362 14:936 — - —
0.064 1564 - 25.024 0.0109 5.871 20.801  0.0353 1.813 16.578
0.054 18.91 0.0055 9.818 30.256 0.0059 9.152 25.15 0.0272 2.000 20.045
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The dependence of the rate constants, kg, on thiomalic acid concentration can be represcuted
by the equation:
. Kk, TRSH,)?
k Lom e
O kb ko TRSHY,

A linear relationship can be then written:

'RSH, ki ! ke
T e S
Kb k, (RSHI, k,
. (RSH], . ' i
The data show a plot of the value [RSH wersus -1—-—(lu:s fit a lincar cguation  suelr
,h .
as in Fig. 7 at [T177 == 1.333 MM at at three temperatures (T4, Ty, Te). The slope represents the

ratio kulk,

3) The influence of potassiwin ferrocvanide on hinelics.

The addition of K,Fe(CN), to the initial reaction mixtarc, at constant ionie strength, results.
in a decrease of the reaction rate in acidic medium. The kinetlic effect is observed in I'ig. 8.

Discussion. Conelusions on  the reaction mechanism, Our kinetic results
can be accounted for by assuming the following rcaction sequence:

K, : :

RSH === RS~ 4+ H™ (1

K , \

Fe(CNY3~ + RS ¥ o= I«‘c(ON)s(CN.SR)“ (2)

Fe(CN),(CN.SR)I~ + RSH — Fe(CN)I- - R—S—S—R (3
o H

The step (3) is the rate-determining electron transfer process.

Tro; 3,

FTUTETE W i W . s, )
ﬁ b T iatil [RSH] Fig. 8. The influence of I° ¢(CNji-
Fig. 7. The variation of — o ions on the reaction rate of thio-
ob \a—
values with [RSH] at 1.33 MH * hunlic acid oxidation by Fe(CN)T
Three different  temperatures: A HC10, - 1.60 M
L : 160 )

291.5; 302.1 and 3129 K. ! RS : 4 %102 M
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Taking into account the value of the acidic dissociation  constant, K
of the organic substrate, we can write then:
,

Fe(ON)? - 4 RSH === F¢(CN);(CN.SR)'~ +~ H* - (4)
with: Ky K, - K
The reaction scheme probably involves the rapid formation of some iron
(ITI) reactive intermediate, Fe(CN){CN-SRy
We conclude that, the immediate product of the clectron transfer process
is an iron (I) hexacvano complex, Fe(CN); (7)), rapidly stabilized to iron (IT)
hexacyano species

Fe(CN)p -+ TFe(CN) 12 9 Pe(CN)i- (3)

the final reduction product.
The retarding effect of Fe(CN)§™ on the rcaction rate can be explained
by the formation of a CN~ — bridged complex with the-organic substrate :

FC(CN)l 4 RSH == Pe(CN),(CN.SR)~ + H© (6)

The deerease of RSH concentration implics a corresponding  decrease of
the reaction rate.

There may be other explanations to be taken into account for the influence
of F'v(CN)i™ ifons on the reaction kinetics. A binuclear Fe(ITI)-Fe(I1) complex
species, inert to clectron transfer, mayv be significant during the reaction course.

A reaction path involving RS. radicals could be responsible for the kinetic
behaviour of the reactant system: onc-clectron transfer assisted by a RSH
molecule actually can take place:

Fe(CON);(CN. SR~ -4 RSH -5 Fe(CN)§™ 4+ RS, + RSH (7)

2RS. ML RS~ S—R (8)

The reaction order with regard to the concentration of Fe(CN)3~ — the
real oxidant species — offers a strong cvidence that no iron (ITI) dimers are

involved in the reaction mechanism.
By oexpressing the reaction rate by mcans of the rate for the rate-deter-
mining step, we obtain finally :

. (RS
ke Ky K ——
O eON)E | = Ky Fe(CN)E
¥ {RSH) { (( -~ )h b 1 ('( * >b |
1+ K- K, ———
(I

As it can be observed, there is a complex dependence of the rate constant
on thiomalic acid concentration.
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o+ op N ® o0 8

97

- I - ey
[RSH] ) o [RSH]
Fig. 9. The variation of ¥ig. 10. The variation of
= Kob b .
TH+] H+]
values with — —— at two tem- values with at 3085 K
[RSH] [RSH]
peratures.
a: 2915 K
b: 299.7 K
The following expression, for the influence of thiomalic acid concentra-
jon, can be written:
[RSH] 1 1 [H+]
kK, k "Tk-K,-K  [RSH]

where k, is the ﬁrst—ordér rate constant (ideutical with the experimental value
kop )-

) . [RSH]  [RSH]

Fig. 9—70 show the linear dependence of the values on on-[‘}—{;]—, a
three temperatures, in accordance with the postulated reaction mechanism.

' The values k and k - K, - K, at (H*) = 1.60, are presented in ZTable 6.

