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SEMICONDUCTOR GAS SENSORS _ 
II1. Sensor and Device for the Determination of

Ethyl Alcohol Vapours in Air
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The results concerning the realization and characterization of a SnO2 based 
semiconductor sensor for ethyl alcohol vapours in air are presented. The sensor 
equips an alcoholtest device for breathed alcohol détermination. The calibra­
tion method o£ the device as well as the first experimental results obtained are 
also presented.

Since their appearance Г.1 ], semiconductor metallic oxides based gas Sen­
sors have bcen studied to a large extent. Under certain circumstances, on the 
surface of a n type semiconductor oxide the reversible adsorbtion of some redu- 
cing gases oceurs, which détermines the increase of the electric conductance 
of the material. Making use of this property, semiconductor sensors for the res­
pective gases have becii 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 eatalytic role (Table 1).

Using Sn02 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, 21].

This paper présents the results concerning the design and the caracteriza- 
tion of a Sn02 based semiconductor sensor for éthanol as well as the construc­
tion and testing of a device for breathed alcohol détermination (Alcoholtest).

Results and Discussion. A. Semiconductor sensor for ethyl vapours.
The sensor is of Taguchi type [19]. On an alumina tube (0 ;Ш1ег «= 0.9mm ; 

0 outer — 1.2 mm) of 5 mm length, two gold film electrodes have been painted, 
at 1 mm distance each other, and at both ends of the tube platinum termi­
nais (0 — 0.1 mm) have been mounted. The Sn02 based semiconductor mate- ■ 
rial has been coated on the electrodes as a paste (Fig. la). The sintering pro- 
cess has been performed in air, between 400°C and 800°C, in 6 — 9 hours. 
A heating filament 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. lb).

The electric circuit the sensor has been included in is shown 
in Fig. 2.

The installation for o b t a i n i n g standard gaseous mixtures in 
air, necesary for the study of the sensor, has been described in a previous 
paper [22 ].
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Table ?

SnO2 hnsrd sensors

Composition Sintering tempé­
rature (K)

Detected 
gases

Constructive 
variant

!•< %•£ rences

SnO2 (60%) -Ș- ZrO, (22%), 
SiO2 (17,3%), PdO (0,5%)
SnOj (87,6- 92,5%) + AljO, 
(8,6-10,7%), WO, (1,6 — 2,1%), 
PaO (0,4 -.0,6%), NajO 
(0,2-0,25%), PdO

970-1270

820970

fuel gases

reducing
gases

thick laver

disk

pu 7

з

SnO.. + MgO (0,1-20 mol%),
Nb,Oâ

870 o2 disk [4]

SnO2 % PdCl2 (1%), MgO (1%),
Nb max. 20%

870 1070 propane thick layer ;5 J

SnO2 4- (Sb, Bi), l't NOj thin film 
RF sputtering

6

SnO2 620 - 720 XO thin film [7]

Sn()2 -I- PdCl2 (1%), MgO ( I %),
ThOj (5%)

670 CO thick layer Г8.9]

SnO, % (Sb, Bi), Pt, Au CO thin layer [10]

SnO2 -t MgO, Pd, (ThO2, SiO,) CO thick layer [11]

SnO2 xo thin film [12]

SnO2 620
oxidizing

J-tOII thick layer [13]

SnO2 H., H, s thin film 
RF sputtering

[14]

àno2 720 CO, propare 
éthanol

film deposited 
by spray-pyro- 

lysis

[1S]

SnO2 -)- Cr, Ru C(CII3)4 
n-propane

[16]

SnC\ + Ag 870 H2 disk [17]

SnO2 + Л1 silicate (36%), 
PdCl2 (1,5%)

1070 CK4 [18]

SnOj % Bi2O3 (15%), 870 CO [18]
PdCl2 (1,5%)
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Fig. 2. The electric circuit 
diagram. S - sensor ; R j — 
standard résistance (10 ki> ; 
Uc — measuring circuit supply 
voltage (5 VD c } ; Un-beating 
circuit supply voltage (4d» 
VD c );1,i — analytical sig 
nal; T - 21) C; R.II. - 65%

Fig. I. The costrnction of the sensor. a) the sensitive element : 
í — electr odes ; 2 -- sintered Sn()2 layer ; 3 alumina tube ; 
4 — filament ;5 — terminais, b) the sensor-socket assembly : I 
— sensor ;II — socket; III — protection lid ; IV stainless 

steel ganze.

T h e o p e r a t i и g t c m p e r a t n r e — For a given gas concentration 
in air, the analytical signal dépends on the température of the sensor, as it 
results from Fig. 3, for éthanol, acetone and acetic acid, respectivele.

Fig. 3. The dependence of Г, upon 
the température, a) 100 ppm éthanol in 
air ;b) 100 ppm acetone in air ; c) 100ppm 
acetic acid in air ; d) air ; U - - 5 Vn ; 
1<ъ — 10 КП ; T - 20 C ; R.II. - 65%.

F i g. 4. The dependence of Uj upon 
the température for different concen­
trations of éthanol vapours in air. a) 
air; b) 42 ppm; c) 100 ppm; d) 400 
ppm (experimental conditions : see 

Fig. 3).
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Fi g 5, The calibration of' the sensor. a) ethyl al­
cohol; b) acetone; c) acetic acid (experimental 

conditions: see. Fig. 3).

The température charae-teristic of 
the sensor signal is similar to the data 
existing in literaturo [231.

The optimum operating tempé­
rature has been chosen so that to a 
signal amplitude as large as possible, 
litt le cnergy consumption and a great 
fpeed oi response should correspoi d. 
Hence, the best working température 
l'or the éthanol détection has been fo- 
und to be at 250°C. This value does 
not varv with the gas concentration 
(Fig. 4/. :

T h c calibration — lu 
Fig, 5 arc shown the calibration cur-
ves for ethyl alcohol, acetic acid and 

acetone. For this purpose, the sensor signal for different concentrations of C2H5 
OH, CH3COOH and ,CH3COCH3 obtained with the equipment tised to prepare 
standard gas mixtures in the air, hâve been measured [22 2 The saturation 
phenomena occurs at concentrations higliet than 600 ppm for ethyl alcohol and 
acetone and at values higher than 200 ppm for acetic acid respectivele.

T h c r e s p о 11 s e t i m e - The response time of the sensor, defincd as 
the finie the sensor reaches 90% of the utmost signal, deereases with the incre- 
ase of the éthanol'concentration (Fig. 6a). At a concentration of 100 ppm étha­
nol (Fig. 6a, curve 3), the response time does not exceed 30 s. The response 
time is also reduced with the rise of the sensor température- (Fig. 6b).

Fig. (S. The dependenee of Ig upon ti.ne. a> at different concentrations of éthanol : 1 — 42ppm;
2 — 84 ppm; 3 — 100 ppm ; 4 — 400 ppm. b.) at different tetnp.ratures of the sensor.
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1? i g. 7. The stability of the sensor operating b'ig. 8. The dependejice npon the
in discontinuons working conditions (experimen- interfèrent concentrațion. a) 100 ppm

tal condițions: see Fig. 2). éthanol; b) 100 ppm éthanol — x ace­
tone ; c) 100‘ ppm éthanol 4- x acetic 
acid (experimental condițions : see Fig. 3).

The stability — In conditions of a discontinuons operation which 
is characteristic to Alcoholtest device, the sensor is stable in time, as it results 
form Fig. 7. A monthlv calibration is enough.

The s e 1 e c t i V i t y — The .sensor response in the case of the siniul- 
taneous presence of alcohol and acetone vapours, or alcohol and acetic acid 
vapours, respectivele, is show.n in Fig. 8. It has been observed that the inter­
férence is not additive, the signal correspondig to the simultaneous presence 
of alcohol vapours and that which interfèrent being infeiior to that correspon- 
ding only to ethyl alcohol. The st ronge st interfèrent from the studied ones is 
the acetic acid. ïn the presence of oniy one component in the air, the corrcs- 
ponding signal at 400 ppm acetone is cqual to that one given by 100 ppm 
ethyl alcohol (see Fig. 5).

The i n fine n c e о f t h e ni о i s t u r e - - Generally, the atmosphcric 
moisture lias a great influence on the response of such a type sensors [191. 
However, a relatively reduced influence of the moisture content on the value 
of the signal in the référencé conditions (100 ppm ethyl alcohol, R.H. 65%, 
T' - 20°C, Tsensor -“= 520 K) is observable in Fig. 9.
B. Alcoholtest device with scmiconditcfor sensor

Semiconductor sensors of this type are usecl for the construction of sonie 
devices for détermination of the concentration of alcohol in air or of the al- 
coholemia at human subjects [20, 21 .

T h e c о n s t r u c t i о n — The conductance of the sensor dépends on the 
concentration of the alcohol vapours in the air according to

G - kc" (1)

where к is a constant characteristic to the type of sensor and n~ 0,5 [23 .. The 
analytic signal (UL) dépends on the sensor conductance following the relation :

%. %-----2----- . (2v
Gj. + G

where Gb - ,-----(see Fiy. 2)
Ri.
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F i g. 10. The linearization of the 
sensor response.

Fig. 9. The influence of the moisture content upon
the sensor signal. —------ the référencé level : 100 ppm

éthanol, R.II. - 65%.

In order to the Alcoholtest device should reflect directly the vapour con­
centration in the air, the sensor lias beeil incorporated in an electronic circuit 
with an input — output charactcristic presented in Fig. 10.

Reprezenting graphically the indications of the device versus the concen­
tration ol ethyl alcohol vapours (in static condition) the straight line írom 
Fig. 11 has been obtaiued with the équation C,lev«- =- —6.95 -f- 1.07C : COR — 
= 0.999.

T h e funcțional c h a r a c te ri s ti cs — In order to permit the 
measuring of the alcohol vapours concentration in the breath the device is 
provided with a mouthpiece. This has the role of maintaining relatively constant 
the quantité- of air breathed over the sensor (Fig. 12), no matter of the tested 
gurnan subject. On the other hand, the mouthpiece maintains l'or a while the 
has to be analysed in the neighborhood of the sensor. To avoid the contami­
nation írom oue sample to another tiie mouthpiece is changed cach measure- 
ment.

Fig. 11. The linear charactcristic 
of the device.

Qi//Л/
Oufp-Ji

F i g. 12. The dependence bet- 
ween the air input and the air 
output through the niouth- 

piece.
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T h e t e s t i n g o f t h e A 1 c o h о 11 e s t d e v i c e i n real dyna n i c 
f u u cti oni n g conditions — To verifv the correctness of the Alco- 
holtest device functioning in real conditions (when the air runs over the sensor 
with a flow rate of 1100 — 1300 1/min, see Fig. 12), the instructions given by 
thc device were compared to the results of the chromatographie analysis 22). 
Thus, the concentration of the alcohol vapours from the air breathcd by a 
human subjcct. who has previously ingested a quantitv of alcohol — was deter- 
minated both through chromatographie way and by means of the Aleoholtest 
device. The results obtained are presented in Table 2.

Table 2

Concentrations of éthanol vapour.s lu air determinálod by the Chromatograph and 
Aleoholtest device

No. Peak area +r (ppm . I 'device (ppm) ^device (ppin) ЛС C , C,
(mm2) (ppm) (ppm)

1. 136.5 178.8 150 ; 150; 150 153.3 4-25.5
о 128.7 168.6 160 ; 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 -r 22
5. 106.6 139.7 160; 160: 150 156.6 - 26
6. 106.6 139.7 130 ; 150; 140 140 0,3
7. 106.6 139.7 130; 130; 130 130 -P 9.7
8. 100.8 132 130 ; 130; 120 126.6 5.4
9. 89.6 117.4 120 ; 110; 100 110 + 7.4

10. 82.6 108 140 ; 130; 100 123.3 -15
И. 82.6 • 108 70 ; 100; 100 90 + 18
12. 63.7 83.4 70 ; 80 ; 80 76.6 + 6.8
13. 48 62.9 40; 60 ; 50 50 rn 12.9
14. 39.6 51 40 ; 60 ; 50 50 --1
15. 26.2 ' 34.4 3« ; 20 ; 20 26.6 -i- 7.8
16. 14.4 18.9 20 ; 20 ; 20 20 1.2

The équation of the line calculated by the least squares method corresj

% at 34 C [22 J. The data

ding to the corrélation of the concentration indicated by the Aleoholtest device 
with that one given by the Chromatograph is : C,!cViœ = 0.426 + 0.947 Ccr, 
with the corrélation coefficient COR = 0.976.

A M-9 ITIM model Chromatograph w as used, under the following working 
conditions : detector FID, Cromosorb 102 coltimn, length = 2 m, 0 = 2.2 mm, 
Tevawator = 200°C, Tdetector =.200°C, 1\.hiimlK.r -= 190°C. The chroma­
tographie device was calibrated with a mixture of ethyl alcohol vapours in the 
air with a concentration of 84 ppm, moisture 10 
arc to be found in Table 3.

Finally, the possibilitv of calibrating the 
de vice 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 . Ily a 
simultaneous détermination of the alcoholemia 
employing the official method at the Legal Medi- 
cine Institute and the concentration of the alcohol 

The calibration of the
Chromatograph

Table 3

No. Peak area A
(mm2)

A
(mm2)

1.
2,

66.3
71.4 64.1

3. 54.6
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vapours írom the breathed air by the Alcoholtcst device, l'or three human 
subjects, wc hâve obtained the rcsults prcscntcd in Table 4.

The cores of the aleoholPHiia delernihied wilh lhe Alcoholtesl de vive and
the legal method

Table 1

Subiect no. Time írom inges- Bíooii .Tlcohülc;ni.i 
legal üiethod

Alcoholtcst alcoholenJa 
(g%<>)tion (h)

1. 11,5 0,43 0,31
«.) 0,29 0,23

• > 0,5 . 0,2 0,31
<) 0,33 0.46

3. 0.5 0,62 0,50
2 0,62 0,47

Through the least .squares method, the équation of the régression line lias 
been calcuïated : AW()O(1 — —0.01 q- 1.125 A,levice , witli COR — 0.701. The poor 
corrélation coefficient could be explained by the small number of the experimen­
tal points as well as by the pecnliarities of each individual’s metabolism.

Cónelusions. A SnO2 based semiconductor sensor, of Taguchi type, for 
ethyl alcoliol vapours has been obtained. The performance of the sensor reconi- 
niend it to be incorporated intő an Alcoholtcst device. This device measures 
the concentration of the éthanol írom the breathed air with the possibilité of 
calibration in alcoholemia. It is small sízed, portable, capable of operating in 
severe environmental conditions. The possibility of false indications owing to 
acetone and acetic acid is mininiuin. The correctness of the chromatographie 
method for calibration is attested bv the concordance of the alcoholemia ana­
lyses determinated through the official method with the device indication, with 
an error of max. 0.15 g%o. The device solves the specific problems with mini­
mum means and its performances are comparable witli more sophisticated similar 
deviccs 20, 211.
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III1. The Operating Mcehanism oi' a SuO2 Based Suisor ïor Ethanol
MIHCEA AVHIV. ЕЕ111ЛС Pl'SKA.S». EAKMEA BĂJiCESCI 1. CĂTYI.IX POPESCV*  **. and 

EMU, COH1IOȘ*.

* Lnivi.T'iitx ni Cluj, l'aculiy ni Cheminai "Çeniinainqx-
** Territorial СотрйГтд Center, Clui, Нотами

f

J?. < . A4'<! Mr. 4

The experimen tal results obtained with a semiconductor Sn(.)2 based sensor 
mile în o.ir kiboratory are disc üssed referring to the theoretical operating model 

proposed by Windischmann and Mark.

Introduction. Tiit great interest in ereating new semiconductor gas sen­
sors is justifiée! by a nuinber of funcțional characteristies as : small size, rapidly 
in response, high sensitivitv and the posibilitv of them being included into 
a high integrated structure. These qualifies confer them a certain competitivity 
among different methods of gas analvsis Г1 i. Xowadays, the efforts art made 
in the direction of improving the main deficieney of this type of sensor, 'the 
reduced sélectivité Г2 —5P On the other liand, although fliese sensors are uti- 
lized in practice ou a large scale, their operating mechanism is not yet entirely 
cleared up [6, 7].

The present paper présents a nuinber of experimental results obtained 
with a semiconductor SnO2 based sensor of a proper construction [8p Taguchi 
model [9 . The results are examined on the basis of the operating model pro­
posed by Windischniann and Mark [10 P

Experimental results. The electric circuit in which the sensors arc included for measujement 
performance,the sensor constiuction as well as the installation for gas mixture préparation have been 
previoiisly described [11, 12 .

1. 7'he temberaCi-'e ';i-in'lo\’. An impa. tard characteristic of the sensors is the température window, 
i.e. the température range in which they can Hmction. The dependence of the sensor signal, upon the 
working température, at different concentrations of ethanol vapours in the air, is shown in fig. 1. The 
measurings have been fulfilled in the dynamie way. The température variation rate has been chosen 
n a männer the sensor shoukl worb at cpiiilibrium .