Table 6
The influence of temperature on thiemalie aeid
oxidation by Fe(CN)3~ jons,
HC19, : 1.60 M
k kK K
T, K — kK, K
, M-1s—1 [Mt]
291.5 1.66 6.00 9.60
299.7 2.00 6.75 10.80.
308.5 2.85 9.42 15.07

7 — Chemia 1/1990
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The apparent energy of activation has been evaluated from the o crimental
7

valucs of the rate constants (Table 7).
Table 7

The apparent enéruy of aetivation fur the oxidation
of thiomalie aeid by Fe(CN)I~ lons-

[(RSH |, M Ey, KJmol™ B, KJ mol?
2.85% 1072 Cos0

3.07 x 102 15.60 16.20

5.00x 102 16.235

6.67 + 10102 16.70

An average value of 16.20 kJ mol~! has becn ditermined. The low value
of the apparent cnergy of activation can be interpreted in terms of fast preequi-
Iibrium steps. ‘
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(BER EINIGI KRITERIALEN BEZIEHUNGEN IN NIOHTS'I‘:’\'J,‘I()'I\"\REN
KONDUKTIV-KONVEKTIVEM EIGENSCHAFTSTRANSPORT

LIVIU LITERAT*

Fingegangen am 6. Oktober 1990

About some Criterinl Relations on the Unsteady-State Transport of IProperty.
From the general matematical model of the conductiv-convective transport, one
suggest for momentum, mass, heat and electricity the possibility to grouping any
similarity criteria as intrinsic and éxtrinsic relations. Between this groups they
set up criterial and scale-up relations. Throngh the analvsed criteria there are
mentioned 3 new criteria implicate in the mass, heat and momentum with elec-
trical charge transport.

lJinleitang. Der konduktiv-konvektive iigenschaftstransport wird mitfol-

genden Differentialgleichungen beschriehen (vectoriell)

ép

TTA V(P W) = 9N S, ' (1
wo das erste Glied den nichtstationiiren Vorgang, das Zweite die konvection,
das Dritte die Dilfusion (den molekularen Mechanismus) und das letzte den
Beitrag der inneren Eigenschaftsquellen beschreibt (cliemische Reaktion, Wirue
quellen wsw.) [1-3.
~ Wenn, aus verschicdenen  Grimnden, die allgemeine Differentialgleichung
des Transports nicht gelost werden kann (amm hiinfigsten im Falle der technisch,
industriellen \."Orgiingc), dann wird die FErscheinung durch kriterielle Gleichungen
der Form '

(K Ky, K o0, Ky =0 oder K, =CK} - Kj... Ky (2)

beschrichen, wo K, Ky, ... K, Gruppcn undimensionaller Grossen, und dimeu-
sionelle unverdnderliche Grossen (Kriterien), und C, m, n, v ekpcrimentcll
gefundenc unverinderliche Grossen sind {2, 44 ’
Zu diesen kriterialen Formulierungen kann man durch einfache Verhdltnissc
von Gliedern derselben Differentialgleichung (intrinsccke Glieder), oder deren
Homogenen bei der Beschreibung des Figenschaftstransports (Verhiltnisse
extrinsker Glieder gelangen [4]. '
Zum Veranschaulichen withlen wir den eindimensionalen nichtstationdren
konvektiv-molekularen Figenschaftstransport im izotropen homogenen Meditum

* Universitdt C]ui—l\'klpooq, Fakultdr far Chemie, 3400 Cluj-Naepoca, Rumdnien
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{9 — kounst.) ohne innere Eigenschaltsquellen wicdergegeben durch die allgemei-
ne Gleichung : ‘

dp ar dep 3

ey e 8

dt Y dx dx? (3)
den wir konkret fir den Impulstransport (P o= sw und siD wo ), fir die Wirme
(P = ¢e,T und 9 = a) und dic Masse (P = C und 9 -+ D) behandeln und zu

dem der fir (\pcrlmcntclk Modcllicrungs- 1md Simulationsprozesse interesaute
clektrischie Ladungstransport (P == K und & == ¢) hinzugelfiigt wird. {3, 31

Kriterien dev Ahrlichkeit und kriterielle  Bezichungen aus Verhiiltnissen
cigentlicher Glieder. Dimensionell geschrieben, fuhrt die Gleichung (3), durch
das aufcinander folgende Rapportieren der nichtstationdren Glieder (1), Kon-
vektion (2) und Leitidhigkedt (3):

P p P

R . (4)

m @ ©
zu der Bestimmung der drei Kriterien K (Ho ), K,, (Fo) und K; (Pc¢) der Formn
K,(Ho) — (wt)/1 als Verhiltniss (2)/(1); Konvckton) (Nichsttationaritiit)
K,(Fo) == {(Dt)/12 (35 (1) ; (Kondukt on) {Nichtstationaritit)
K,(Pe) == (w1)/D (2)/(3); (Konvektion) (Konduktivitit)
1

Aunders gesagt, ein konduktiv-molekularer  nichtstationdrer Prozess kann durch
kriterielle Funktionen (K, K., K,) == 0 oder {(Ho, Fo, P¢) == 0, dargestellt
werden., . v
Durch Adaptierung der allgemcinen Gleichuny (4) [ar din entsprechenden
Wirmetransport
" P " .
ol W T = a4 T o
oW =ay (5)
gelangt man zu den bekannten Kriterien Ho(Sr), Fo und Pe dic oben als Aqui-
valente der Kriterien K, K, und K, gebraucht wurden. Im Falle des Massen,-
Impuls- und Ladungstransport, lindet man immer das Homochroniekriterium
{Ho oder Sr Strouhal) und gleichartige Kriterien Fourier (Fo’, Fo” und Fo'"'),
bzw. Péclet (Pe’, Pe’ und Pe’”’), die in Tabelle 1 angegeben sind.
Aus der Tabelle 1 ergeben sich einigen  Schlussvolgerungen :
1. unabhinging der traunsporticrten Eigenschaft, ist die Entwicklung (im
laufc der Zeit) der Konvektiven Prozesse durch das Howocronice-kriterium charak-
terisiert, Ho (Sr, Ky); (Bezichungen 1, 4, 7 und 10 aus Tabelle 1)

dic Dvnamik der molekularen Prozesse (Kbnduaiction, Diffusion) ist von
der Diffusivitit (a, v, D, ¢) der Flgenschait in dem Transportmedium bestimmt,
und durch die gleichartigen Kritericn Fouricr Fo{K,): Fo'; Fo', Fo'” (Bezie-
hungen 2, 5, 8, 11) beschriehen

3. der Baitrag des konvektiver und molekularen Mcchanismus zum Eigen-
schaltstransport ist von Poéclet Kriterien Pe, (Ky), Lo’ P, Pe”” (Beziehungen
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Tabelle 1

Abnlichkeits Kriterien als Verhaltnisse intrinsecker Glieder

A

',':» ansportierte \'er};éi}i'}ﬁs Kriterium Ny
Figenschalt von Clieder :
Wiirme RTIVRN) (\\t)/l = Ho(Sr) o
(33/(1) (at}/12 == Fo 4

12)/(3) (wh/a = Pe = RePr

s e (23 (1) (wh)/1 = o

’ 331y ' (D) 12 == To’ 5
(2)1(3) (wi)/D) = P¢’ == ReSc 6
Impuls (Moment) 21 (wh)/1 = Ho 7
(3Hy(h (vt)/1% == I'0” == I[Re 8
C2(3) (wl)/v = Pc¢”” = Re 9
Tlektrische L‘zu}ung' (23(1) . (w}t)/l = Ho 10
RINEY) (et)/12 = o’ 11
(2)/{3) (whle == Pe’” 12

3, 6, 9. 12) wiedergegchen. Diese sind cigentlich  abgeleitete Kriterien: Pe =
= RePr, Pe’ = ReSe¢, uwsaw. (2B, Pe = (wl)a = [(wl)ja .- " (vjv)] =
= [(wl)jv} v/a] = RePr) ' :

4. von den 12 Kriterien, sind in der Literatur Fo'', Fo'”' und Pe’ nicht
bekannt (G1. 8, 11, 12)

5. das Kriterium Pe¢” (Gl 9) ist identisch mit dem Kriterium Revnolds
(Re) und Fo” (Gl. 8) ist mit dessen Kehrwert gleich. Ein spekulativer Stand-
punkt bezuglich der Kriterien Fourler (Fo, Fo’, Fo”, Fo'"') zeigt cinige intere-
sante Schlussfolgerungen. So folgt, aus dem Ausdruck des Kritcriums Fo,
derwie folgt wicdergeben wird:

at a a 1 1

Fo=" =t " v Pe  Rerr (6)

Tass der Kehrwert des Kriteriums Pe, und desgleichen des Produktes von Krite-
riecn RePr ist. Da Re das Mass des Stromans (Konvecktion) und Pr(Pr = v/a)
der Figenschaftsdiffusion (molekularer Transport) ist ergibt sich, dass im gesamten
Transport (Impuls und Wirme in dicsemn Fall) der Anteil der zwet Mechanismen
komplementar ist (FoPe = 1 oder FoRePr == 1). Zur gleichen Schlussfolgerung -
gelangt man wenn man das Verhéltnis der Kriteriecn Ho und Fo macht (Ho/Fo =
== Pe¢ = RePr und weiter Ho == FoPe == FoRePr = 1), wobel man wieder auf’
dm‘ Kri’tcrium Pe kommt, wobdi die Reihe dor drei I\rltcrlen (f{(Ho, Fo, Pc) =
= F(Fo’, Re, Pr), wsav.) schliesst.

Fiir die anderen Eigenschaftsformen folgt (mrdl Analogic dass o’ = 1 'Pe’ ==
== [/ReSc; Fo”’ = 1/Re und Fo'' = 1;/Pe¢” = 1/(ReBr).



109 L. LITERAT

In der letzen Bezichung ist das Kriterium PO oven der Porm

wl wl oy wl v N,
P o ot e e e ReBir (7)
’ ¢ < » ~ (&
wo das Verhititnis v'e Br c¢in ncues Kriteriwm ist-Dratukeitorium (das wir
mit  Bescheldenheit als Ehrenbezeigang Proflessors Fon. Bratu vorschlagen).

Dieses Kriterium, m der Literatur nicht erwihnt, cibt’ fOr dic Konduktiven
clektrische Ladungs- und Impulsprozesse, analog 2 Praadt] Keitaiun: Pi(v-a)
far Wirme, Schmidt (8¢ - v D) fir Masse oder Lowis (Le o a D) far Witrme
und Masse geben 4

Man kann bemerken, dass [ir jeden transportierten Higenschaftstyp Wechse!
bezichungen zwischen Kriterien (hr Art Ho, Fo, Pc¢ bestehen welche auch durch
dic Produkte RePr, ReSe, ReBr, u.sav,, wiedergegeben werden konnen, die die
Konkurenz der beiden Mechanismen, konvektiv (Re) und molekular (Pr, Sc,
Br) im allgemeinen Eigenschaftstransport betonen. In diescr Hinsischt erliutern
wir den Fall des reinen Impulstransports (ohne jede andere Figenschaft) wo
Fo” — 1/Pe¢"" == 1/Re oder Fo’P¢”" = 1 oder Fo”Re = 1, also ist Re das
Mass des Transports (q.c.d.). :

Dic Schlussfolgerung scheint dberraschend (Fo = 1/Re), weil dieses Krite-
rium Fo (und scine Analogen Fo’, Fo”', Fo’'"’) eigentlich die Dynamik der miole-
kularen Prozesse (K,) zeigen und nicht die der kovektiven Prozesse, deren Mass
das Kriterium Re ist. Dieser Gegensatz lisst sich erkliren, wenn in der For-
mulierung der Kriterien Fo, das Geschwindigkeitsglied sich auf die Bc\\c"ung
der molekularen Eigenschaftstriger bezieht, und so weist ithr Iw Produkt, so wic
bei der Beweisfithrung des Kriteriums Re (6, die Proportionalitit (das Ver-
hiiltnis) zwischen den makroskopischen und molekularen Grissen in der Charak-
terisierung der Bewegunyg aul.