'2. 7 he (’ tee:-)ii/f: nf Réaction. Measuring the évolution of the signal vs time at dif­
ferent concentrations of ethanol and ac.tal iehyde, al constant température, the order of n action 
corresponding to the réaction lying at the basis of the response of the sensor can be deterrnined. 
Hence, the conductance variation of the sensor AC,;țs -- Gg ■■■ Ga has been measured, where Gg 
is the conductance alter 3 s from the moment of iutroducing the sensor into the gas and Ga is the 
conductance in the air. The experimental data are presented in Table 1.

3. Г he estimation- of the activation energ v. The study on the évolution of the signal dépend ing 
on the température (in the ,.a” zone of the température window) at a constant gas concentration 
enab’es the calc dation of the activation energr of the détection reaction for varions substar ces of in­
teres'. The sensor signal value after 3 s sine.- ils appearance, at different températures, has been 
rneasnred. The experimental data are shova in Table 2. . ■
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Discussions. Windischinann and Mark 110 
hâve proposed an operating model for a thin 
film SnO2 CO sensor. The model takes into 
considération the following experimental data : 
[i the existence of an optimum température 
range in the function of the sensor, ii ; the 
dependente of the sensor conductance upon the 
square root of the CO concentration in the 
air, fiii i the Arrhenius type température de- 
pendence of the sensor signal.

The experimental results obtained with a 
tluck smtered lilni SnO2 sensor functioning in 
éthanol vapours correspond to a large extent to 
the model mentionod above.

Vig. 1. The température wiiidow ;
the inereasing température rate 15

K/min.

1 lie dependeiK-e of the eonduclance variation upon the eoneentra- ■ 
tion of the volatile mi lis tan ее

Table 1

Substance Concentration (ppm) AG,, X 10 r> (П-îs"»)

C3Ii.( »II 42 1.87
«4 3.01

421.) 8.38
840 11.«

1 260 15.0

c.,!!/) 43 0,57
87 1,72

435 2,48
«70 5,03

1305 5.14

1. 7'é. icniperature n'iiiiioa'. As lig, 1 shows, one can notice the existence 
oï a température range for the liest performance of the sensor. At a too low 
température, the reaction products of the éthanol on the surface of the sen«or 
are not desorbed, thus blocking the surface. At a too high. température, 
the oxygi. n nom the atmosphère as well as the éthanol are not adsorbed on 
the surface so th.at the détection réaction can not occur.

t'sing the data (table 3) corresponding to a température of 530 K from
the ,,b” zone of the température window, it has been calculated the équation
1g AG Gn '(ige) : 1g AG G;i —0.81 g. 0.545 lg c. The slope of the line cal­
culated through the kast squares method is in good agréé to the theoretical
value 0.500 and the corrélation coefficient is 0.974.

2. 77m order of réaction. It can bv deterinined taking into considération the 
chemicaí kinetics. The variation rate of the sensor conductance provid^s infor­
mations about the surface réaction rate. Hence, in the first approximatio i.
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Table 2

The depriidenre of the conduetanee variation npon the température

Substance T(K) AGs» X 10-’ (û-ts-1

C..ILOH 398 0.66
ppm) 425 0,96

453 6,83
485 10.5

CH,OH 440 0.27
(606 ppm) 4h9 0,72

502 2.72
537 9.12
576 10.7

C2H4( > 401 0.63
(434 ppm) 428 1.36

457 2.74
488 5.25

522 9.22

C2H4O2 488 0.28
(428 ppm) 522 0.46

558 2.16
598 7.18

- 617 8.31

Experimental data for sensor calibration (in C.JI.OII)

Table 3

Ethanol concentra­
tion (ppm)

1g c ' 1 m.s Д’> 1 Tur (V) 1g
(la

16.8 \:ti 1.24 -0.23
42 1.62 ï .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 9 92 2.84 0.73

the rate équation of the détection réaction is considérée! to be : — ÀGSs/Af Zv. 
Representing the data from Table 1 in coordinatcs of lg Д6'Я5 = f(lg c), \ve 
obtain the Unes the parameters of which are shown in Table. 4.

The order of réaction vs the substance to be detccted is numerically equal 
to the slope ç>f the line (B). The obtained experimenta] values are sinallcr than 
the theoretical value, equal to 1, which dérives from the reaction mcchanism 
[10J. This disçrepancy results, probably, from the fact that in the process of 
dctecting éthanol and acetaldehyde much more stages appear than in that 
one corresponding to CÖ oxidation considered for the theoretical model proposed 
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and verifică by Windischimann and Mark. It is also necessary to take into 
account the possible différence in the sensor construction.

3. The activation спсгуу. The activation energy used in the process of 
détection has been determined employing the data from table 2 in a repré­
sentation lg - f(l/7'). From the slope of the obtained line, Ra is deter­
mined. .

Table 4

The Parameters of the Unes Ifl G';1s ”/(lg c)

Substance Une paranieters Corrélation coefficient

5.702 0.610 0.999

C.HjO . 5.820 0.545 ' 0.900

The activation energles

Table 5

Substance Activati<>n energy 
(K cal,'mol) Corrélation coefifcient

Ethanol 2.30 0.953
Methanol 2.30 0.983
Acctaldehvde 1.60 0.999
Acetic acid 2.45 0.985

The values of the activation énergies for the studied substances as well 
as the corrélation coefficient are presented in table 5. The activation energy 
lias minimum values for acetaldehyde in conformity with the established faut 
that acctaldehvde appears as the main agent in the réaction of éthanol on 
Sn()2 ; 13 : ■ ’

C.,H,OII------------- > H T C.,H5O
H H- C.,H-,O------------- > C.,H,OH
елцо"------------- > И + H(CH3)CO
H + н + о--------------> H.,о
C.,H-()H--------------> IL,о - C2H4
Н(СН3)СО--------------> v0 + снэсоон
CH3CÔOH------------- > CH., - СО + Н2О

Taking into account that the values of the activation énergies are' rela­
tivele’ small and they hâve been measured in the ,,a” zone from Fig. 1, we 
consider that they correspond rather to the physisorption of the det.’Ctei 
vapours tlian to a chemisorption.
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Conclusions. The experimental rcsults obtaim d with a thick sinternd film 
Sn()2 sensor in the présence of éthanol are, to a great extent, in conformité with 
the theoretical model proposed for CO détection w ith a tliin film SnO., st mor. 
Thus : i a température range in which the sinsor functicns has been Mnd, 
[iithe sensor conductance dépends on the concentration of éthanol in tl'e air 
as in the équation AG = Æc", wherc n ît 0.5, pii the se m cr ; i; î.ai bas an Anhe - 
nius type terni ci attire. This operating model is, probable, ccn.n.Gn regaidmg 
the basic characteiistics to the sen.iconductors cmplcycd in gas sensor coimtiir.c- 
tieiî, ir.diiie icntjy the ecnstivetire tf.ih î.t ir.c the i ati ic cl the ^as.
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MOLECULAR T OP OL O GY. 5. (lj. RECURSIVE REI.ATIONSHIPS FOR
COMPUTING Y-INDICES IN SOME PARTICULAR

GRAPHS

MIHCEA V. НИ КЕЛ*  aiul Ll CIHA BAI.**

Re-1 Íred: Decc/cber 13. 1989

The matrix représentation of graphs, including the niwly propuscd laver 
matrices [lj meánt to characterize molecular branching, is présentée!. On this 
ground' recursive relationships that compute the Y-topological index in ferne par­
ticular graphs were derived. The above mentionod Y-topok gical indices liave 
been tested for their correlating ability on a heten gcuc-ous set of .straight-chain 
chemical compounds.

i

1. Introduction. In niathematical chcmistry; molecular structures are repré­
sentée! by unoriented planar graphs in cvhich vertiecs stand for atoms and edges- 
1er covalent bonds. Thus, a graph G is defined as an ordered pair consisting 
of two sets V and E, G ----- (V, E), \\here V is the finite (and nonempty) set 
of vertices and E represents the set of ordered pairs (u, v) of adjacent vertices, 
or inother words., the set ol‘ edges. A molecular graph will always be a connected 
graph. A multigraph dénotés niokeuks witli multiple covalent bonds. The cova­
lent Londs will bc re-presented by weights showing their convențional bond 
erder: 1 for single, 2 for double, 3 lor triple and 1.5 for aromatic bond, res­
pect ive-ly. The graph theoretical distance d(u, v), is the nuniber of edges in 
the shortest path joining the vertices u e V and v c= V.

Sonie graph constructions (nonnumerical charactcristics) in G can be expres- 
sed as follows 12 :

— vertex ccccntricity
e(u) = maXvsv d(u. v) (lh

— graph radius
r(G) == пип.,»y e(u) == min maxveV d(u, v) ' (2/

— graph diameter
d(G) = maxueTe(u) -= max maxveV d(u, v) (3).-

The last two, constructions are 'max-min' concepts ‘3Ç The degree of a 
vertex u, denoted к (or 8 or deg u) equals the nuniber of edges incident in u.

Two graphs are said isomorphic (Gj v G2) if there is an onc-to-one appli­
cation Vx—> V., that préservés node adjacency. An automorphism is an iso- 
niorphism of G onto itseli.

The set V can include all atoms of an empirical formula or only, the- 
'nonhydrogen' atoms. If the hydrogen atoms are not involved in important steric? 
or electronic interactions, one prefers the 'hydrogen suppressed graphs’.

Universiiy oi Cluj, Fciculty of Chomicul Technology, 3400 Clu^-Napoca, Romania 
” Tt-rriioriGi Computing Center, 3400 Ciuj-Napoca, Romania

— Chemia 1/1990
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Vi K. 1.

2. Viat ri X Reprezentáljon of .Violée n ar (irap hs. ?’ince 1874 S\ Ivește r [4]
has promptod that an organic m< ilecule can be represen te -1 1 )V an adjace псу
matrix, A(G), defined as in (4):

3ii - 0
A(G) ■ aij . 0 ; (! , j) Ф HR (4)

aii 1 : ( , j) e F,(G)
For the graph Gp A(Gt) will be :

0 1 0 0 0 1 1 0 0 0 0
1 0 i 0 0 0 0 0 0 и 0
0 1 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
o o 0 1 0 1 0 0 0 0 0
1 1)
1 0
0 0

(1
0
0

0
0
0

1
0
0

0
0
0

0
0

0
1
0

0
0
1

0
0
1

0
0
0

b Gl 0 0 0 0 0 0 0 1 (1 0 0
0 0 0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 0 0 1 0

То indicate the weight of bonds, ont uses the Connectivity matrix, A'(G') 
ivhcre nonz.ero entries equal the convențional bond order. Figure 2 shows A'(Gt) :

F i g 2.

0 1.5 0 0 0 .5 1 0 1) 0 0
1.5 0 1.5 0- 0 0 0 (J 0 0 0
0 1.5 0 1.5 0 0 0 0 0 0 0
0 0 1.5 0 1.5 0 0 0 0 0 0
0 (1 0 1.5 0 1 5 0 Ü 0 0 0
1.5 0 0 0 1.5 0 0 0 0 0 Ó
1 0 0 0 0 0 0 1 0 0 0
0 0 о' 0 0 0 1 0 1' 1 0
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 9 0 1 0 0 O
0 0 0 0 0 li 0 0 (1 2 0

Another tiseful riiatrix is the distance matrix, 1)(G). It does not specify 
bond wcights but onlv collects the topoiogical distances for each vertex i & 
This matrix can bc obtained by calculating the power matrices dp(p к d(G)) ; 
£L = U. A, (with U — the unity matrix), by using the boolean operators. For 
G2, the power matrices are dcpieted in Fig. 3 (with the newly introduced entries 
enclosed in rings) :

/ Gz

F i g 3.

ïl(G2) =

Ф 1 0 1 0 0 0
1 Ф 1 0 0 0 0
0 1 Ф 1 0 0 0
1 0 1 Ф 1 0 0
0 0 0 1 Ф 1 0
0 0 0 0 1 Ф 1
0 0 0 0 • 0 1 ®
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Thus, the 
oi tlie markéi

1 I ф 1 ф 0 0 i 1 1 1 1 ф 0
1 1 1 ф 0 0 0 i 1 1 1 ф 0 0
ф

1
1 1 1 Т) 0 0 i 1 1 1 1 ф 0

œ 1 1 1 X 0 ». » i 1 1 1 1 1 ф
ф 0 ф 1 1 i ф i ф 1 1 1 1 1
0 0 0 ф 1 i 1 Ф 0 ф 1 1 1 1
0 0 0 0 Ф i 1 0 0 0 ф 1 1 1

Fig. 3. (continue b

1 1 1 1 1 1 Ф ! . 1 1 1 1 1 1 1
1 1 1 1 1 ф 0 1 1 1 1 1 1 ф
1 1 1 1 1 1 ф 1 1 1 1 1 1 1
1 1 1 1 1 1 1 íFiUp ».. 1 1 1 1 1 1 1
1 1 1 1 11 1 1 1 1 1 1 1 1
1 ф 1 1 1 1 1 1 1 1 г 1 1 1

Ф 0 ф 1 1 1 1 1 ф 1 1 1 1 1

D matrix is constructed by introclueing the 
rings, fer cach pcwcr matrix:

distance p instcad.

D(G2) -

1 0 i 2 1 2 3 4 ?
1 0 1 2 3 4 5
2 1 0 1 2 3 4
1 2 1 0 2 3
о 3 2 1 Ü 1 2
3 4 3 2 0 1

Г 4 5 4 3 2 1 о

rs

l.ayer matrices. The laver matrices '2/ are 
aititions of ail vertices Vj e G. Fig. 5 shows

arrays which collect the ordered 
such relative partitions in G2

F matrix. Distance fréquence- matrix, F, counts the number of chains of lcnght 
j in the relative partition of vertex i (row i in D matrix). Its entries, fSj also» 
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mean the ntiniber of vertices in a laver at distance j from the relative partition 
i, in G. Skorobogatov 12 j, called this array the л matrix.

lie..

2 2 1 1 0 j 2 3 1 1
2 1 1 1 1 2 1 1
2
3

2
2

1
1

1
0

0
Í) 1 X(G..,) ”

Í 9
, 3

3
3

1 1
1 0

O 3 1 0 0 1 1 2 3 2 0
2 2 1 0 i i 1 9 2

Л' matrix. Analog to matrix F, one can construit a layer matrix X(G)(also 
called ax in ref. :2<), that connts the arcs connecting layers j and j — 1 in 
the relative partition i. Figure 6 shows the matrices F and X for G2.
B matrix (brauch). The entries bj, of the brauch matrix B (see ref. [1 j) 
represent the suni of the vertex degrces in the laver j of the relative partition 
i in G. B can be built starting front the I)1)G matrix (stv Idg. 7), defined as:

I)I)G(G) - 1)(G) m DG(G) (5)
where 1)(G) is the distance matrix and I)G(G) stands for the diagonal matrix 
of the vertex degrces (see ref. 5 ). In, B, the diagonal entries of 1)I)G will 
become the column j -- 1. The next j layers resuit by suinming the diagonal 
entries of 1)1 )G corresponding to distance j —1 on the i-th row in 1)1) G.

G and d is the graph diameter. In B, T b;i ‘_’<j and Sb,; 2q. where q

2 12 12 3 4 2 5 4 2 1 0 2 3 1 i 0 2 4 2.5 1.5 0.5 0
1 2 12 3 4 5 2 4 3 2 2 1 2 2 1 1 1 2 3 2 1.5 1.5 0.5
2 12 12 3 4- 2 5 4 2 1 0 2 3 1 1 о 2 4 2.5 1.5 0.5 0
1 2 13 12 3 3 6 4 1 0 0 3 3 1 (t 0 3 4.5 2.5 1.5 0 0
2 3 2 12 1 2 2 5 5 2 0 0 2 3 2 d 0 2 4 3.5 1 0 0
3 4 3 2 1 2 1 2 3 3 4 2 0 2 1 2 9 0 9 2 2.5 3 1 (1
4 5 4 3 2 1 1 1 2 9 3 4 2 1 1 1 2 2 1.5 1.5 2.5 3 1

I)1)G îG2) B(G a Pi g. 7 IgG a SiG.J

The matrix B is <1 П* (d + 1) array ; 11 equals the nuniber of verticc s in

i j
stands for the nuniber of edges in G. This matrix was introduccd 1 with 
the aim to cliaracterise the molecular branching.
E matrix (edges). This matrix colleets the nuniber of edges emerging from 
the vertices in layer j of the relative partition i in G (fig. 7). In F, £eH ; - 2q 

i
and E Cjj q, the last relation being general for F but not for X matrices 

j
(see ref. J l ■). Thus, in the case of an elementare cycle, e.g. cyclopentane (fig. 8), 
the two matrices X and H are different. One is to observe that for X stands 
Xxjj / q.
j
5 matrix (sigma). This matrix corresponds to the complete FX(G) matrix, (see 
ref. [2j). Its entries are Sjj 1/2 (bi3 + Cij). This matrix has been constructed 
(see fig. 7 and ref, (lj) with the aim to discriminate pairs of graphs showing 
the same B (but different F). However, Skorobogatov's nonisoiuorphic pair 
shows the same S (fig. 9).
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Eig. 8.