Kriterien der Ahnlichkeit als Verhaltnisse von extrinseken Gliedern. Das
Verhiltnin der analoger Glieder aus den Transportgleichungen mit nominalisier-
ter Figenschaft (Paarwense konduktiv, konvektiv und nichtstatiodr) fithrt za einer
anderen Gruppe von Kriterien und zu Masstabverhiltnissen zwischen diesen Syste-
men. Dicses wird elgentlich zu Verhititnissen von Kriterien der Art K (Ho';
Ho” 'Ho" us.w.), K, (Fo'/Fo: Fo/Fo', usw) und Ky(Pe'Pe': P’/ Pe’” Pe’" /P
wsaw). Wenn die Grossen aus-den kriteriellen Gruppen derselben Natur sind,
haben die Verhiiitnisse die Bedeutung von Masstabfaktoren (z. B, Ho Ho' == 1
wenn die Grossen w, t, 1 in den zwel Svstemen gleich sind oder thr Verbiltnis
cinheitlich st und Ho/Ho” s 1 wenn diese verschieden sind), und zeigt deren
mengenmissige Korrespondenz in den gegebenen  Systeme  (Modell-Prototyp)

Im Falle der qualitativ versehicdenen Grossen, sind die Verhiiltnisse Krite.
rien (. B FPo”/Fo' = v'I) == Sc; Pe/Pe” o (wl/Diwl/v) -2 v/ = ReSc/Rew Sc)-

Wenn man nur die Bedeutung als Kriterien der neuen Verhitltnisse in Be
trachtung nimmt, fir den Impuls, Wirme, Massc- und elektrische Ladungstrans
port, so ergeben sich folgende Kriterien

Yy Fo” Pe : v Fo” Pe’ a o Pe’ Se
.o

Proo o s e T 180 e e [ e e e e (8
@ o Pe’” D o' re’’ Le D I'o’ Pe Pr (( )
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v Fo”’ Pe’’ a IFo Pe””” e TFo Pe’ 9
3p s o e o ] e U o — —
Br = ¢ T Pe” T pe” Lo o= e o T Pe VRS 4} 16 Pe’”’ )

Alle diese Kriterien sind Verhiltnisse der Higenschaftsdiffusivititen (Impuls,
Masse, Wirme, electrische Ladung). Die ersten (Pr, Se, Le) sind wohlbekannt
in der Literatur (8), die lLetzen {Br, L, I} dic den Konduktiven Transpork
clektrischer Ladung miteinbeziehen (9) sind nicht erwidhnt.

Sehlussiolgerungen. Die Analyse des mathematischen Modells des nichtsta-
tioniren Konvektivmolekularen Transports /ugt fiir Wirme, Masse, Impuls
und elektrische Ladung die Moglichkeit der Gruppierung der Grossen und Glie-
dcr in Gruppen von Zahlen (Krltulens) dic aus intrinseken bzw. extrinseken

slicder; folgen. Im Rahinen jeder Gruppe, und zwischen den (xruppcn bestehen
kntulclic Bezichungen und Massstabsverhiltnisse. :

Zwischen dem analysierten Kriterien sind drel neue Kriterien erwihnt
die in dem molckulidren Transport von clektrische Ladung, Impuls, Wirme und
Masse vorkommen.
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THE REACTION OF SOME DERIVATIVES OF 1-(2-1YRIMIDINYL)-
PYRAZOLIN-5-ONE WITH HYDRAZINE HYDRATE

TOAN CRISTEA*

Foseived: June 29, 1960
'

The 4-henzyvlidene-1-{2-pyrimidinyl)-3-methyl-pyrazolin-5-ones Ia...d were
reacted with hyvdrazine hydrate in boiling methanol. As result of a hydrazinolvse
and a transhyirazonation, henzalazine (IT) of the corre sponding aldchyde toge-
ther with hydrazons of acetoaccthydrazide (IV) and pyrimidinylhydrazine deri-

vatives “Va.. .« woere obtained.

As an extention of our studics en the behaviour of some 1-(2-pyrimidinyl)-
3-methyvi-pyrazolin-3-ones in reaction with hvdrazine hyvdrate {17, we report
now the same reaction of 4-benzvlidene-1-(2-pyrimidinvi)-pyrazolin-3-ones
{Ta...d). These compunds were prepared by the condensation of the correspon-
ding S-pyrazolone derivatives with p-dimethvlamino-benzaldehvde in basic
catalvsis [2, 3.

In connection with this question it is worth to note that previous works of
A, Mustafa et al. 47 and M. F. Kaschef ¢t al. 75 have shown that by the reac-
tion oi 4-benzylidene-1-phenvl-3-micthvl-pyrazolin-3-one (II) at room tempe-
rature, the benzalazine (ITI) and 1-phenvi-3-methyl--pyrazolin-5-one (IV) were
obtained, while in boiling ethanol the 4,4'-benzyvlidenc-bis (1-phenyl-3-methyl-
pyrazolin-3-one) (V) was formed.

In this wav we intended to explore more carcful this rcaction between some
4-benzylidene-1-(2-pyrimidinyd)-pyrazolin-5-oncs and hyvdrazine hydrate.

s

. Deparipent of Orqanic Chemisiry, 34800 Cluj-Napocw, Re nan'a



DERIVATIVES OF 1-(2-PYRIMIDINYL)-PYRAZOLIN-5-ONE

If the solution of

was boiled for 1,5 hours,
rroducts p-dimethvlamino-benzalazine
pyrimidinyl hyvdrazine (V

the

drazone of accteoaccthyvdrazide (VIII).

Ia was reacted with hvdrazine hydrate in

pyrazolones Ia..

thanol also at room temperature for 4 hours.
this case in the crude reaction product, the
midimyl-pyrazolone (tautomeric form) INa was de-
tected by TLC, as show in Fig. 1.

The reaction with hydrazine hvdrate

voured by acid catalvsis.
Taking into account

.d
and an excess of hvdrazine hvdrate in methanol

we isolated as reaction

(VI), the

ITIa...d) and the hy-
me-

In

pyri-

the

suggested as the first step in the
with hyvdrazine hyvdrate the nuclecophyle addition

of the last one to the =z, 8-conjugated

system,
of the C—C bound,

abhove

data,
reaction

is

it

of

fa-

18

S

I

carbonyl
followed by a retro-aldolic splitting up
to give the binzalazine VI and

the pyrazolones IN. Subscquently the pyrazolones

IX react with the hyvdr

shown in our previous work 1L
a1 =4
)‘ - ‘@
CH:;REEH i c;-«zu}i
! 7 [ 0
e 4%y N oy
NG — | ] e
g ) hial
u:{\,r/kﬂz | SRy
E , 2y
‘a.d
R = LNt
a1 Ry=H ;RZ:C:~4 i
5 RysCHy [ Ry=0M ‘
::R4=CH3 sRy=C .
L RerCHy [ Ry 00Ky

The

-5-one (X) {6

azine hvdrate

graphy (TLC)

103
& ‘
e 0 j
8 6

g & :
a 5 c ¢ e
Fig. 1. Thin layver chrowato-

on the reactiv: of
4-benzy lidene-1- (2-prrimidiey-

pyrazolin-3-one (Ia) with hydra-

zine hydrate.

a: reaction products, b: pyrimi-
dinvl-pyvrazolone IXa (pure;, ¢
prrimidinyl-hydrazine VIIa (pu-
s A hydrazone of acetoacet-

T

in the wav  hvdrazide VIII (purel, e: com-
‘ pound IA (purej. :
L'ﬁﬁ"‘“’“’wﬁ H Emdm 1;
N/L ' i OH |
A i Ay |7 RCHEN-NZHR
N7 | < ‘
YT ; R ) v
: Y B 1
X X
(HoM)
Nty
B N R
CHE’\{‘RZ =0
Rl TNH2 \NH-NH,
e.d Vit

-(4-chloro-5,6-dimethyl-2-pyrimidinyl)-4-formyl-3-methyl

in the molecule:

pyrazolin

is intcresting for a reaction with hydrazine hydrate owing to the
presence of thrce electrophilic centers

the {formyl group, the

position 4 substituted by the chlorine atom and the ring carbonyl. If the reaction
was performed in the conditions described in the experimental section, the hydra-
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zone of  1-(4-hydrazino-5,6-dimcthyvi-2-pyrimidinyl)-4-formy1-3-methyl-pyrazo-
lin-5-on¢ (XI) was obtained in good yield. This shows that in this case no ring
cleavage takes place, in spit of an excess of the hydrazine hydrate.

This behaviour mav be assigned to the clectron-with drawing effect of the
CH == N—XNH, (or CHO) which stabilizc the pyrazolone ring. ‘

Expertmental. The purity of the compound was checked by TLC sitica gol Mereh plates.

The aap. were determined in capilaries and are uncorrected. }

The TLC were parformed on silica gel Merck plates using chloroform @ methanol 3: 1 as eluent. *
The development was performed in saturated N-chromatographic chambers. The detection was made
with iodine vapours.

Reactions vith hydrazine hvdrate.

Reactions of Ta. . .d. a) To a suspension of 0.01 motes Ia.. . din 25 mml methanol, 53 ml (0.1 moles)
hydrate hydrazine, were added and the mixtude refluxed for 1,5 hours. After a fow ninutes the red
solution lost colour and VII precipitated. After cooling was filtered and thus the pure VII was obtai-
ned. The filtrate was evaporated and residue was treated with 20 ml chloroform and filtered. The in-
soluble part was recrystallized from DMFA —water 2: 1 to afford VIIL The chloroformic solution was
evaporated and the solid VI recrystallized from ethanol, melts at 251 (lit. 250 ~253 ", '8/j. Some data
are listed in Table 1.

Table 1

Compounds isolated by the reaetions ol Ta .. .d with hydrazine hydrate

Compound MopClit L7 Vield  Compound M.p. ¢ Yield
Vila 241/238 87 61
VILbh 332/352 74 VIIL 320 }GO
Vile 206/206 83 58
VIrd 115/116 75 65

b) To asolution of 0.001 moles Ia in 5 ml methanol, 0.1 ml {0.002 moles) 100% hydrazine hydrate
atd a few drops of HCl conce. were added and the mixture stirred for 4 hours at room temperature.
After a few minutes the red colour of solutiou dissapeared. This solution was used for thin layer chroma-
tography, using silica gel Merck plates.

The_results are given in Tg. 1.