2 2 2 2 1
2 2 2 2 1
2 2 t; =-• 2 2 1
2 2 2 2 1
2 2 1 2 2 1

Fig. 9.

Although the sigma matrix does not solve the isomorphism problem, its 
degeneracy is extremele low and provides a good tool in ordering the struc­
tures rl

The laver — matrices can be represented in a linear from as :

B(G.) 1 il,3(2,5,4,2,1,0) ; 2(2,4,3,2,2,1) ; 4(3,6,4,1,0,0) ;
‘ 5(2,5,5,2,0,0) ; 6(2,3,3,4,2,0); 7(1,2.2,3,4,2) h. (6)

Wlien the vertex numbers arc not neeessary, the canonicul linear form (including 
a multiplicité of a similar rows) will be :

B(G,) - ; (2,4,3,2,2,1) ; (1,2,2,3,4,2) ; 2(2,5,4,2,1.0) ;
(2,3,3,4,2,0)(3,6,4,1,0,0) ; (2,5,5,2,0,0) : (7)

The regressive degrees index. У. Iu the above work we stated that th- 
regressive degree of a vertex i in G, represents its degree weighted by the 
entries bij iu the relative partition i, in a distance decreasing manner. This 
männer can differ from operator to operator. The present work deals onlv with 
the two operators proposed in ref. il somé others being detailed in the next 
paper [6].

Thus, the regressive degrees YR^ and the corresponding local contribu­
tions for multigraph (if nceded) are as l'ollows ;

i ) i

УК*; 1 = £ Ы1 3 :

j

m
VL

i

vE h)ü -i- ir> 

j ‘ •
(8)

YR-; УЗ (v.j )io‘ H YI/<s fi*  E (Vij) 10"i (9)

% here : уц — dénotés the entries iu о ne of the matrices B, E or S, respec. 
tively

fi — the multigraph factor, f; = ■■ — 1), with
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Cjj — the convențional bond order.
The Y indices, constructcd with these operators show the general form

vhere t', t represent. labels for global (operational stage) and local (assignmer 
stage) operators, respectivele

M — stands for the matrix type- (E, B or S)
k' — is a norrnalizing multiplicator (for t = t' = 1 ; k' = 2ncj ; M — B 

k' = nq, M E ; k' - 3nq, AI = S)
Wj —is a weighting factor, charactcrizing the vertices Ъу group c-lec 

tronegativities or fragmentai van der Waals voit ir.es (sec [1 ) ; w, — 
for nonweighted graphs

p — is the exponent (if t' = 1 then p = - — 1 ; t' == 2 then p = 1).

3. Recursive rclationships for computing Y — indices. In the above v.ori 
Г1 we presented sonie rc cursive rclationships for computing the Y — indices 
\\e also introduced the linear iorins for the matrices of some graphs: straight 
chain alkancs, cycloalkanes, stars and complete graphs (the last two of inte 
rest in the graph theory). In the present work we complete the list with soin- 

о tirer récurrences.
Récurrences for straight-chain alkancs. For a straight-chain (i.e. n-alkancs 

the rows c>f. the B-matrix do not hâve a very simple form. Considering the 
symmetry oi tiie straight-ehaing, the rclationships can be written as follous

B(P„-even) = : : 2(1,2. . .2,1) ; 2(2,4. , ,4,3,2_. .2,1,0. . .0) ;
~2kY i —2 2(kd) i-1

i e (2, k - 1)

2(2,4. . .4,3,1,0. . .0) 
i - 2 TwT (11>

i k : i 1

with n ■■= 2k

B(P„ •-edd) = 2(1,2. . .2,1) ; 2(2,-4. . .4. 3, 2. . .2,1, 0...0);
t 2(k^-'i) + 1 ПП

i {2, k}

(2,4. . .4,2, 0. . .0) '
W2 i - 1

i --- k Y 1

with n == 2k 4- 1
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(13)

(P„ -even)
- 4k(2k- 1)ÎE 1

lp i

j 3 • Si 3 : ? £
i : !

j' "ip +

\V3p +

.j (M)

к

к

•’k

3

EY«) (1’,,-even) = E U + 2 E KP -P-j- IO1 ^)wlp + £ £(2
pl j ’ p I i 2

- 3*10 ’-’+2 £ ’ KP -i -r 10‘ 4- £ (2 4 E
j- i- l ■ P=l j o

■+ 1 E 10’"4
j-Ï

2*10  k)wkM (16)

I lespite fcative complexity, such récurrences are useful in the case of weighteâ 
graphs (s< e below). It is obvious that tliey arc not suitable for large values of n, 
Considering suni associativité; Y’1’ and Ÿ(-> сап be written, respectivelv :

Y<”-k'|EEv/j-3l-> k'|EEy.i*r3b ■ (17)i i i i iii i

- EEfkk J -- ЕЕу/up j (18)
i j j )

Thu\ the matrices B, E, S сап be writteu as sums of columns :

E B(l’u) - . 2(ч -- Г : -l(n - j) | 2 : j g {2, n) (19)
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(20)

Çs(P„) = ;;2(n - 1); 3(n - j)

Непсе, the Y-indices can be easier computed if ri is either
n

odd or
-i

BYd! = 211(11 - 1) 2(n

n

i; -1

EY(‘!

SY'1- = 3n(n n-»'
-i

n- I

.i ) 1SY 2< == 2 (n - 1) £ 3(n
j=i .

AH these indices tend towards infinité when n increases.
In the previous paper (1) we âlso introduced récurrences based on 

vious terni :

104 _p l()l-u

evcn

(22)

(23)

(24)

(25)

(26)

the pre-

BY>2'(Pn) = BY'- (IV,) + AB (28)

vhere AB = 2 + 4 V 101 -j+ 2*10*- ”
j -2 (29)

Similarly, for BY'21, one can write:

EY ' (PJ EY (P. -, AE (30)

where AI-, -- 2 V H’ -1- 2 VP"
j 1

(31)

No récurrence is needed for SAr,-2>, as

SY<2>(Pn) == l/2rBYl2)(P„) +EY!2)(Pn)l (32)

Récurrences for cycloalkancs. The recurși ve relations for cycloalkanes dépend 
on the parity of elenicntary cycles. Table 1 shows the récurrences for cyclcalka- 
nes.

In a future paper ■? ', general recursions for MY(2) (that do not depencl on 
cycle parity) will be presented.
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C2k

Table 1

Heeurrenees for cycloalkanes

В I i2k(2, 4 ... 4, 2) | | with к ~ 1 digits 4 В - ; (2k + 1 ) (2, 4 . . . .■ 4) I I with к digits 4

E ‘ ;2k(2, . . . 2)0 with к digits 2 E - I (2k + 1)(2. • ■ -2, 1)1! with к digits 2

BY(1) =-. 2k
к ' ' I

1 + 2^j"’+ (к + 1П
j—

к 4-1
BYd> = (2k + I)(l + 2 22 k3)'1

j --2

к
BYC-) - 4k(l 4- 2 101 _j 4- ltrk)

j —-
к

liV'- i . 2k(2 £ j ■■) 1
j i

k+1
BY(2) = (2k + 1)(1 + 2 22 1O1'J

j~î

EY(D (2k + 1)
к

2£j'a + (k+ ’> 3
. j=i

-1

EY(-
k

4k( 22 H)‘ j)
j=l

к
EYC-) = (2k 4- 1>(2 22 ЮЧ + 10-k)

j=l

AH in;':ices givcn in Table 1 inert ase indefinitely when n (i.e.k) tends towards 
n.ii iinty.

Récurrences for stars, Kl.n' f:i' - - n—1). For stars, the matrices B and E сап
be written cither in linear form, or columnwise (eq. 33 to 36) :

B(l<lu‘) w - . n'( 1, n', n' - 1); (ii', n', 0);| (33)

ȘB(K1X) - H2n'; n'(n' + 1) ; n'(n' - 1) || (34)

E(K1X) = |;'n'(l,n'- 1); (n',0)|| (35)

ȘE(K)â) - JYn', n'(n' - l)|j (36)
i

lien ce, the relations for can be easily derived (eq. 37 to 40) :
/

BYO) -= 2(n' + 1) [2 + 2 3(n' + 1) + 3 '3(n' - 1) Г1 (37)

BYB) n'[2 0.1(n' + 1) + 0.01(n' l) j (38)

EY<‘) = (n' + 1) [2 + 2 ~3(n' - 1) ) -1 (39)

EYC-) = n'[2 +0.1(n' - 1)] . (40)

When n tends towards infinity, BYt-1 increases towards infinity and BY<‘> tends 
towards 12.343

Récurrences for complete graphs, Kn. The complete graphs can be characte- 
rized by the following récurrences (cq. 41 to 46) :

B(Kn) = ||n(n 1); n - 1)3|| (41)
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B(KJ j|n(n - 1);(П ; 'I

BY11’ - 2;i*n(n  --7) 1

BY'-> '■ 2*  *(0.9  O.ln)

F.V 1 24*n(n  + 14) 1

EY*'- ’ ■ : IJ *(1.8  4*  O.ln)

(4.

(■>:

(4

(4

(4s

When n tends towards infinite, BY(!> and EY* b tends towards 8 and 16, rcspe 
tively whereas the other TI's tend towards infinity.

Applications. We hâve tested the eorrelating ability of the BY*-  index wit 
the oetanol-water partition coefficient (leg p) in a lu.tcrogencous sériés cl straigh 
chain compounds including alcohols, ethers, primary and secundare amines (si 
Table 2, and ref. 4 ). The single variable OSl'R’s an- oresented in eu. 47, 4 
49 :

log p = —1.15977 H-0.14554BY*'-'(S)

N - 27 ; S - 0.14519 ; r -= 0.99077 ; ù' - 1335.66 ; T = 36.55 (4'

log p - -1.23580 + 0.20015BY'-1 (HG)

N -= 27 ; S - 0.14711 ; r - 0.99052 ; E • - 1300.34 ; T = 36.06 (41

log p - 1.01311 + 0.68007DSI
N - 27 ; S - 0.16013 ; r 0.98876 : F - 1093.57 ; T - 33.07 (4

In the homogeneous sets of alcohols and primary amines, the corrélation 
improved :

log pilk,)hl)ls - — 1.28604 + 0.20198BY*'->(HG)
N = 9 ; S --- 0.09113 ; r = 0.99803 ; F - 1768.06 ; T - 42.05 (5«

log p;imincs == -1.26297 + 0.21348BY<2> (HG)

N = 7: S-0.10003; r - 0.99675 : F - 765.85 ; T — 27.67 (5

One can observe that a very good corrélation coefficient (r > 0.99) w. 
found both if valence (DS) elcctronegativities [8 j were used to weight the overr 
straight-chain (BY* 2’(S) — eq. 47) or onlv the hetero-group (BY<2’(HG) — e 
48, 50 and 51). Thus, it is obvious that récurrences of type (13 to 16) are useb 
in computing Y-indices on partial vveighted graphs. Table 2 includes for compai 
son DSI (a Randic type Connectivity index based on DS — electronegativiti 
[8], which shows a lower corrélation (r -- 0.98876 ; eq. 49). Table 2 also includ« 
the estimated log p (о/w) according to eq. 47, 48, 50 and 51 respectively.



Corrélation of BYffl and DSI níth log p <o/w)

No Substance BY(2) (S)* BY<2' (HC)* Iliil Obs.**
log p

Calculatei! log p witli
HY<2»(S.) BY,2)(IIG) BYI2I(HG)

1 сн3-оп 3.7136 3.0294 0.593 — 0.66 -0.6193 -0.6295 - -0.6742
2 CH3-CH2-OH 7.1254 5.5323 1.310 -0.32 -0.1227 -0.1285 - 0.1686
3 Cli3-(CH2)3-OH 10.5069 7.9826 2.034 0.34 0.3694 0.3619 0.3263
4 CH3 —(CH2)3 —OH 13.8855 10.4276 2.757 0.88 0.8612 0.8513 0.8201
5 CH3-(CHä), - OH 17.2637 12.8721 3.481 1.40 1.3529 1.3406 1.3138
6. CH3 —(CH2). -OH 20.6420 15.3166 4.205 1.84 1.8445 1.8299 1.8076

■ 7 CH3 -(CH2)6 -OH 24.0202 17.7610 4.928 2.34 2.3362 2.3191 2.3031
8 CH3 (CH3), - OH 27.3984 20.2055 5.652 2.84 2.8279 2.8084 2.7950
9 C1I3 -(CII2)e -OH 30.7766 22.6499 6.376 3.15 3.3196 3.2976 3.2887

10 CH, -O - (CH2)2-CII3 14.0909 10.7595 2.710 1.03 0.8911 0.9177 —
11 CH3 - CH2 - О - CH2 - CH3 14.1065 10.8130- 2.707 1.03 0.8933 0.9284
12 CH3—O—(CH2)2—CH3 17.4693 13.2046 3.434 1.53 1.3828 1.4071 ---
13 CH3—CH2 — О — (CH2)3—CH3 17.4865 13.2634 3.431 1.53 1.3853 1.4189
14 C£I3 - (CH2)2 — О — (С. H2)2—С1-Г3 20.8665 15.7137 4.154 2.03 1.8772 1.9093 -
15 CH3 XH. 3.6179 2.9337 0.608 - 0.57 — 0.6332 — 0.6486 -0.6367
16 CH3-CH3-NH2 7.0201 5.4271 1.327 0.93 0.1380 0.1496 0.1044
17 CH3 —(CII2)2—NH» 10.4007 7.8764 2.050 0.48 0.3540 0.3407 0.4185
18 CH, -(CH,),-NH, 13.7792 10.3213 2.774 0.75 0.8457 0.8300 0.9404
19 C1I3-(CH2)4-NH2 17.1574 12.7658 3.498 1.49 1.3374 1.3193 1.4622
20 CH3-(CH2)3-NH2 20.5356 15.2102 4.221 1.98 1.8291 1.8086 1.9841
21 CH3-(CH,),-XH, 23.9139 17.6547 4.954 2.57 2.3207 2.2978 2.5059
22 CH3—NH—CHS—CII3 10.4382 8.0368 2.041 0.15 0.3594 0.3728
23 CH3- CH2-XH-CH2-CH3 13.8210 10.5274 2.764 0.57 0.8518 0.8713 -
24 CH,-NH -(CH2)3-CII3 17.1953 12.9305 3.488 1.33 1.3429 1.3523 -
25 CII3-(CH3)2-NH- (CH,), -CH3 20.5783 15.4256 4.210 1.67 1.8353 1.8571 -
26 CH3—(С1Г2)2—N11 —(CII2)3 —CH3 23.9566 17.8705 4.934 2.12 2.3270 2.3410
27 CH3— (CII2),-XH - (CH2)3-CII3 27.3348 20.3154 5.658 2.68 2.8186 2.8304 -
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•see text; ** from ref [4j
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^eceived : Tebruary Ю. 1990

New y-type 1 inçlices for characterizing the molecular branching were proposée! 
and their corrélation with somé physieo-chemical properties was tested in the 
set of heptane isomers.
I'rom V 2 - index some information indices were déri ved.

1. Introduction. In the pre-vious papers oi' this séries 1,2 we presented some 
ispccts of the intuitive concept of branching as well as the rcasons why this re- 
mains an unsolved graph-theoretical problem. We also showed how molecular 
□ranching is rei’lected in sonie phvsico-chemical properties such as boiling points, 
molecular van der Waals volumes, formation enthalpi.es, partition coeficients etc. 
of isomeric alkanes (4-trees). In this respect, the reader can consult 3, 4 on the 
»round of new laver matrices B. E and S, we proposed 1 a distance regressive 
jranching index, Y, as in Eq. (1) :

MY<V> = k'[S f(YRi!l))p fYLiin)pj Wi]»' ' (1)
j

vhere:
»I — stands for the type of matrix (B, E, S) :
t'), (t) — are the labels for global (operational stage) and local (assignmmt) 

stage) operators, respectivele ;
- is a normalizing multiplicator, differing for different (t') global operators ; 

fRiW — represents the regressive degree of viitex i, by the (t)-oj crator ; 
ILi(t) — is the local contribution for multigiaph (il tlie case), by the (t)-ope rater ; 
■, p' — are exponents, varving with (t') ;
Vi — is a weighting factor, characü rizing the verticcs by group clcctroncgati- 

vities or fragmentai van der Waals volumes (sce il]; for nonweighted 
graphs, Wi = 1.).

'able 1 details eq. (1) about the above mentioncd ill and the new operators (de- 
ised in the present paper).

enthalpi.es
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2. New operators, (t) and (!') on B-matriees

2.1. Local operators, (t).

With the aint to broaden the use of B-matrices (newly introduced by [1') 
we propose now other three local operators : (t) - = 3, 4 and 5 (see Table 1)

Op erator (t) ----- 3

— regards the degree s of caclr laver, in a rovv of the B matrix as points of complete 
graphs, then counting their edges.

Operator il) - < /

— lises the binary information logarithm.
The distance regressive character of the two above operators is given by the 
factor 101 ’. The y eliminate the externai vertices (with degree 1).

Operator il) ■== 5

— is, copvcrsely, a distance progressive operator.
It enhances the contribution of more distant vertices.
The summation starts front j == 2, bccause the forst cohimn in B refers to the 

zero distant sphere (of degree). vs. the vertex i.
Graph invariants indueed by the operators (t) - 2 to 5 and the derived Y'-1’-' -in­
dices (B is omitted, in the following, front the label BY11") for the identity 4-trees, 
Gj — G5 (see il ), are given in Table 2.

2.2. Global operators, (t').

In the effort to find good topologicul indices (Tl ’s) which adequately express 
the topology of molécules the information indices played an important role [5j. 
Works of Shannon [61, Onicescu [7] or Bonchev (8: in the field are well kiiowrt 
(see also S>11).

i.



Table 2. ii

D
IU
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Grapli invariants for Identity S-trees, Gj —iG.*

G Vertex
t' t 1 2 3 4 5 6 7 8 9 Y(t')

2 2 1.2332 2.4321 3.5310 2.5410 2.3331 1.2233 1.3431 _ — 14,6368

4 3 0.1331 1.6310 4.0300 2.0600 1.3330 0.1133 0.3630 - - 9.6634

1 5 4 0.1175 1.2168 1.8330 1.2522 1.1759 0.1117 0.1801 - 5.8872

6 5 0.1537 0.1988 0.2652 0.2567 0.192 0.1501 0.1882 - 9.8385

2 2 1.2332 2.4322 3.5321 2.5520 2.4431 2.3233 1.2223 1.3432 - 17.0814
2 4 3 0.1331 1.6311 4.0310 2*1010 1.6630 1.3133 0.1113 0.3631 .. 11.3469

5 4 0.1175 1.2169 1.8340 1.2564 1.2216 1.1702 0.1112 0.1802 - 7.1080

6 5 0.1311 0.1621 0.2048 0.2461 0.1954 0.1559 0.1268 0.1564 - 11.0296

2 2 1.2332 2.4322 3.5322 2.5531 2.4541 2.4333 2.4233 1.2222 1.3432 19.5259

3 4 3 0.1331 1.6311 4.0311 2.1030 1.7060 1.6333 1.3113 0.1111 0.3631 13.0231

5 4 0.1175 1.2170 1.8341 1.2570 1.2252 1.2176 1.1697 0.1111 0.1802 8.3294

6 5 0.4139 0.1364- 0.1660 0.1985 0.1954 0.1579 0.1310 0.1099 0.1331 12.0798

2 2 1.2233 2.3332 2.5422 3.5431 2.5531 2.4432 2.3233 1.2223 1.3443 19.5280

4 4 3 0.1133 1.3331 2.0611 4.0630 2.1030 1.6631 1.3133 0.1113 0.3663 13.1275

5 4 0.1118 1.1760 1.2533 1.8387 1.2570 1.2217 1.1702 0.1112 0.1807 8.32)6

6 5 0.1127 0.1346 0.1638 0.2011 0.1984 0.1609 0.1329 0.1114 0.1543 12.3309

2 2 1.2343 2.4432 3.6421 3.6520 2.5531 2.3343 1.2234 1.3542 1.3552 19.7918

5 4 3 0.1363 1.6631 4.5610 4.6010 2.1030 1:3363- 0.1136 0.4061 0.4101 15.330 5

5 4 0.1180 1.2217 1.8645 1.8677 1.2570 1.1765 0.1118 0.1838 0.1841 7.9851

6 5 0.1247 0.1550 0.1991 0.2437 0.1906 0.1496 0.1210 .0.1511 0.1742 13.5310

r
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Mean information content' [6 | caii be expressed, in ternis of Y(2'-operator, 
by a Shannon formula, Eq. (2) :

Y'7> = - log.pi (2)

where the probability p, is .given by :
Pi = YRi Y'2> (3)

Complementary information content [111 is given by a Basak formula, Eq. (4):
Y'8> = log2Y(2) - Y(7) (4)

Total information content [6, 81 based on Y(2) — operator/index, is similar to 
Bonchev’s index ij'

Y<9) = Y(2) log,Y^ - ÇYRi ■ log,YRi (5)

Table 3 lists values of global operators/indices Y<4> — Y(9) for alkanes up to oc 
tanes.

3. Discussions. Erőm 'fable 3 oue can observe that Y<7> — values decrcas 
with increasing graph branehing, whereas Y'X) —values increase with branching 
The graph ordering induced by these new YW-indices is different from that 
induced by Y(2) : Y17) and Y<8> présents two inversions vs Y<2>, Y<4> and Y<5> show 
three inversions, whereas Y((3> and Y(9) are the most different indices. The diffé­
rences in the graph ordering increase with increasing the nuniber of vertices.

In the next paper of this séries [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 —values, computed for octane isomers according 
to Eq. (6), [9] :

v(t) _ Y«
Disp. YW = maI (1) min (6)

\iv
where max, min and av stand for maximal, minimal and average, respectively. 
Dispersion shows high values for Y'4* and Y'li< (79.80 and 61.67 percents, respec­
tively), these indices providing a good disciminating ability.

We tested, on the set of heptane isomers, the ability of ail Y—indices to corre- 
late with some physico-chemical properties : ДНЕ = formation enthalpy, MR = 
= molar refraction, BP = boiling points, AHV=vaporisation enthalpy and AW — 
= van der Waals areas [10]. Table 4 présents the corresponding values in hep­
tane set, the Y(2< —values being included. The corrélation coeficients are tabulated 
in table 5.
It can be observed that molecular branching expressed bÿ Y;t* —indices except 
Y(6) and Y(9) correlates with AHF, BP, AHV and AW in heptanes set (in the range : 
0,8001—0,9296) but no causal corrélation 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 J. ’L’S••u
- hidko.« îor alkri:*i

No. Alkane y'2' Y(O Y15' y (40 y (O Y(s) Yw

1. c2 2.200 0.0000 0.0000 4.0000 1.0000 0.1365 2.2000
0 Ca 4.6200 1.3000 1.3000 5.6952 1,5222 0.6857 7.0326
.3. c.4 7.0620 2.8200 2.5370 6.2952 1.9303 0.8898 13.6318
4. 2 Me...C, 7.2600 4.2300 2.2489 8.9754 1.8586 1.0014 13.4927

C. 9.5062 4.4520 3.76.10 7.6236 2.2567 0.9926 21.4526
6. • 2 —Mc C, 9.7240 6.0010 ,3.48' 5 9.0465 2.1926 1.0890 21.3208
7. 2,2 Me3-C3 10.1200 9.1200 12.9444 2.1181 1.2210 21.4351
8. C. 11.9506 6.1012 4.9934 8.5234 2.5261 1.0529 30.1884
9. 2-Me C. 12.1704 7.7431 4.i)'S »7 10.1328 2.4743 1.1310 30.1132

10. 3 —Me—C 12.1902 7.8970 4.689 / 10.6176 2.4644 1.1433 30.0415
11. 2,3—Me, —C3 12.4080 9.4640 4.3723 12.1186 2.4195 1.2137 30.0212
12. 2,2 -Me3 —C3 12.6060 11.17.30 4.2618 12.3247 2.3981 1.2579 30.2305
13. C. 14.3951 7.7674 6.2161 9.701.5 2.7544 1.0931 39.6499
14. 2 Me C, 1 4.61.59 9.4 183 5.9014 10.80.58 2.7117 1.1577 39.6315

3 Mc -Cr. 14.6368 9.5934 5.8873 11.2218 2.7000 1.1737 39,5194
16. 3-Et C.’ 14.6586 9.9213 5.8752 13.3105 2.6927 1.1810 39.4712
17. 2,4 Me.—C, 14.836« ! 1.1544 5.5862 12.8302 2.6698 1.2212 39.6113
18. 2,3- Me, - C. 14.8764 1 1.4861 5.5747 13.4625 2.6560 1.2389 39,5118
19. 2,2—Me. —C- 15.0.54 1 13.032.3 5. 1759 13.0.539 2.6469 1.2644 39.8480
20. 3,3 MeL-Cj 15.0942 13.63 10 5.4653 14.0963 2.6317 1.2842 39.7234
21. 2,2,3 Mei-C4 15.3120 14.9420 .5.1671 15.7159 2.5993 1.3373 39.8005
oo C 16.8395 9,1325 7.4385 10.6316 2.9476 1.1305 49.6361
23. 2. Me - C. 17.0595 11.0929 7.1233 11.8425 2.9293 1.1632 , 49.9724
24. 3 —Me -C. 17.0815 11.3469 7.1080 ■ 12.2024 2.9075 1.1868 49.6647
25. 4 -Me -C. 17.0835 11.4419 7.1007 12.4975 2.9065 1.1880 49.6532

3 -Et —C.. 17.10.54 11.7093 7.0873 13.7184 2.8984 1.1980 49,578.3
27. 2,5--Me3 —Cr 17.2797 12.7534 6.8082 13.1993 2.8807 1.2303 49.7776
28. 2,4 -Me. -C„ 17.3034 13.0931 6.7902 13.6884 2.8719 1.241 1 49.6936
29. 2,3 —Me» —Cc 17.3232 13.2739 6.7862 13.7842 2.8670 1.2477 49.6656
30. 3,4—Me2—C3 17.3450 13.5306 6.7735 14.2434 2.8592 1.2573 49,5928
31. 3 —Et -2—Me—Cs 17.3470 13.6398 6.7713 16.4134 2.8460 1.2770 49.3696
32. 2 2 Me2 -C, 17.4995 14.7252 6.6900 13.4392 2.8597 1.2696 50.0434
33. 3 3—Mej-Cë 17.5430 15.2457 6.6737 14.3''38 22’4.52 1.2876 49.9133
34. 2 3, 4 -Me,- C5 17.5648 15.2024 6.4707 16.4387 2.8281 1,3063 49.6750
35. 3-Et -3-Me-C, 17.5846 15.6963 (4.6605 17.19I9 2.8319 1.3)43 49.7978
36. 2, 2, 4—Me3—C- 17.7232 18.5559 6.9626 15.9358 . 2.8251 1.3224 50.0698
37. 2, 2, 3—Me3—C. 17.7826 17.0933 6.3639 16.7181 2.8100 1.3424 49.9691
38. 2, 3, ,3—Me3—C. 17.8024 17.2791 6.3612 17.2615 2.7901 1.3639 49.6704
39. 2 2 3, 3, —Mc,—C4 18.2380 20.7780 5.9578 1 $). (S 56 7 2.4699 1.7190 45.0460
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Table 4

Y — indices und physieo-cheniical values in lieptane-Isomers

No Molecule y (5) y (6) y|7) Y(4 Y(») A III'
■O

MR
a)

Ill’
b)

AHV
a)

A\V
c)

1. c, 7.7674 6.2161 9.7015 2.7544 1.0931 39.6499 44.89 34.555 98.4 8.739 334.36
2 2 Me —C„ 9.4186 5.9014 10.8058 2.7117 1.1577 39.6315 46.60 34.595 90.0 ■8.325 322.91

3. 3-Me —C6 9.6634 5.8873 11.2218 2.7000 1.1737 39.5194 45.96 34.464 92.0 8.391 216.67

4. 3 —Et—C5 9.9213 5.8762 13.3105 2.6927 1.1810 39.4712 45.34 34.287 93.5 8.425 303.15

5. 2,2—Mea— c5 13.0323 ■ 5.4759 13.0539 2.6469 1.2645. 39.2715 49.29 34.621 79.2 7.764 306.53

6. 2,3 —Me2 — Cä 11.4861 5.5747 13.4625 2.6560 1.2389 39.5117 46.65 34.328 89.8 8.191 303.11

7. 2,4 —Me2 — 11.1544 5.5862 12.8302 2.6698 1.2212 40.1927 48.30 34.623 80.5 7.872 309.97

8. 3,3—Me3 — C5 13.6340 5.4653 14.0963 2.6317 1.2842 39.7234 48.17 34.336 86.0 7.901 297.20

9. 2,2,3 —Me2 — C4 14.9490 5.1671 15.7139 2.5913 1.3373 39.6779 48.96 34.378 80.9 7.669 292.89

a) [13] ; b) [14] ; c) [10
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Table 5

Corrélation coefficients of Y-indlees with plij’sleoeliemieal properties 
in lieptanes

T.I. AHF MR BP AHV AW

y4 0.87670 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 0.978Ю

Y, 0.83602 0.36018 0.80010 0.91670 0.92960

Y, 0.85480 0.32780 0.81230 0.92640 0.91290

Y» 0.15280 0.23030 0.21860 0.17620 0.17470

Ys 0.88380 0.26420 0.82910 0.93730 0.87480



3(i M. V. DIIIDEA fl a)

Table 5 also illustrâtes the different character of Y|B'which shows converse 
corrélations vs. the other Y^'indices. Notice that in comparison with the other 
Y- indices, this index correlates fairly well uitli the van der Walls areas of mo­
lécules (values given in 10 ).

Cornputer program
The program GRAF 09 perforais the followings :

1) reads the graph in a dicționare form írom a file whicli is created by a 
text editor ;

2) comprîtes and lists the matrices: A, B, C, 1), F, I', and S (adjacency 
brauch, Connectivity, distance, edges, fréquence and sigma, respectively)

3) comprîtes and lists F—based TI’s ;
4) comprîtes and lists B(E,S)-based TI’s,

The interface program-user opérâtes by ineans of appropriate menues. The pro­
gram is written in FORTRAN -- 77 on a PDI’ - 11 compatible System.

('oncluding, we stress that B —matrix represents a real ground for descri- 
bing of molecular topology. Different operators may extract different usei'ul 
information in the lield.

Acknowledgements. Thanks arvadd ressed to ]Dr. I. Moțtx’l (Bristol Myers Co., Wallingford) for 
pteprints and encourangvments.
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MOLECULAR TOPOLOGY. 7 [1 j. NEW METRIC CHARACTERISTICS IN
ALKANES (4 - TREES)

MIHCEA V. DIUDEA», ТЕОПОИЛ CIPĂIAM * nn<l IHIX'A KACSO*

F.cceivcd: Marth 2,

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

1. Introduction. In graph theory, the metric analysis dcals with metric 
characteristics 12 J which mainly dépend on the topological distance between the 
vertices of a graph. Within these. characteristics. two major classes сап be dis- 
tinguished : i) eccentric — and ii) distance characteristics. Skorobogatov and 
Dobrynin [21 tabulated these characteristics in a recent extensive paper. Oue caii 
separate in G sonie vertex sets the function of »values of the graph characteristics, 
callcd graph constructions (nonnumerical characteristics) suchas : center of graph, 
graph peripherv or graph center of gravity *2.1

The center of graph is a set of vertices, ieV(G), for which their eccentricity 
is minimal (and equals the radius of grapha). Vertex eccentricity, e(i), is defined 
as the maximal distance between vertices i and j, belonging to the vertex set 
V(G) of a graph G :

e(i) = rnaxj.j. yp) l(i.j) (1)
Summation over the whole set V(G) gives the eccentricity of graph.

Several approaches wcre proposed for finding the center of graph 3 7 and
estimatiug the graph centricity. Due to the complexitv of problem, especially 
in eyclic Systems, an extension of the graph center concept was nceded. In the 
ioilowing, we present three of them :

i) 11)—31) criteriu form an interative approach based on distance fréquen­
ce matrix, E В . or on vertex distance code (VI)C) as was originally defined by 
Bonchev et al 71. Il) — 31) criteria are as follows :
(11)) — Minimum vertex eccentricity, e(i) = min. This is just the radius of 
the graph, eq. (2), implied in the classical définition of graph center [8].
(2D) — Minimum vertex, distance suni, d(i) - min;
(3D) — Minimum number b, in F matrix (or K in VI)C) of occurence of the 
largest distance,*  L — min.