Preparation of X. To a mixture of 50 ml ice-cooled DMFA and 25 ml POCl,, 10 g X was  added
The mixture was stirred at 70% for 4 hours, and then poured in ice. The pII was adjusted at 7 with

.
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olution of NalICO, IM, and allowed to stand at room temperature for two hours. The product
s filtered and the precipitate washed with water. The crude product was recrystallized from metha-
-water 201 mp. 887, Gy H NOCH266,5). Caled, N7, 21,02, Found. 21,11, "TH-—-NMR  spectrum
YCLyh, Alppmi: 9.90 (CHO), s)1 2,40 (CHy, s, pyrazol): 2,50, 2,62 (twoCH,, s. pyrim.).

Reaction ui N, To 0.23 g (0.001 moles) X in 10 mi ethanol 0.2 1l (0.004 moles) hvdrazine hydrate
ve added aud the mixture boiled for 1 hour. After cooling the precipitate was filtered. The precipi-
<, 0.21 g (807, was reeryst lize:d from DMEPAL Thus pare XT was obtained, m.p. 318°C. C;{H;,[N,O
6). Caled. N, 40.57, Found. 40.8. IN--NMR spectrum, 3 (ppm): 2.30 (CH,, s, pyrazol.); 2.58,
0 (two CIH, s, pyrimidin.); 415 (NII -NH,, m). (CDCL,).
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IN MEMORIAM

Prof. dr. doc CANDIN LITEANU [

With deepest regret we noticed the death of professor Candin Liteanu after a long and he:
‘Hness cn 4;\Ia§‘ 30th 1990. Being an outstanding teacherand rescarcher he initiatell generations of ve
neople in persevering to study, to acquire knowledge and to discover new pathways in science,

Bornt on July 6th 1914 in a modest family of peasants in a small village in Transylvanic, o
graduation from two higher schools: Agronomy (1937, agré¢nomist) and University of Cluj, Facw
of Chemistry (19413, he earned his Ph. D. degree in chemistry in 18435, He held academic positicn:

. the same University of Cluj being professor of analvtical chemistry from 1951 til] his retircment (197

{e was head of the Department of Analytical Chemistry 1864 1677, Veary active in teaching and
search he recognized the importance of fundamental work driving himself much too hard to contrib
io the solution of some acute problems in analytical chemistry. Professor Liteanu was Yery muc
feader and innovator with a forceful personality and much shrowdness in the identification of resea
topics of future importance. He init’ated fundamental studies in the theory of the equivalence o
titrimetry, in chromatography (theory and practice of temperature gradient chromatography), ion
tive electrodes and statistical theory of trace analysis based ou signal interpretation. Being interest

1 the practical aspects of the analytical chemistry too, he worked out together with his numercus «
feborators many new analytical methods for process control, ut the same time initiating the product

on nicro scale of ion-selective electrades and chromatographic materials requested by our in

His publications include 341 scientific papers and 9 textbooks and monographs, respe
seme of them bheing translated and published abroad. His textbook on titrimetry appeared i 7 ¢

ticns is a very useful tool even today for those being intcrested in the study of analyvtical che
His didactical and scientifical activity were recognized by awarding the title of , Honoured Scientis
iis death is a heavy logs not oniv for our Faculty but for the wkole chemical community in

ceuntry as well. He will be remembered by all his pupils, colleagues and friends.

T.. KEXET
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panometallies in Caneer Chemeotherapy, Yo-
ae [ Main Group Metal Compounds CRC-
:ss Ine., Boca Raton, TFlorida, 1989.

The book with the above title is the first
tume of a monograph dedicated to anticancer
ivity of the organometallic compunds, dea-
with the Main Group Metal Derivatives.

o

(=3
The book is written mainly for chemists
orking in the synthesis of organometallic

npounds) as well as for people who investi-
e the biologic properties in genera! and anti-
nor properties in particular. The related as-
its of toxicity, and other than antitumor
dical uses were briefly touched, when possi-

‘Iu ‘a short Imtroduction an overview of
field of organometallic chemistry is presen-
i tthe question ,what is an Organometallic
moound 7 is aswered, the ability of Main
oup and Transition Metals to form organome-
lic derivatives and the chemical bonding in
3se compounds are mentionéd in this chapter).
is is followed by a short discussion of the me-
»ls of Antitumor Testing Organometallics.

The number of pages and references are
ficative about the volume of information avai-
ne about the activity of every metal derivatives,
ganoboron, {Chapter 2), p. 21 -36, 109 refs:
ganosilicon (Chapter 3), p. 41--76, 156 refs;
ganogermanium  (Chapter 4), p. 83—117,
% refs; Organotin (Chapter 3), p. 129183,
4 refs; Qrganolead (Chapter 6) p. 177180,

refs: Organoarsenic (Chapter 7), p. 185—
7, 136 refs; Organoantimony (Chapter 8)
233239, 88 refs; Organobismuth (Chapter-
p- 243244, 25 refs; Organotallium (Chapter-
), P 245246, 16 refs.

Lach chapter begins with a general and
storical approach of the biologic implication
organometallic derivatives, followed by the
scussion of biological activity, toxicity and
titumor properties in relation to the number
metal-carbon bonds.

The results of in vitro anlin vivo
titumor screening of organometalloid and or-
nometallic compounds are presented chrono-
sically, and are classified based on their struc-
re. When data are available, structure-acti-

Ly relationships are suggested. The resnlts
clinical trials of Spirogermanium and Ge-132are
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also described. For some type of organometallic
compounds considerations on the mechanism
of antitumor activity are presented.

The book is présented in remarcable gra-
phye condition.

LUMINITA SILAGHI-DUMITRESCU
Modern Thin-Layer Chromatography, Chro-

matographic Science Series; Volume 52, Nelu
Grinherg, Tid. NII + 490 pp., Marcel Dekker,

Inc., New York, Basel, 1990,
Since 1936, when Stahl established thin-
faver chromatography (TLC) this technique

became quickly one of the most popular chroma-
tographic methods, as it is easy to carry out and
inexpensive, allowing to saparate wide classes
of compounds. TILC has several advantages over
the classical column operation. Tirst, the overall
throughput can be higher since many samples
can he plotted on individual plates and developed
simultaneouslyv. A second advantage is the po-

tentially higher resolving power. This book
documents  the impressive achievements by
researchers in TLC..

Preceded by a foreword by B. L. Karger
and a preface by Nelu Grinberg, the following
items are covered. The ,Introduction” (Chapter
1) by Nelu Grinberg outlines some aspects of
the history of TLC and the place of TLC among
chromatographic techmiques. Chapter 2 | Sta-
tionary phases in TLC” by 8. Gocan offers a
deep insight into the properties and characte-
rization of stationary phases used in TLC. The
coating materials for TLC are systematically
reviewed, starting with the most commonly
used silica, cellulose, alumina, or kieselguhr,
and followed with polyamides, ion-exchanger
resins and other materials like gels, starch, su-
crose, mixed adsorbents etc. In general the fo-
llowing aspects are considered: preparation,
nature of the surface, activity, effect of struc-
ture on the chromatographic properties, appli-
cations. This is by far the longest chapter, it
contains 10 tables, 31 figures, lists 810 (!) re-
ferences, and is of 132 pp. in length.

In Chapter 3 , Mobile phases in thin-layer chro-
matography” by S. Gocan the problems of sol-
vent classification and mobile phase selection
are presented. This chapter contains 8 tables

7 figures, lists, 58 references and, 35pp. in lenght.
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The theoretical aspects of TLC are  pre-
sented also by S, Gocan (Chapter 4). This chapter
provides valuable information on the kinetics
of sample and mobile-phase migration through
the laver, on the influence of the vapor phase
solute interactions with stationary and mobile
phases and separability criteria in TLC. All
problems are explained on a sound theoretical
basis, the pertinent relatiorships being presen-
ted and thoroughly analyzed. This chapter con-
tains 4 tables, 5 figures, lists 246 referenccs,
and is oi 72 pp. in leght.

Chapter 5 | Quantation in thin-l{tycr chro-
matography”™ by G. Szepesi discusses the pro-
blems of quantitative work in detail. Two basic
approaches are distinguished : 1) direct methods
in which the separated spots are determine
in situ on the plate; and 2) indirect methods,
in which quantitative measurements are carried
out after ¢lution of the spots in the chromato-
plate. The separated compounds can he quanti-
fied Dy colorimetric, fluorimetric, spectrophoto-
metric and other methods. The pertinent rela-
tionships are also presented, mainly those refe-
ring to densitometry. The exact proof and eva-
luation of the suitability, correctness and preci-
sion of each chromatographic process, as well
as that of instrumental components arc examined
in detail (validation). This chapter contains 10
figures, lists 30 references and is of 34 pp. in
length. The problems of instrumentation are
discussed by (. Szepesi in Chapter 6 conside-
ring the sample applications instruments, chamber
systems and detection syvstems. The fundamental
aspects of automation and computerization are
also dealt with. This chapter contains 16 figures,
lists 32 references, and is of 26 pp. in length.

Under the title , Special techniques” {Chap-

ter 7) by N. Grinberg, H. Halasz, S. M. Ifan and
D. W Armstrong the following topics are pre-
sented: continuous TLC, forced-flow TLC, bi-

dimensional TLC, gradients (elution, tempera?'

ture, stationary-phase) in TLC, chiral separa-
tions in TLC and preparative TLC. This chapter
contains 10 tables, 68 figures, lists 258 references,
and is of 121 pp. in length. Chapter 8 with the
title | Mobile phase and time optimizationa” is
by R. Blanco. The low cost of chromatographic
supports and solvent render their optimization
unimportant, so the most important factors
to be considered are analysis time and resolu-
tion. For this purpose time analysis optimiza-
tion and mobile-phase optimization are conside-
red in detail. This chapter contains 2 tables, 5
Ifigures, lists 26 references, and is of 17 pp. in
tength. The topics covered by the last two chap-
ters include a study of | Relationship between
thin-layer and column chromatography’ (Chap-
ter 9; 12 pp.) by N. Grinberg and , Perspecti-
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ves i thin-laver  chormatography”
1o I3 pp.; by J. C. Touchstone.

(Chay

Overall, this is a well writton, cdited ¢

produced book. The authors have altained tl

goals with this text, which is extranly detar
and ¢neompass a large wmmount of knowled
All chapters are well organized being docnmen
with more than 1400 bibliographic citations
uscful table of contonts, that is judiciousis

vided into a uumber of subsections, vied o o
composite subject index at the «nd of the
are helpful in a rapid orfentatici. There i
difficulty in jocating a particuler topic. A
all, . Modern Thin-Laver  Chromatography”
an outstanding resource for chromatograpi
analyvtical, organic and forensic ehemists, i
chentsts, pharmacists, biotechnologists, as v
as for graduate stwdents in these discipth
The level and the content of the presentat
are such that both noweomers and wore exp
practitionors involved in T1O will o

this monograph very

viree:d
UsCii.