If fjj = Ikj , i 7^ k, the next largest distance (jm;,x 1) is considered, mux max
and so on. By deleting ail but the central vertices cf. 1D — 31), one obtains a 
Kernel of G. Criteria II) — 3D are iterated over the Kernel until two subséquent 
itérations fail to reduce further the number of central vertices. The resuit is the

'I niv.-rsity oi Chij. Faculty oi Chemical Technology, 34ÓQ Chii-Napoca, Romania 
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graph coiitvr (or a polycviit i). Criteria ID — 31) are applicd hierarchicallv ([71);
ii) t P — 3P Criteriu ar.■ construetcd by analoge to the ID — 3D criteria 

by replacing the distance notion with that of path 9‘. The application of IP — 
— 3P criteria results in an oligocenter ;

iii) IVEC algorithm (Iterative Vertex and Edge Centricity [5 j takes into 
account both metric properties and vertex — edge incidence. Its ground as- 
sumption is : ,,central are those vcrtices that are incident to the most central ver- 
lices”. IVEC is built on VDC and EDC (edge distance code) and is particulare 
useful in polycyclic graph analysis. The application of IVEC results in a diffe­
rent centric ordering of vertices/edges vs. the other appioaches. It finds correct- 
ty vertex and edge orbits of the graph’s automorphism group [5J.

In this parer we present sonie new approaches expresding the graph (mole­
cular) eccentricity ceiitrieity in comparison with other similar charactcristics.

2. Centric criterion and yraph eccentricity. In order to simplify the proce­
dure to determine the center/polycenter of graph, according to 1D — 3D crite­
ria, we proposed (6 ! a power operator ME (matrix eccentricity)

ME. E (ти)'4“

where : ngj - - are the éléments of a topological laver matrix, M ; d;n!ix — is a 
selccted maximal distance for unita’ry description of a set molécules by ME (a 
distance progressive) operator.
In ib we took 2 dmax = d(G) and ME operated on the distance frequency matrix 
F, with its éléments Ej. Next, we normalized the FE (i) valrns by min FE(i), 
thus deriving a CCv,i („centric criterion”) — vector :

CC(i) -- FE(i)/minFE(i) (3)
The central vertices will show CG(i) — 1, whcrcas for the others, the CC(i) 

-• values will exceed unity. This means thatforauy graph CC(G) 1 (the ra­
dius derived by the CC-operator) in agreement with the définition given in [8].

Thus, the meaning of FE(i)—Parameters closes the vertex eccentrity. The 
summation over ail vcrtices in G leads to a global FE(G) invariant:

EE(G).;£FE(i) (4)
i . •

By analogy, the ME operating on the B matrix leads to corrcsponding BE (branch 
eccentricity) — paraméter« :

BE(G) EBE(i) (5)
i

Eccentric charactcristics FE(i) and i-'E(G) in the C12/MiCn set jre given in Ta­
ble 1. It can be seen that tlu- vu v -rt.-x ecc mtricity d.-creuses when it tends 
to the center of graph.
Table 2 colkcts FE and BE ■- values in heptane isomers. Silice thèse va­
lues are large, th.-у can bj scaled (e.g. by a factor of 10_l). Another possibility 
is to use the average values (sec Tables 1 and 2).

MEmG;. . l;v • ME(G) (6)



Tahi,- 1
Metrie eharaeteristie« hi t.12 MfCn*

graph Vertex no. ; FE(i)/FC(i) FE(G) FE (Gl
1 2 3 4 5 6 7 8 9 10 11 12 FC(Gi

C>2 11.0000 10.0353 9.1070 8.2166 7.3653 6.5545 6.5545 7.3653 8.2166 9.1070 10.0353 I 1.0000 104.5574 8.7131
0.0909 0.0996 0.1098 0.1217 0.1358 0.1526 0.1526 0.1358 0.1217 0.1098 0.0996 0.0909 1.4208

2MeC„ 10.0718 9.0565 8.1514 7.2862 6.4623 5.5814 6.5965 7.4912 8.4265 9.4013 10.4142 10.0718 99.1111 8.2.593
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

3McCu 10.1093 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

4MeCu 10.1487 9.1448 8.1514 7.2378 6.4097 5.6241 6.4623 7.4058 8.3382 9.3098 10.3195 8.3300 96.8821 8.0735
0.0985 0.1094 0.1227 0.1382 0.1560 0.1778 0.1547 0.1350 0.1199 0.1074 0.0968 0.1200 1.5366 '

5McCn 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 0.1786 0.1554 0.1358 0.1205 0.1079 0.0973 0.1330 1.5516

6JRC,, 10.2311 9.2245 8.2562 7.2862 6.4097 5.5757 6.4097 7.2862 8.2557 9.2245 10.2311 6.7504 95.1405 7.9284
0.0977 0.1084 0 1211 0.1372 0.1560 0.1793 0.1560 0.1372 0.1211 0.1084 0.0977 0.1481 1.5686

* Hm„x 10
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Table 2
Metrie characterislics In lieptane isnmers

Graph FE(G) FE;1V(G) FC(G) FCC(G) BE(G) BE;,v(G) BC(G) BCC(G) Aw

C- 33.5012 4.7859 1.5284 0.1903 37.1095 5.3014 1.3859 0.2833 ■334.36
2MeC, 29.9413 4.2773 1.7008 . 0.2643 33.1456 4.7351 1.5437 0.3156 322.91
3MeC, 28.9710 4.1387 1.7508 0.2735 31.7991 4.5427 1.6031 0.3277 316.67
2,4Me2C., 25.3980 3.6283 2.0373 0.3182 28.3012 4.0430 1.8329 0.3747 309.97
2,2Me2C. 25.0642 3.5806 2.0589 0.3216 ■ 27.7070 3.9581 1.8648 0.3812 306.53
3EtC, 24.5973 3.5139 2.0974 0.3276 27.2397 3.8914 1.9015 0.3887 303.15
2,3Me.,C, 21.3893 3.4842 2.11 16 0.3298 26.837 ! 3.8339 ' 1.9233 0.3932 303.11
2,3Me2C, 23.2559 3.3223 2.1997 0.3437 25.5030 3.6439 2.0138 0.4117 297.20

З.З.ЗМе.С, 20.4950 2.9279 2.4720 0.3861 22.6622 3.2375 2.2451 0.4590 292.89
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3. Graph eentricity. A characteristic which is inverse to eccentricity should 
express the eentricity of vertex graph. The simple inversion of FE(i)/BE(i) 
provides a measure of vertex eentricity :

MC(i) = (ME(i))-> , (7)
and hence the graph eentricity :

MC(G) - E (MC(i)) = E (ME(i)r1 (8)
i i

MC(G) — values for dodecanes and heptanes arc given in Tables 1 and 2, res­
pectivele. These values can also be scaled (c.g. by a factor of ton).

We assume now that in a complete graph, Kv, ail 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- 
trieity of a vertex/graph can bc expressed vs. the vertex/graph eentricity in the 
complete graph with the sanie number of vertices :

MCC(G) MC(G)/MC(Kv) (9)
The expansion of eq. (9) leads to :

Mcqci -k^ • E|E,:,T'j 1,:1 J ‘ (10)

wherc : is the inverse eentricity of the complete graph, Kv and MCC(G)
stands for „mátrix’ complete eentricity,”. The expansion of k!>1) rcquires the ge­
neral expression of matrix M for the complete graph :

F(Kv) =-- ü v.(v — 1) |j (11)

B(Kv) - H v.(v - l)(v - l)aH (12)

When M = B, the sumination starts from j = 2, so that k,M) will be :

km := l/(v(v - 1)-‘'■-■hxiax) (13)

k(I!> = l/(v(v - 1) (14)
Since the eentricity of Kv is maximal, MCC(G) takes values in the range 0, 1 ]• 
It is obvious that when MCC(G) equals unity, tlicn G Kv. Table 2 includes 
eccentric/centric chiracteristics in heptanes, computcd on the ground of both 
F and B matrices. For coniparison, in Table 3 we present sonie eccentric charac­
teristics according to literaturo [2 , in the sanie set of alkanes :

4. Récurrences for eccentric,centric characteristics in n-alkanes. It is usefuL 
to derive recursive relationships for cccentric/centric characteristics in n-alka­
nes which are path graphs. Такси intő 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 :

t

FE(’i-2k) = 2k — i + E (2'i- '»W —1) ; i «v il, к
i l

(15)
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Table 3

Meirie eharaeterlstles [2] in heptane isomers : eav (fi) = averape vertex eccentrlelly In yrapli ;. Д fi = 
=»eeeentrie of graph ; ДИ* = centralizáljon; m * (fi) — yrapli dispersion

Graph e»vG) AG AG* m*(G)

c 4.7143 0.8980 28 4.0000
2MeC, 4.1429 0.7347 27' 3.2857
3MeC, 4.0000 0.5714 30 2.8571
2,4Me2C6 3.4286 0.6531 26 2.5714
2,2Me2C6 3.8751 0.5102 29 2.4286
2EtC. 3.2857 0.6122 33 2.1429
2,3Me2Cb 3.2857 0.6122 29 2.1429
3,3Me,C- 3.1429 0.4898 32 1.7143
2,2.3MesC« 2.7143 0.4082 28 1.7143

FH(ii>2k ,,) = 2k + 1 - i + £ (2<i - »/Мшзх - 1) ; i e [1, к + 1) J ; 
i-1

FE(P2k) = 2£Î2k - i + È (2(i - 1)
i 11 i-1

к

1) +

» i
r i 1 i 53 (2,j-,)/2d№x - 1)’ ; Î - к + 1 

j i

(16)

(17)

(18)

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

FC(ip2k) = [2k - i +22(2'i l,;'2,1mux - 1) 1 ; i e [1, k]
j 1

FC(ip2k ;,) = 2k + 1 - i + £ (2<i- - 1)
L i i

к Г i

1
; i e [1, к + 1]

-1

(19)

(20)

(21)

к

i 1 I jl J

For FE(G) we are able to give récurrences based on the precedent terni :

FE(14.. t ) - FE(P2k) + 2k -i- A(i - к 4- 1)

FE(P2^2) = FEiP^w ) -r 2k -- A(i = k)

(22)

(23)
(24)
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Silice B matrix is mere complicated, in path graphs tlian F matrix, the corres- 
ponding recursive relationships for cccentric centric cliaracteristics will hâve 
more ternis: one for terminal, second for intermediare-and third for central 
vertex/vertices : . .

9'
. 9

к 1

к i 1
BE(B2k • \

! I
9

2k -
£ 2Ь'?,1тлх'.+ 1

j i 1
2k 1

-'Чн-лх - -j.  *2/^  ; (26)
1 i

I l

2k i

-j- 2^''l’inax .1
j i 1

-1 *1 1

(27)

Г 2k 11
BC(P2k t 1 lniax -f- 3^~(В1ах

j
1 -1

Anax (28)

5. Discussion. Metric characteristics such as cccentric and distance charac- 
teristics of graphs'hâve been foctissed ou nianÿ papcrs as rcviewed in -2, 10 i. 
Within the distance characteristics a major attention is paid to the graph center 
of gravite, graph compactncss and graph ceiitralization 2 . The problem of 
graph center is of particular interest in coding of chemicaí structures 11 anei 
in universal clicir.ical roircnclature '12-. The center sélection iray be of interest 
in pattern récognition 13 . -

The goal of this papi r w as- to fiiul an. expeditive way in coding of verticcs 
and molecular graphs in thc light of their cccentric and centric characteristics. 
This way was clone by thc power operator, MIy (a distance progressive operator) 
of whicli application on the F and B matrices provided good cccentric.centric 
ordering of vertices graphs (Tabk-s 1 and 2).

Thc ordering of molecular graphs induceri by our operator in the set of hepta- 
nes is identical with tliat given by tlie van der Waals areas, as calculated by Motoc 
et al. [14 (Table 2). Linear régression analysis showed good corrélation of eccen- 
tric/centric Parameters with van der Waaîs areas (Aw) : FE — 0.9896; FC = 
~ 0,9714 ; FCC = 0.9751 ; BE 0,9859 ; ВС 0,9781 ; and BCC = 0,9781 
For comparasion, among the indices tested in i 14 ', only 1 coreJates better than 
FE: r - 0.99. An inspection cf tables 2 and 3 reveals the discriniinatorv power 
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of cur inctric characteristics in comparison with the analogous paramcters oi 
liúrature.

Centric parameters FCC/BCC were proposée! with the aiin to give a general 
incrmalized) measure oi graph eentricity. This was inadé with the wiew to oiier 
a reliable scale of graph ordering according to generaized graph center criteria 
.5 . In the next paper >15 ’ the centric parameters will be tested in cyclic graphs, 
ii; comparison with the IVIÎC criteria girau bv Boucher' et al. 5 „

(ionelIldiiig, the metric characteristics newly introduced in this paper oiier 
a good tool for the topological description of moh cules. They arc properly useiul 
in structure-propeity 'activité corrélations.

Ac knowledge ments. We express oar thaijks to <lr. B. l’ârv (Computing Center, Uni-.ersity of Cluj) 
fur liis techuical assistance.
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THIOCYANATO-CHROM (III)-KOMPLEXE IN DER CHEMISCHEN
ANALYSE

50. Mit indirekte Volumetrische und spcktrophotoiru.frische .Methode zur Bestim­
mung von Hidroxiiin

» IO\ *,  und IO\ РОГА*

Eingegangen um /7. Januar /990

Thiocyuiiuto-Chrumliiiii (III) Complexes in the Chemieul Analysis. Part 50. An 
Indireet Volumetrie anil Spektrophotometrie Uelhori for the Determination of 
Ilydroxlzln. Hidroxizin fornts with ati excess of XTI4 (Cr(XCS)4 (aniline),] and 
XH4 [Cr(NCS)4 (tnorpholine), j solution hidro-alcoolic sparingly soluble precipitate. 
After filtration the precipitate was decomposed byNaOH solution 5% and for 
tned Cr(OH):1 was titrated by KJInO,. KHrOj or KI();1 solutions by using ICI 
and extractions with CC14 as an endpoint indicator of titration.

The précipitation of Hidroxizin by XII, [Cr(XCS)4 (aniline),; and dissolving 
of precipitate in acetone enables for spectrophotometric détermination of Hidro- 
xizine, measuring the absorbance of acetone solution of the complex at >. 
— 540 nm. Molar absorbtivity eqnals 687 cm 1 ■ mol1.

Wie wir beobachteten, bildet Hidroxizin in sauren Lösungen mit einigen 
Komplexsalzen, wie KfBilJ, K2|HgIJ, K3tCr(NCS6) j, NHJCr(NCS)4 (NH3)ä] 
und mit Reineckesalzanalogen Verbindungen.

Amin. H fCr(NCS)4(Amin)2, schwer lösliche Salze.
Von diesen können die Thioeyanato-chrom (III)-Koinplexe auch für analy­

tische Zwecke verwendet werden. Die Zusammensetzung der sehr schwer lös­
lichen, in Form rotvioletter, mikrokristalliner Massen ausfallenden Tetrathiocya- 
nato-diamin-chromiate entspricht der allgemeinen Formel: Hidroxizin. H2|Cr 
(NCS)4(Amin)2|2 (vgl. Tab. 1).

Tabelle !
Xeue rhiocyanaloelirom (III) Komplexe des Ilidroxlzine

%Cr als Cr3()3 : %S als BaSO<; HZ Ilidrnxizins.

. N'o. Verbindung Hol.
mässe

Ausl).
(%)

d.Tli Ап al y 
hr.

se
gef.

1 HZ. näiCr(XCS)<(XH.,ia ' 1035,91 92 Cr 
s

h>,u4
24,76

9,92
24,57

2 HZ. H2i.C.r(XCS)4 (Anilin). 3 13.40.19 : 98 Cr 
s

7,76
19,14

7,64
19.06й

3 HZ. H2 [Сг(ХС8)4(Могр11оИп)2 1243.43 97 Cr 
S

8.36
20.63

8,25
20,49

4 HZ. H2r.Cr(XCS)4 l’y2.i2 1284.10 92 Cr
S

8,10
19,97

8,02
19,85

5 HZ. IL [Cr(NCS)4(Benzilamiti}s L 1396,19 95 Cr 
s

7,45
18,37

7,38
18,26

6 HZ. H2[Cr(XCSl4(Imidazol)2 1240,19 89 Cr 
s

8,39
20,68

8,30
20,53

• Lehrstuhl iür anorganische und analytische Chemie der Universität, 1100 Craiova, Rumänien
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Zur Bestimmung wurdeuXH4 [Cr(NCS)4(Anilin)2 j und NH4 [Cr(NCS)4(Morpho- 
lin)2, (Darstellung vgl. [2, 4 :) herangezogen. Die Erfassung des Komplex gebun­
denen Thiocvanats erfolgt durch oxydimetrische Titration (vgl. Tab. 2). Wir 
beschrieben 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 möglich. Der 
molare Extinktionskoeffizient der Komplexverbindungen in Aceton ist г = 687 
ein 1 Mol *.

Tabelle 2
Oxy dhnetrlsrhe Iles l l in in u и g von Hidroxizin

1 ml 0,1 N Oxid itiousmiitvl (KMnO(, К JO., KBrO > :i(|uiv. l,n('26 ing Hidroxizin

Methode* X

Illg

. t4 E t . n l,sc

.Inilin Komplex
Permanganometrisch 10.870 0,00193 0,0761 2,56
Bromatometrisch 10.870 0,96.5 1,564 2,56
Iodatoinetrisch 10,866 0,07.5 0,621 2,56
Mo >-p hol i n-Komplex
Permanganometrisch 10,868 0,0051 0,092 2,56
Bromatometrisch 10,878 0,00524 0,0925 2,56
Iodatoinetrisch 10,861 0.590 1,397 2.56

•n 10 Bestiinmiineen : ,,t' Studcnt-Pагипч-н-г, a 9S% s ,

Tabelle 3

Die Hezultale der Koni|»h‘xoni<4ri>rhi*n Bestimmung des Hidroxizin als
nz.ii.,(:r(\4:s), (Anilin),)

HZ
genommen

mg

Zahl der
Bcstini 
niungen

Mittelwert Mittlere quadratische
X

mg Abweichung
einiger
Bestimmung, S

t t.a b t t n— I, а

16,320 10 16,316 5,44 ■ 1 f) 2 0,0018 0,036 2,26

. I ml 0,01 У1 E.D.T.A. sind 3,971 mg Hidroxizmaquiv..lent

Expi*rhir ‘ntellPr Teil. 1. ()<v Hm Arische Bestimmung als I-Iidruxizin. Ha,Cr(XCS)4 (AoilinjJi 
und Hidroxizin. H2 CriXCSp (M )rph.)liii}2 i.2 227 mg Hidroxizin in 25 — 59 ml H.O werden in. 
einem Becherglas mit verd. CíLtC )C)II ungesäuert und mit überschüssiger Зргог. Reagmsläsnng 
l>is zur Rotfärbang behandelt. Der entstehende Niederschlag wird nach 5 —10 min abfiltriert, roit 
II.,O gewaschen und mit dem Filterpapier in ein Becherglas gebracht. Der Thiocyanat-Komplex, 
wird mit 20 ml 5 proz. NaOH in der Siedehitze zerstört.

Das gebildete Chrom (Ill)-hydroxid wird in HCl gelöst und die Säareko.nzentration auf annihern l 
1,7 n eilig fstelt. Dann werden 5 ml CC14 un i 10 Tropfen JCl-Lösuig [1 j hinzurefügt. Es wird ml 
0,1 ii К Mn )4 olrr KBrO. oder KJO. unter mehrm digeiu Ums rhiittel n bis zur Entfärb n» der 
CCb-SdHeht titriert.
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Zur Bestimmung des Hidroxii ins aus Dragées wird es aus 5—- 1Û feingepulverten Dragées mit 
50— 100 ml CHC13 extrahiert, die Lösung filtriert, auf dem Wasserbade eingedampft und der getrock­
nete Rückstand in 5— 10 ml C2M5OII und 20 — 30 ml 1 n CI1..COUH gelöst. Dann wird wie oben 
beschrieben gefällt und weiter verarbeitet. '

2. Spektrophotometrische Bestimmung als Hidroxizin. ILXr(XCS)4 (Anilin)2L
1— 12 mg Chloridiazcpoxid in etwa 20— 25 ml Probelösung werden wie oben beschrieben mit über­
schüssiger 3 proz. NH4 ’Cr(NCS)4 (Anilin,Y -- Lösung gefällt, der Niederschlag wird auf einer 
Glasfritte G4 abgesaug.t mit II2O ausgewaschen, in Aceton gelöst, die Lösung in einem MeßkolV'cn 
von 15 ml bis zur Marke aufgefüllt und die ICxtinktion der Lösung bei 540 nm geniessen.

3. Koinplexometrische Bestimmung als liidroxizin. IL ,’Cr,XCS.'l (Ani.in). ;2
2— 27 mg Hidroxizin in 20—25 ml Probclosimg werden, wie oben ausgefälit, auf einem Glasfilter
abgesaugt und dann mit Aceton (etwa 60 -80 ml) behandelt und zum Sieden erhitzt. N ach 10— 15 min 
Kochen wird die ganze Chrom (III)-Menge komplexiert. Die überschüssige E.D.T.A.-Menge wird 
mit 0.01 M Zinkaectat in Anwesenheit vrm Eriochroin-T -- Indicator und 10 —20 ml 0,1 M 
NII4C1 — 0,1 M XH.j Pufferlösung zitrücktitriert (vgl. Tab. 3). ‘
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The formation of non Jeeroly tes of cobalt (III) of the type [Co(G1yox. H)4 
(XCX) (amine) ■ was proved by the substitution réaction of [CofGlyox. II)2 
'XC\j2 ' with varions amines in the présence of ammonium aeetate bnffer 
solution. (Glvox.Hj-glyoKiiue : CâFl4X2() •• XCX.-NCS. and XCSe. respectively).

A nuniber of ninc new conipounds were characterized by chemical analysis 
and infrared spectra.

The réaction of glvoxal with hvdroxilamine Hydrochloride leads to the forma­
tion of glyoxime. The neutron diffraction mcasurcments 11 show the anti- 
isomerie modification tő be fonnod in this way. As compared with the 
other alpha.tic dioximes, the glioximc was only a little studied from co-ordination 
chemical point of view. The XlGlyox. H)2 (M Ni, Pd, Pt.) were obtained and 
ils structure determined hv nieans of x-ray measurements [2, 3 .. Țhe Ni(Glyox. 
H)2 w as proposcd f.or détection of nickel 1 and for the spectrophotometric dé­
termination of cobalt (II) in basic media A) /Plie gîyoxime is able to form various 
mixed chelates of the types: :_M(Glyox. H).,XY ” (X Y or X V = Cl,, 
Br, I, NCS, SO3, amine, etc.) n - 3, 2, .. t, 0, — 1. M Co(III), Rh(III)
li(IIl! iß, 7). .
The Rh and Ir chelates are formed only by substitution réactions. The cobalt(III) 
complexes can be obtained by mcans of oxidation of a mixture of cobalt(II) 
salts, glvoxinic and monodentate ligands (e, g. Cl, Br, I, NCS. amine, phos- 
phine, etc.).

Iksults and discussion. We hâve observed that the alkaline salts Na [Со 
(Glyox.II)2 NCS)2 ■ and Na rCo(Glvox.H)2(NCSe)2j .obtained by the oxidation 
of the mixture of cobalt(IT)— aeetate, glyoxime and NaCNS or NaGNSe, res- 
pcctively (molar ratio: 1 : 2 : 3), undergo a substitution reaction with monoden- 
tate neutral ligands.

The monodentate pseudohalogeno ligands can be substitutéd partial!}' wirb 
amines orphosphincs bv tire following substitution к.action in ammonium acé­
tate Buffer solution :
)Co(Glyox.H)2(NCX)21 anine = )Co(Glyox.H)2(amine)(NCX)' -f-NCX"

So me new derivatives with aromatic and heterocyclic amines are characte- 
rized in Table 1.

These substitution reactions were earried ont in boiling aqurous aleoholic 
solutions. The nonelectrolvtes are sparingly soluble in watsr and soluble in ace­
tone,' dimcthylforniamide etc.
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TabU 1
\e« nonelrctrolytes о! the type |€o((ilyox. I1):(N'C\) (amine)]

No.
Mol. 

Formula wt.
calcd.

Asjject
Analysis, ( % )

Calcd l’ound

1. GbG1vox.II )2(XC.S)(p-tolui- ' 398.2 bnwn. thin ncedles C 36.0« 36.00
dint) ! H 3.6« 3.79

N 21.00 21.02
2. [Co(Glyox.H j2(XCSe)(p-tolui- 445.1 brown crops C 32.35 32.25

dine)] H 3.39 3.30
N 18.81 18.77

3. [Co(Glyox.H)a(NCS)(p-anisidine; 1 414.2: short, brown prisms C 34.79 34.73
II 3.64 3.60
N 20.27 20.19

4. [Co(Glyox.II )2(XCSci(p-aiiisi- 461.1 thick. irregulär brown C 31.25 31.19
dîne)i prisms II 3.27 3.18

N 18.21 18.17
5. [Co(G!vox.H)2(XCS)(v-picoline)) 384.1 long, brown needks C 34.38 34.83

II 3.40 3.37
N 21.86 21.80

6. [C о ( G1 y о x. I I )2 ( N C Se j ( • pi col int)’; 431.1 vellow-brown, thin C 30.67 30.59
plates H 3.05 2.93

N 19.48 19.40
7. [Co( G loy x. II )./ N C S ) ( 2- met h y1- 373.2 brown hexagonale prisms C 28.96 28.87

-imidazole) j II 3.24 3.20
N 26.25 26.09

8. ÇC<>(Glyox.U)iiNCSi'i(2-methvI- 420.1 brown irregulär C. 2S.73 25.66
-imidazole) I prisms II 2.86 2.80

N 23.32 23.25
9. ]Co(Gly<>x.H)a(NCSl(ber.z- 427.3 short, irregulär C 33.80 33.73

thiazole) ; browu crvst. H 2.59 2.46
N 19.70 19.62

10. ГС о \ G1 vox. .1I ) a ( N C St ) ( 1 it n z - 4/3.1 brown. irregulär C 30.45 30.30
thiazole), cryst. II 2.39 2.21

N 17.75 17.64

lufrared speclva. IR spectra of some nonelectrolytes hâve been rccorded in kalium 
bromide pcllets in the 400 to 4000 cnr1 wave number range.

The position of the vCJÇ, vcx and bands indicates the co-ordination mode 
oi the pseudohalide groups.
In our cases these frequencies are situated :
KCS— derivatives: 2100- 2115 (vs), 870-800 (s) 470 — 480 (m) ctm1 
NCSe— derivatives: 2100—2120 (vs), 510—600 (s), 430 — 450 (m) cnr1
By the alkaline salts : NaCNS and KCNSe these frcqucncy values appcar at lower 
numbers :
NaCNS: 2060 (vs), 749 (s), 470 (m) : KCNTSe : 2069 (vs), 558 (s), 416 - 424(m) 
ci:;1.
This phenomenon indicates the mentioned ambidentate ligands to be co-ordinated 
to the central cobalt atom through the N-atom (izo-thiocyanato - and izo-se- 
lenocyanato- complexes with Co-NCX- line bondings)

The presence of weak bands: vO — H : 2300 cm-1 and SO —H..O: 
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at 1700 —173p cm-1 is duc to an intramoleeular hydrogen bridge in the Co(Glvox. 
H)2 —grouping with a planar geometric configuration
This hydrogen bridge stabilizes also the trans geometric configuration of the 
[Co(Glyox. H)2(NCX)(amine) 1° type complexes.

Experlmenlal -VaC.V.Se was obtained by melting of a mixtura of XaCX and niatallie sélénium 
(molar ratio) in a sand bath.
Glyoxime was obtained front 30% glyoxale with a stoechiometric amount of liydroxylamine hydro- 
chloride as described earlicr.
Na iCo(Glyox.H)2 (NCX); j - solutions were obtained by air oxidation of a mixture of cobalt 
(II) acetate, glyoxime and NaXCX in dil. alcoholic solution as described earlier.
(CofGlyox.H), (XCX) (amine) ] — ămmolesofXa (Co(Glyox.H)â(XC.X), 1 in 50 ml water were t-reated 
on a water bath with 5 — 6 — mmoles amine in 5—10 ml alcoltol and 2 g ammonium acetate. After 
a warming of about 3—45 minutes the precipitated crystalline product is filtered off and waslted 
with diluted alcohol (1:3).
Analysis: The C, H, N content was determined on the usual microanalytical wav.
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SURFACE MOBILI TY OF SURFACTANT SOLUTIONS
XIV. Ațarangoni Flow through Square Sectioned Horizontal „Surface” Canals
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• / vcrșiiy of Cluj-Niipoca.. Г-ссиГ.у of Cf / •. r !'■ i ça ’ Technology, 3400 Cluj-Nunccci, Romunia
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Experimental results. obtained in a study uf the Marangoni flow through
> ; тате-sectioned horizontal canals, are presented. The flow is déterminée! by sur-

• t.icc tension gradients which are induced by température différences..as well, as 
by surfactant concentration différences. The rates of flow. experimentally évalua-- 
ted, are compared with the values calculated on the b.i.sis of a theoretical mode! 
previously reported H) . A satisfaetory .Agreement is round between the experi- 
numtal values and the on -s fores.-en by theory.

Studu-s on the Marangoni instability and flow of liquids find their use in many 
fields of science and tcchnology (mass transfer processes, motions at the level 
of biosurfaccs etc.), as well as in operations with liquids in microgravity conditions. 
The Marangoni flow and its effects bave been tackled bot h Írom the experimental 
and from flic theoretical aspect, in several variants. We mention studies concer- 
ning :

. a) the behaviour of liquid drops or of gas bu.bbles 15 ;
b) the behaviour of thin liquid strata ;6, 7 '

This transport of the liquid can be generated by surface tension gradients, iuduced 
esp<cially by surfactant concentration différences Í6; or by température diffé­
rences "i .

The surface (Marangoni) flow through canals (surface slits) of triangular sec­
tion under the action of surface tension gradients bas been experimentali}' inves- 
tigated, in the case of gas/liquid interface, using the model of the inclined solid 
plane (S.. In thèse circumstances the Marangoni flow competvs with a bulk flow 
deté rmined b}- gravity forces. The share of the two types of flows can be ел aluated 
by the ageucy of the rates of flow 6, 7 . The flow througlr horizontal canals, when 
onlv the Marangoni flow persists, complétés our previous studies.

The flou through horizontal „surface” canals, acted b}’ gradients brought 
about by unequal concentrations of surfactants, bas been investigated between 
spherical liquid/liquid interfaces (drops) [8 , by making use ol the Plateau appro­
ximation of equidense liquids.

It is to be expected that the obtained results are also válid, in a first appro­
ximation 9,, for the surface flow causcd by température différences. But the 
study of the flow through spherical liquid/liquid interfaces, having as a motive' 
force température différences, is not accessible from the exprimental point of 
view, due to instability of the svsteni. Consequentlv, we hâve turnéd our atten­
tion to the surface flow between two plane iiquid/gas interfaces, and in the pre­
sent work we report the obtained results.
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Theoretically, the flow induccd by surface tension gradients eau be descri­
bed, in the case of horizontal canals having a triangulär, rectangular or square 
section,' by resorting to the complex functions niethod.. In tire case of square sec­
tion«! canals, a first approximation leads to the foliowing équation for tire rate 
of flow, O 10 :

(9-3.90 '. (1)

where cq and h2 are the surface tensions of the two liquids (a2 > eq) ; S represents 
the depth of the canal, II is its length, and a the bulk liquid viscosité : the surface 
viscosity has been neglectcd !_6 .

ExperimenhiL The surface flow through horizontal canals lies been watched by menus of e dv - 
vice sehcmatically represented in Fig. 1. It is composed of two vessvls (1, 2) made of stainless steeb 
an.l thermostàtcd. A steel bar, forming one piece with the 
véssél (I). is engraved with a square-sectioned canal (3 - having 
S -- 0.1 eut and II -- 25 cm. The free end of the bar can be 
fùstene 1 to the vesse! (2) by means of a teflon gasket. 
lével véssél (4) helps adjusting the liquid levjrl in 
high-temperature vei.se! ( 1 ).

The liquid used in our experinients is water, as it- 
qnatelv wcts tire stœl surface. Véssél (2) cc-ntains water 
low température T2 (16 C j, with the surface tension ct2, aiid vc 
sejr(l) aqueous methylene bine ic^ 0.2 g/1), at. liigh températu­
re T1( with the surface tension Tn this way, surface ter.<ion 
gradients are crcated. corresponding to température differenc 
face tension gradient, the liquid in vesse Г ( 1) is ira-: sport cd intő vessél (2). As methylene blue practi- 
caliy does not influence the surface propertics of .h; solution, it can convenientlv be used in the spectre- 
photometric detei-niir.a'ion of the rates of flow. In our Experiments, samples hâve been withdrawn 
froin vessel (2; once in ton minutes, for 66 — 80 min., and their 
t ) calculate the volume of the liquid transporte! by Tiarangoni 
at the wavelength ( Z? of 675 nm where methylene b’ve has an 
absorption maximum. A ' great care has bwn taken 
to aorizontally Ívvel the liquid in the two vcs els and in the 
canal. The watching lias been performed by means of a tele­
obiective throughout the experiment: The losses of liquid due 
to évaporation in vesse! >1 hâve been corrected by means of 
the leve] vesse! (4); und tho.se eau.sed by withdrawal of 1 ml 
acquêts from the entire quantity of 350 ml in vessel (21, by 
a 1 ding back the corresponding liquid quantitics. This rigo­
lons maintenance of the arrangement in the horizontal is an 
т.п).-rative condition, bceause hydrostatic pressure crcated 
by < n unevenness of 1 mm can give risc to the flow oî a vo­
lume of liquid (gravitațional discharge) comparable with that 
one determined by the surface forces.