LRKIEKI

Proceedings of the Fourth Internat o
Symposium on Instrumental High Perfor maz
Thin-Layer Chromategraphy (P’lanar  Ch ron
tography) Selving/Bergamo, Italy. Septem#
2223, 1987, Edited by H. Traitler, A. Stud
R. . Kaiser; Published by the Institute
Chromatography, Bad Diirkheim, FRG.

The volume comprises a numher of
papers which extend on 468 pages. By look
at the contents of the papers, we can see t.
most of them deal with quantitative determi
tions using adequate instruments: TTC-Scans
UV-Vis and Fluorescence; Iatroscan TTC %
system clearly assisted by caleulation techniy
As to the fields of application they cover av
area of compounds from a vast number of cl
ses. One of the papers which draws cnr attentt
refers to the use of hidrophilic modificd sorhe
{amino, cyano and diol) by Jost and Hau
The development techniques are also prese
in the volume by the Camag automated gradic
technique. The papers using the OPLC systs
are present too. We have to mention a nove
in this field, that is the paper: High pressi
planar liquid chromatography by Kaiser o
Rieder. Then is another group of papers wh=
deals with the optimization of the mobile pha
The rest of the papers cover a great numt

of other problems.
The volume .is published in a very ne
way and due to the quantity of information
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contains it should be present on the book-shelvs
of all those interested in the practical and theore-
tical problems of thin-layer chromatography.

S, GOCAN

Proceeding of the International Symposium
on  Instrumental Thin-Layer Chromatography
Planar Chromatography, Brighton, Sussex UK.,
February 21--24, 1989, Edited by R. I Kaiser;
Published by the lustitute for Chromatography,
Bad Diirkheim, FRG.

The volume contains 48 papers, but some
of them are-in abstract forni. The papers that
deal with the quantitative determination assis-
ted by caleulation technique are in great number
It we won't discuss them. We are going to re-
view a great number of papers, dealing, with
diverse problems which point to the high Tevel
of TLC, nowadays. In the field of detection:
there is a new detector for radiochromatography
(the digital autoradiograph) which measures
the position and intensity of the 2-dimensional
distributions of ionizing radiation from radioiso
tope labelled TLC plates (H. Filthuth). The
possibility of direct analysis of HPTLC. plates
by laser microprobe mass spectrometry has also
been demonstrated. There are also applications
of TLC and ITPTLG-mass spectrometry 1. 1)
Wilson). . Koglin shows the possibility of the
acquisition of Raman spectra from HPTIC
spots down to I um in size or other forms of
microsamples approaching the fentogram level
in mass. The surface of the thin layer was acti-
aated by using silver colloidal. The on-line cou-
pling between HPLC and automated multiple
development (K. Burger), is also present. The
problem of cluent optimisation is dealt withinthe
following papers: Fast optimisation of the sol-
vent composition in TLC using a multiple deve-

11t

Joping chamber (H. Keuker ¢t aly; also: multi-
ple development — a new gradient clution sys-
tem to realize quiker separations of autraquinone
glveosides (A, Koch and Jj. Krausi; trends in
analvtical forced-flow planar chromatography
{(Nz. Nviredy); recent advances i1 overpressury
laver chromatography (Newton R.).

There is another group of papers dealing
with separation of enantiomers: TLC enantivme-
ric resolution (J. Martens et al.y: separation
of enantiomers in TLC (M. Marck and M. .
Haucky; cnantiomeric separation of aminoal-
cohols by TLC using a chiral counter ion in the
mobile  phase  (Anna-Maria Tivert and = \Asa
Backman) aud preparation and application of
TLC plates for enantiomer separation {(P. E.
Wally, Another aspect of reversed-phase TLC
is that of using capacity factors for prediction
of bvdrophobicity of ionogenic aromatic hydro-
carbons (P, de Vooggt et al.); Reversed phase
ion-pair high performance TLC {G. P Tomkin-
et aly T Spurway et al. deseribed prelimi-
nary results obtained for a lmitcd number of
compotuds using C~ 18 and evanopropyl bon-
ded TLC plates for chromatography of N--oxide
metabolites.

In the end we shall speak of two papers
which conument on the future of TLC: Multidi-
mensionad on 1 omultimodal TLC pathway
the fnture (O F. Poole ot alld; planar ehromato-
state of the art and future treads (R0 B

son

Lo

araphye
Kaisers,

The papers comrprised in this velume have
the abin of prescnting the stage of development
of instrumentalization in TLC. The voltme, o
alt §t. diversity is a unitary work and of o great
inte all rescarchers in planur chront,

Crapity.

5. GOCAN

=
£z

Tiparul exccutat la
Imprimeria ,ARDEALTUL* Cluj,

Cda: 1221990






Tn cel de al XXXV-lea an (1990) Studia Universitatis Babes-Bolyai apare !In 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)

Tn the XXXV-th year of its publication (1990) Studia Universitatis Babes-Eolyai is issued in the
following séries:

mathematics (quarterly)

pliysics (seraesterily)

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)

Dans sa XXXV-e année (1990) Studia Universitatis Babes-Bolyai parait dans les séries suivantes:
mathématiques (trimestriellement)

physique (semestriellement)

chimie (semestriellement)

géologie (semestriellement)

géographie (semestriellement) ~7
biologie (semestriellement) '
philosophie (semestriellement)
sociologie-politologie (semestriellement)
psychologie-pédagogie (semestriellement)
sciences économiques (semestriellement)
sciences juridiques (semestriellement)
histoire (semestriellement)

philologie (trimestriellement)
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