1.

' 2 ' hP
3 Z

hL_

Outline
tal device.

of the experimen-

to 60 C. Acted bv the sur-

spectrophotometric analyses allowcd 
flow. Measurements hâve been donc'’

KesuKs and Discussion. The time dependen- 
c-; of the liquid volume of Marangoni flow is re- 
1 icsciited in Fig. 2. As can be seen, there is a li­
near variation which pointsto establishment of a 
stcacly flow régime. This conclusion agréés with 
the faut that the surface tension différence is 
kept constant during the flow. Some scattering 
c-f the experimental points can be attributed to

Variation of the fiowcdF i g. 2.
liquid volume as a function of tiirrc for 
difb.rent surface tension gradients.

.. Curve (1) (ct2— i] i — 2.8 mN/m :
Curve (2) (o2—aj-- 5.2 m :

... Curve (3) (a2—ст, b--7.3 mN/in :
-- Curve (4) (r;2— n, - - 11.5 mN/m
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slight temporare disturbance of the liquid surface horizontal alignaient, which 
cannot be completele avoidcd, despite the precautious measures taken.

The flow rates hâve been derived froin the slopes of experimental straight 
linos like those in l'ig. 2, by using the least squares method. The such obtained 
values are given in Table 1, togcther with those calculated according to Eq. (1).

ïaW« I

Coin parison of Ihr <• x pcriinrntal snitl Ihr raleiilnled rates of flow

No

mXini

(> 11)1 -exp
cmts

<4,i •<
cm3 s

Q -■ ./OC ' У - dp)

1 2.8 3.9 4.0 4.7
«> 3.3 3.2 4.8 6.0

3 3.5 3.« 5.1 6.4

4 5.2 6.4 7.5 10.1

5 7.1 10.2 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

1(» 8.5 9.4 12.6

N<.>. 1 8 - surlac tension gradients induced l>V température différences
N< ). 9 - 1П - surface tension gradients inducec1 by différences in surfactant c< >ncen (rations.

Taking into account that the variation of the liquid viscosity likewise the 
canal is not known, the rates of flow hâve been calculated as functions of the vis­
cosity of the cold liquid ;л2, or of the average viscosity u (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 u2). The fact is plausible because when 
the liquid is about to reach vessel (2) its viscosity is that one corresponding to tem­
pérature T2 (T2 < Tj, g2 > pq). One can also suggest that the liquid in the metal­
lic canal has got the viscosity value corresponding to the room température — 
that is a value close to that of the cold liquid (u2).

Considering that surface flow can be accompanied bv thermal convection, 
we tried to assess the contribution of the latter to the overall process. That is 
why we hâve measured the Marangoni flow, generated by surface tension gradients 
induced by surfactant concentration différences, at constant room température 
(17°C). The obtained results and the evahlated flow rates are situated within the 
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F i g. 3. Dependenee of the rate of Marangoni 
flow upon the tension gradients.

— Theoretical curve Eq. (1): -,-------
Experimental values for gradients induced 

by température différences : •
— Experimental values for gradients indu- 

eed bv surfactant concentration différences : о

values determined by température différences (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 wavs. A satisfactorv agreement is found between 
the two sets of results, what allows us to infer that thermal convection does not 
play an important rôle in the overall process under considération. This finding 
also agréés with some data in the literature [9 i. For that reason, we suggest that, 
in the model of Marangoni flow brought about by température différences and 
experimentali)- studied by us in the present work, omission of the energy équation 
is justified.
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THIX LAYER CHROMATOGRAPHY OF SOME DIRECT DYES

SIM1OX (ЮСАХ*.  ЮЛХ PAXEA*,  II.I.AXA AXECIIlTEl*

ro'ccivcd: March 26, Ил-О

This study deals with the chromatographie behavionr of 1'2 industrial direct dyes. 
Precoatcd Silica Gel 60 Merck plates with concentrating zone were used. As ejuent 
we used the folkwing Systems: pyridine/35% amrnonia/isobntanoL (1:1:3 
v/v1. dicxane/35% ammónia'isobutanol i l : 1 : 3, v/v) and quiiioiine/3500 aninio- 
nia/isohutanol (1: 1:3, v'vi. These three eluen't . Systems bchave very much 
alike, so they can be considered isopartitives. It has also been found that most 

of the examined industrial dyes do not liavc a unitary composition. To conclude, 
in the described conditions, thin layer Chromatograph}’ together with photo- 
densitomctric quantitative analysis are valiiabje meaiis to test the qualité of in­
dustrial direct dves.

Introdueiioii. Direct dyes used mOstly to dye. ccllu/csic mateiials must have 
a certain moleculer configuration in order to have sui port aïfinity. This configu­
ration imjdii s molecular extensive coplana. itv, aclm-vcd by a System of 8—9 
conjugated double- bonds which are mcstly ] art of the aromatic Systems. The 
most used modalité to obtain direct dyes is the az.oie coupling of difuncticr.al 
diazonium salts or and coupling components. Vnckr these circumstances many 
réactions take place, which kad to the formation of many compounds so that, 
very oi’ten, the direct dyes résultée! from synthesis are mixtures of isomers or of 
many other compounds. This is the form in which they are used in dying, takiti" 
int.o considération on the one hand their compatibilité and car tbc other, the ex­
treme difficulté of their séparation into pure components [1—3].

The commercial direct dyes usuallv contain varions other components added 
in order to bring them to the standard tinctoiial stnngth and also to achieve the 
désire d shade 4Conseejuently, a lot cf commercial direct dyes are mixtures

-,
This is the reason for which their analysis anei séparation into components 

is ncccssary for a more thorough charactc-rization (inclusive for quality control.) 
For this purpose we have trie cl to use thin layer chromatography. This categore of 
dyes contain» sulfonic or carboxi ic groups whi h assures the solubility in v a'cr 
in iorm of sodium salts. This iact kd us to the idea of using stationary phases 
and cluents suitable for a se] aration mechanism through licptid-liquid distribu­
tion.

The. stationary phase most offen used to scjaiate direct dyes bv thin kv cr 
chrcnjatcgraphy is the silica gel. As a mobile phase phenol/watcr (4 : 1, v/v) 'Y ; 
Chloroform 2-pro] anol water (1:3:1, v/v), and n-butanol/ethyl acetatc/wat^r 
(8: 1:3, v/v) has been used. The cluent formed from piopanol/isobutanoi/ 
cthyl acc-tate,''water (4 : 2 : 1 : 3, v/v) 1'8/ was used to detcct the falsification cf 
reactive dves with worthless direct dves.

‘ Unix -.i,.:-- ai u, fucu/fy ai Chemistry, 3400 Ciuj-Napoca, Йоше.-п/а
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Fluent Systems with an acid diaractcr : n-butanol. acetic acid,water (4:1: 
5, v vi [7 i, and with a basic character': n-butanol/water/ammonia (2:1: 1, 
v/v) ; 9 , buthyl acctate/pyridine/water (6:9: 5, v/v) r8, 10/, n-butanol/ethanol/ 
ammónia'pyridine'watcr (8 : 3 : 4 : 4 : 3, v'v) [11', buthyl acetate/pyridine/ 
quinoline'water (3:3: 1:3, v/v) [12;, ethanol/ammonia with water (1 : 9)/n- 
butanol (9:2:5, v/v) (13' and. 2-propanol/animonia/water (7:1:1, v/v) Í7’, 
for different classes of dyes hâve also been used.

In order to separate direct dyes besides silica gel there were also used cellu­
lose lavers and the following eluent Systems : propanol/ethyl acetate/water (6 : 
1 : 3, v’v) and benzyl alcohol/dimethylformamide/water (4:2: 1, v/v) [7 [. La- 
yers with different types of alumina and a System of etanol/water [14] were also 
used as eluent in different proportions aecording to the alumina type which.was 
being used.

Experimental, We aualyscd 12 industrial dyes in their commercial form (Table T) and other 
thr-.*  dyes: a naphtalinic analogue of direct fast yellow EPR (.Romania), unconditioned direct fast 
yellow EPI, (Romániái aud sirius light yellow GD withont inorgardcs (inorganics were separated by 
bi ínig the dye with diniethylformaniide, filtration and précipitation of the dye froni filtrate with 
ao tone .1 : i,

Experiments wert- carried out oii precoated Silica Gel (SO Merck plates (the thickness of the thin 
layer was (),25 mm) with coiicentrating -zone,

As eluent we used ternary mixtures with the following composition : pvridine/ammonia 35%/ 
isobutaiiol il: 1:3. evi, dioxane/amnionia 35% ’isobiitanol (1 :1:3, v/v) aiu^ quinoline/ammonia 
35%’is-»butanul (1,: 1 : 3, v'c. These Systems were selected aecording to the Hildebrand solubility 
paxameters and are considered as being isopartitive.s J5 .

The de\elopments were made in X-saturated chambers. We applied 3 pd/spot of 0.1% alcoholic 
. s dation írom euch dye.

The photodensitQinctry by rci'emon was rieh- with ERI 35 Carl Zeiss Jena (DDR) i hotodensito- 
meter usiug a 400 nm filter.

_livsnlis and Discussion. The results concerning the chromatographie beha- 
viour of the 15 samples of dyes are given in Table 1. I'roin these results we come 
to the lonclusion that most of fliese dves do not hâve a unitarv composition, bc- 
cause •. xcvpt l'or crysoleniiie and Direct yellow 49, all the dyes examiiied exhi- 
bited more chromatographie spots (Table 1). Sonie of these dves hâve a main 
compowmt, the other compouents being l’ound m.traces (ë.g. : direct yellow 1, 
direct yellow 11, direct yellow 27), while other dves container! manv compouents 
oî abmrt the same concentrations (e.g. direct vellow 44 and direct last yellow 
EPI,). These results are cenfirmed qrantitatively in the case of direct fast ye­
llow EPI, 250% usiug the photodensitometric analysis.

'Dm peak arca was cstablished with a planiineter. The concentration of 
euch component in the sample is calculated by the so-called normalized peak 
area : C -- 100 Af /SAj (%). In certain cases we can assume that the normalized 
peak areas give the concentration directiv. This is generally true for most dyes 
if a relatively small range of ctosely related components is analvzed. In these 
cases, the normalized peak area values are usually taken as weight per cent ofhthe 
individual components in the- sample. The results are given in Fig. 1 and Table 2.



Table I * я
&

liUf values for sonie industrial direct dyes on precoatpd SILICA GEL 60 Merek plates with eoneeutratlng zone

* Traces of tlie <lyc

Xamc of the dyc
Eluent System

Pyridine/35% ammónia/ dioxane/ 35% ammónia/ quin o 1 ine/35 % ammónia/ 
isobutanol (1 : 1 : 3m, v/v)is >> fini ( 1 : 1 :

e
3. v/ у ) isobutanol (1 : 1:3 . v/v)

1. Direct fast yellow EPE unconditioijed 0*.  15, 16, 21«.
3 4 45

27*.  31 , 0*,  3*,  6. 10, 19. 28, 36 ()♦, 7*.  10, 13, 18, 26. 40

2. Crysofenine (CI 24895) 
Direct yellow 12 (Francolor)

46 38 42

3. Brilliant yellow (CI 24890)
Direct-yellow 4 (Romania)

0*.  9, 18» 0*.  3. 8* 0», 4, 10*

4. Direct vcllow 11 
(CI 40000) (Bayer)

(>. 6», 10» o, 8* 0. 3*.  6*

5. Direct vellow 27
(CI 13950) (Ciba-Geigy)

18», 32, 63* - 25, 64*

(S. The analogue with a-naftol of Direct fast 
yellow EPL (Romania)

0. 18, 28» 0, 14*.  22*,  27, 3:1* 0, 10*.  11*,  13*,  15, 20*,
24, 33

7. Direct yellow G Direct yellow 1 
(CI 22250) (Romania)

11», 34 0*,  31 0*,  29. 36*

8. Direct yellow 44 (CI 29)00) (Polandl 26, 29, 33 21. 26, 30 18, 22. 29
9. Sirius light yellow GD without inorganics 16*.  18», 25, 3(:1*.  36* 6*.  14, 21*.  33* 6*.  10*.  15. 30*

10. Sirius light yellow GD 
Direct yellow 110 (Bayer)

15», 19*.  25. 3(-1*,  37* 7*,  14, 21*.  33* 5*.  9*.  16. 30*

11. Direct yellow 134 (CI 29048) (Francolor) 28, 32», 34* 23, 26*,  29* 17, 27*
12. Direct yellow 49 (CI 29035) (Geigy) 24 19 15
13. Direct yellow 50 (CI 29025) (Poland) 8, 25* 0, 12* 0*,  3, 13*
14. Direct light yellow () t'SSR 3, 16*.  44* 0, 10*,  40* 2, 9*,  44*
15. Direct fast yellow EPL 250% (Romania) 0*.  14, 25, 27,

42, 46*
30, 33, 0, 3*.  5*,  10, 20

39, 41*
, 29, 0. 6*.  8*,  13, 18, 26. 40

45*

G
O

CA
N cl al.
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Fig. 1. The photodensitograin of the direct fast yellow EPE 250% 
dre conditioned with NaCl, obtained -at 400 шп. Precoatcd Silica Gel 
6Ô Merck plates with concentrating zone. Double development with 

pyridine/35% ammonia/isobutanol (1:1:3, v/v).

Table 2

The liltf values and the procentual concentration of 
the component*  <>ï the direct fast yellow EPI, 250% 
indiisirial dye eorresponding to the densitograni front 
Fig. 1. P:eeoaled Siiela Gel 00 Mert к plates with eon- 
ecntniting zone. Double derelopnient with pyridine/ 

35% ammonia/isobutanol (1 :1 :3,v/v.)

Number of
peab

ЛЛ',. vi-liK's Concentration
(%)

1 18 9.65
2 24 7.00
3' 32 15.20
4 38 24.75
5 48 36.85
6 51 6.58

The quantitative analysis of the densitograni points out that during the syn- 
tliesis many compounds of different concentrations were formed.

The following structures I —III might appear due to the synthesis of the 
direct fast yellow lyPL 250% dye [15, 16J:

№OjS S03Ha

, I ÍR: -H, C-CH-CH,) II IR -CH-CH-m, cil
0 OH

III iR.-CH2-CH-CH2-0H) IV (R. -CHZ-CH3 t
OH
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Once liaving examined thcse structures and taking into considération the 
adsorptïon énergies for the — O—cther, -Cl and-OH atom groups [17 i «c could 
establish the following polarité growing late ior them : IV < I < II< III, and 
we could also establish the probable peak corcspondence in the densitogram 
(Fig. 1) and (Table 2) : peak 5 for structure I : peak 4 for structure II and pvak 
3 for structure III. The attribution of peak 5 to the dicj oxide is sustained by the 
lact that it is the most similar to crysofenine (IV). If we examine the chromato­
graphie data from Table 1, we realize that the b.R< 46 value for crysofenine is 
comparable with the h R, 42 value of the die]oxide which is more polar than 
crysofenine.

The hRt values in Table 1 point ont that the thm eluent Systems beliave 
in an idcntical way, so they can be considvred isopartitive [181.

'Го conclude, thin layer chromatographv together with photodcnsitonictric 
quantitative analysis are valuable îmans to test the (inalitv of the examined in­
dustrial direct dves in the described conditions.
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NEW HETEROPOLYOXOMET AI,ATE ANIONS WITH HETEROATOMS
IN NON-EQI'I VALENT SITES

II. The Studv of the Réactions oi' Formation (1)

ADRIAN I’ĂTKIȚ*  and ALEXANDRI ВОТАН*

Receii ed: Apnl 12, lil'Jtl

In the studies of the réactions of formation of somé heteropolyoNometamte 
aidons containing hçteroatoms in non-equi\akiit sites, of the tvpcs PZMo2AA',,O.J9 
tlLO)5- and P2ZMoWuOel(H.,O)8 “ (where Z МпИ, Nin, Cuik, with ‘ modï- 
fied Keggiu an 1 modified Dawson structure respectivele, the optimum pH range 
of formation has been determiued by high tension paper elvctrophuresîs.

Introdu'iiim. The hcL-ropolyoxomelalatc allions (HPOM — A) of the types 
PZi\I<,.2Ws)Ofc(H.,O,5 and P2ZMo\V|!iO)îl(H:âO)fi’ , containing hetereatoms in 
non-cquivalent sites, with modifie! Kcggin and modified Dawson structure res­
pectivele-, are l'ormed according to a general réaction :

mZ- -rnLq . (1)

where : 7/-'- Mn2~. Ni2 \ Cu2 ! ; L“ - HPOM-A?~ind - РМо21УвОз9~,
P2MoW16Ok'.

The study of the réactions of formation in solution aimed to establish the 
conditions of HPOM—A synthesis, nainely :

— the optimum pH range of formation ;
— the stoichiometry of the reactions.
This paper is devoted to the détermination 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, spectrophotonietry or elec- 
trophoresis to establish the pH range of formation. We consider that the electro- 
phoretic methods eliminate sonie disadavantages of the photocolorimetric and 
spëctrophotometric methods, when the reagents and the reaction products are 
liable to complex transformations within a restrictcd pH range, and are especially 
recommended for the study of the réactions of formation of the coordination 
compounds in solution.

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

’ hisWute oi Chemistry, 3400 Cluj-Napoca, Romania
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Heyulls and Discussion. Taking intő account that the fornied HI’OM —A 
arc of the type 1 : l(m = n=l), as it is shown by the study of the stoichiometry 
of the reactions of formation, and ignoring the electric charges, Eq. (1) becomes :

(2)

The reactions between the Z transitional cations and the L Hl’OXI —A li­
gands (where Z -- Mn2’, Ni2 , Cu2 : ; L ■=; I’MoAV/)^ , I’2Mo\Vie0^ ) were 
investigated by paper clectrophorcsis.

The sum of the clcctrophorctie niobilities of the ionic species in the System:

(3)

b contes, when the experiments arc performed in HI’OM- A ligand medium: 

where : p - = the sum of the clcctrophorctie niobilities ;
Pi, uZ) p21 --- the electrophoretic niobilities of the ions i, Z, ZL ;
су, i'Zj, [ZL ' — the concentrations of the ions, i, Z, ZL-

The optimum pH range of formation of the studied HI’OM—A of the type 
ZL (where ZL = PZMo2W0O3B(H2O)8~, P2ZMoWieO6i(H2O)»-), can be establi- 
shed by determining the sum of the electrophoretic niobilities for different pH 
values and by plotting the function p f(pH).

The measurenient of the clectromigration of the ionic species allows to de­
termine the sum of the electrophoteric niobilities by using the Kunkel — Tise- 
lius relation [9j :

pd — d^i^-j" (5)

where: pd — the surt^of the experimentally determined electrophoretic mobili- 
ties ; d — the migration of the ionic species ; V — the applied potential diffé­
rence ; 1 — the length of the chromatographie paper ; l'/l = the porosity factor 
of the chromatographie paper.

For the détermination of the real value of the sum of the electrophoretic 
niobilities (p), the adsorption on the chromatographie paper of the fornied 
H'I’OM-A must be also taken into account, aecording to the relation :

P = P, Д (6)
«i

The average R£ values for the formed HPOM — A, determined by ascending 
paper chromât ography, are given in Table L
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Fable I

The average Hf values for HTOM-A (on Karl Schneider Sehull 
chromatographie paper)

HPOM A «f

PMnMo2W9O3,(H2O)s_ 0.90

PNiMo2W9O39(H2Op- 0.94

PCuMo2W9O29(H2O)5~ 0.97

P2MnMoW1(1O,1(II2O)s- 0.94

P2XiMo\VleOel(lI..O4 - 0.95

0.98

The migration of the ionic species and the suni ol the electrophoretie mobi- 
lities as a function of pH, for Z/ZL Systems, are given in Tables 2, 3 and 4.

Fable 2

The migration of the Ionie species antl the sum of the eleetrophoretle mobili- 
lies as a funetion of pff,for the Systems Ma'-; /PJlnJlo.il (lf2O)'’ and

Mn2 ! /PjMnMoM <п."Г

Mn2 + /PM11M<>.,W3O,S (Н.ОГ Mi+I.'i,..MnM<>w,1.c

pH d
(10~2m)

P- 
(10_8m2V"’s .

d
( lie'-ne (10 “8m2V_3s"'1)

1.5 • 4.2 -1.98 - 4.5 2.03

2.0 — 3.4 - 1.60 - 3.5 1.58

2.5 {-4.2 + 1.98 -{ 5.6 + 2.52

3.0 + 6.7 4 3.16 -, 7.2 + 3.24

3.4 + 7.2 + 3.39 4 8.0 + 3.60

4.0 + 7.3 + 3.44 1-8.2 + 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 4 2.57

8.5 - - _ + 4.5 + 2.03

file:///PJlnJlo.il
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The ni i y га t Io n oi Ilie Ionie species and the suin oí Ilie eleetrophorelie iiiobili-
lies as a funetlon of pH, for the svstems 

N+ 1+XIM.iH 10Osl
M l'Mlb h o (H.,o)5 and

Ni2 ’ /PXiMo.jW (T 1.0 )■■'- Xi2 • /P.,XiM<AVu(>„i ÍH+))6 -
p!I <1 .1 U.

(10 -m ) (10 8m-V ■l.s~r) (10 2m) (10

1.5 — 3.7 -1.67 - 3.8 1.69
2.0 - 2.8 - 1.26 3.1 - 1.34
2.5 + 3.2 4-1.44 4-3.5 + 1.56
3.0 — 4.4 .... 1 .ул 3.1 -2.27
3.5 + 4.7 + 2.12 -Î- 7.0 -3.12
4.0 4- 4.5 -î-2.03 + 7.8 + 3.48
4.5 + 4.2 + 1.89 + 7.9 + 3.52
5.0 • 32 -1.44 3.7 -1-3.43
5.5 --- 2.5 - 1.17 — 7 5 -1-3.35
!’. t ) 4.2.0 -1-0.90 4-6.1 + 2.72

й.5 + 3.5 + 1.16

Table 4

Tlie mifirallon of the lőnie species and the síim of the eleetrophoretie inohl-
Jities as a funetlon of pjf, tor the Systems Cu‘4 ; /l,CuMo.W,()(H2O)5- and 

cu-’ /i*.,(:iiMoW'18orl (ii2ojs ' 9

Cu2 ' T’CuMo.,W40;i ,, (H/ir Cu'4T),CuMoWlriO(.1 (II.O)8-
pH <1 il !2

(10~2m) (10~ (10~2m) (10_8)m2V_1s_1)

1.5 -4.4 - 1.92 -- 4.5 1.95
2.0 -3.4 - 1.52 -3.6 -1.56
2.5 + 2.7 + 1.18 + 5.1 + 2.20
3.0 4-4.0 4-1.74 + 6.5 4-2.81
3.5 + 4.1 + 1.80 4-7.2 + 3.11
4.0 + 3.8 4- 1.68 + 7.9' 4-3.41
4.5 + 2.7 4- 1.21 + 7.2 + 3.11
5.0 + 2.3 + 1.00 + 6.8 + 2.94
5.5 + 2.0 + 0.87 + 4.! + 1.77
6.0 + 1.8 + 0.78 + 3.2 + 1.38
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The values d and p, are noted with -f- or — as the ionic specios mo ve either 
towards the anode or the cathode direction.

On the hasis of the values shown in Tables 2, 3 and 4, the variation of the 
sum of the electrophoretic mobilities, as a function of pH, has been plotted (see 
Fig. 1, 2 and 3).

mobilities, as a function of pH, for the Systems :
a) Mn!+/PMnMo2W,,O.„ HW-"
b) Мп2+/РД[пМо\\\6Ой1 (lí2O)8“

c) Xi2+/PNiJIo2V.\03, (H2Op- 
<1 ) N1* P r ,NiM: AV, ,.OB j. ( H, O )s“
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l'i g. 3. The variation of the sum of the electrophoretic 
mobilities. as a function of plï, for the svstems :

e) Си2 iPCiiMo+V (H.OP-
f) (H2O)S’

The simple S shape of the electrophoretic curves points out the formation 
of unit coordination compounds, namelv 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 extrapolation at the ordinate the highest and the lowest values of the 
■electrophoretic mobilities (see Table 5).

Table. 5
The eletrophoreiie mobilities of the Ion Z- > , I’ZMo.W,O3!l (11.0)5- 

iiii.l l\ZMoWIeOel (liptp'

Ion 3
(10“8m2V~1s~1'l

Mn2’ - -2.35
Xi2 + -1.96
Cu2’ - - 2.30

BlnMojWjOjjlIIjO)4 ■ + 3.44
PXiMo2\V,,()..1#(II2O)5’ 4- 2.12
PCuMo2W„O3,(II2Or5- + 1.80

P2MnMoWuOel(H2O)«’ + 3.69
P2XiMoWt6O61(H20)8“ + 3.52
P2CuMoWleOel(iï2O)8’ + 3.41
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The range of formation is correlated with the range of stability. We liave 
considered that the optimum range of formation of a ZL HPOM —A is the pH 
range within which at least 90% out of the Z 2+ cation is coordinated as a secon­
dary heteroatom intő the polyanionic edifice. The sum of the electrophoretic 
mobilities for the extreme value is :

u9(1% = 0.1 t 0.9 u7J, (7)

The optimum range of formation vas determined írom the electrophoretic 
curves, see Fig. 1, 2 and 3, which correspond to a pH range where the condition 
p. > ;аР()о_ is obeyed.

The values țj.90% and the optimum pH range of formation for HPOM—А 
of the types PZMo2W9O39(H2O)ä~ and P2ZMoW16O61(H2O)8“ respectively, are 
presented in Table 6.

Table в

The optimum рИ range «f formation for the Hl'OM-A I‘ZMo2W9O!4(II.,Op- and 
l' ZMnH .u,. (Il O) ’

Ш’ОМ-Л (lO-WV/Ps-i) pH range

PMnMoäW9O39(H3O)5- 2.86 2.8 — 5.0
PNiMo2W9O29(H2O)5~ 1.71 2.8-4.7
PCuMo2W9O39(II,O)5~ 1.36 2.7-4,3

, P2MnMoWleOel(II2O)s- 3.09 2.8 —5.6
P2NiMoWleO91(H,O)s- 2.97 3.3-5.7
P2CuMoW19O91(H2O)8- 2.84 3.0-5.1

5 — Chcmia 1/1990

If experiments are performed at different concentration of L HPOM—A 
ligand, by plotting the dependence of the electrophoretic mobilities 011 this con­
centration, the détermination of the values of the stability and instability cons­
tants of the new formed ZL HPOM —A may be possible, as a rule, 011 the basis 
of certain theoretical approximations and graphical ‘extrapolations [1—6, 8].

We consider the theoretical approximations of the electrophoretic method 
referring to the détermination of the respective constants to be too large, parti- 
cularlv for HPOM—A ; also the minimum différences of the experimental values, 
placed within the limits of errors, owing to the précision of the method, exert 
too great an influence 011 the final results. That is why, the error of the electro­
phoretic method for the détermination of the stability and instability constants 
exceeds one order- of magnitude.

Owing to the above, we consider the ,,in extenso” présentation of the results 
obtained by applying the electrophoretic method for the détermination of the 
respective constants to be inconclusive. Let us just mention that the values of 
the stability and instability constants of the HPOM —A PZMo,W9O39(H,O)5- 
and P2ZMoWieOei(H2O)8~, determined by electrophoresis in aqueous solution
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at pH ; 4, arc included in the range 3 HP —■ 1()5 and К - - — 10—fi
respectivele.

Experimental. An instalation for high tension pajxr electrophoresis „IT,iw ph-Original 
Frankfurt Typ 64” (Vetter KG—Wiesloch. GPR) was used. The pH of the soluții • - -..is mcasured 
using a pli nieter ,,MV-84” (Clahmann & Grahuert Dresden, GDR).

The experimente were performeri in a medium of IIPOM—A ligand I, «- Pà V,O, ami 
P„Mo\\respectivele, of concentrații,n 10 2 M, in-the range of pH = 1,5- e.:

The solution containing the transitional cation Z — Mn2 + , Ni2 ' or Cu2+v. as Mied <.i: the 
chromatographie paper using a micropipette.

As reagents were used :

К, ;PMo2W,O3e ■ 13П2О aud К,, T'.MoAVlsOsl ■ 19II..O for the préparation . ' tue I, II РОМ — 
Л ligand solutions;

MuCl2 ■ 4H2O, XiC.l2 ■ (SLI.iO and €иС1г ■ 2НгО for the préparation of tlu 'i transits«niai ca­
tion solutions.

The pH of the solutions was adjusteii with lfr1 M HCl and 10~l M NaOH. The ionic strcugth 
was kept constant by adding 1IW1 M КС1О4.

A ,,Karl Schneider Schull” (Merck, GFltj chromatographie paper (40 x 4 cm! w;:-- used with a 
porosité paper of l'/'l - 1.69.

The electrophoresis was perfonned in t lu- following conditions: potentii'l différence V -- 1500 V 
inteirsity I = 2.5 • 10~2 A, time t ISOii s and température T — 5“C.

The movement of the ionic species l>y eiectroinigration was observed by watching the specific 
colour. naniely by developing with a dilutid solution of K ( T'ejCX y '. A glucose solution, electrically 
neutral, was ileposited next to the solution containing the transitional cation. The niovement of the 
ions was related to the glucose position, winch may be regarded as a starting point.

The Rf values cl the fotmed Hl’Clf- A wtre dct<rtniin<1 by ascending paper Chromatograph}-.

Conclusion. In the study of tlu- n actions of formations of HPOM— A contai­
ning heteroatoms in non-cquivalcnt sites, of the types PZMo2'\Yi|O39(II2O)5‘’ and 
P2ZMoW19O61(H2O)8' (where Z Mn”, Ni11, Cu”), the optimum pH range 
of formation has been detennined bv high tension paper electrophoresis.

The results obtained by intvrprcting the electrophoretic curves can be ré­
sem ed in the loliowing two points:

1) HPOM-A of the type P2ZMo\VJ(,O01(H2O)8", with . modified Dawson 
structure, are more casiîy foi nu d and are niore stable than HP.OM —Л of the 
type PZMo2W9O39(H2O)5“, with modifie d Kcggin structure;

2) The influence of the Z2 r transitional cation on the formation and the 
stabilite of HPOM A, within the taine stries, can be expressed as:

Mil- Xi- . ■ Cu-’

the stabilité inercase
the formation capacity inercase

The above mentionod points bave the following conséquences :
a) The most casiiy HPOM A to prepare, as well as the most stable is 

P2MnMoWwOei(H20)’:;
b) The most difficult HPOM —A to prepare, as well as the less stable 

is PCuMo2W9O39(H2O)5-.
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NEW IIIÍTKROPÓLYOXOMETALATK AXIONS WITH HETEK- ATOMS 
IX XOX-EQI'IVA1,ENT SITES

III. The Study of the Réactions of Formation (2)

ADRIAN PÂTRl Ț*  und ALEXANDRI ROTAR*

Recc^-^íl: Apui 12,

Continuing the study of sonie heteropolyoxouietalate allions, containing 
hctcroatoms in non-equivalent sites, of the types PZMo2W9O39 (H2O)S~ anei 
1>2ZMoW16O61(I!,<))»- (where Z JlnIr, Ni", Cu’1), with modifie«! Keggiri and 
modifie«! Dawson structure respectivele, the stoichiometry of the réactions of 
formation in solution was determine«! ljy using the molar ratio variation method.

' The results obtaiiu <1 by spectrophotoinetry and conductometrv show that the r« - 
act ion product.s inay be considere«] as 1:1 coordination compoundsof the tran­
sit ional cations Mn2*,Xi 2+ an«l Cu2+ with the unsaturated heteropolyoxonrelalati 
allions PMo2W„< » .,/ ■ and I';Mo\Vlt.Oel 1,1 ~ as ligands.

Ii íroduHioii. The l < teropolyoxomcta’ate aniens (HPOM—A) containing 
heteroatoms in r.on-«,«[vivalent sites, of the tvpis PZMo2W9 O39 (H2O)5 * and 
PjZMoWu OB1(H2( ))s , with medil’icd Kcggin and modified Dawson structure 
resp« ttivi ly, are unind according to a ta lierai réaction:

rnZ- r,l;.-- - /„J.;.”4' ”’z'~, . (1)

where: Zzr =■« Mn-', XW, Cu- : I/. - IIP<)M--A|lig!1I111 - PMo2W.,<).J97
I’2MO\V jfj( )(;P'’ .

Continuing the study of the re actions of formation in solution (1), the stoi- 
chionatry of the processes was investigat« (i io establish the coefficients ni and 
n of the reagents. With this aim in vkw, tiu molar ratio variation method was 
applkd to the spectrophotoinctric and ecnductoinctrie study q of the reactions 
of formation. We note that, although spictrophotomctry and photocoloriinetry 
are often used for the détermination of the stoichiomctry of the réactions of for­
mation ol HPOM-A with hctcroatoms in non-equivalent sites [1—9 , conduc- 
tometry is less preferred, in spițe of its simplicité and several advantages ;ö .

Results and Discussion. l’y adding relations containing hydrated cation 
/2,', to diluted colourless aqueous solutios of L HPOM—A ligand, the occurence 
of <; relatively intense colouration is observed, owing to the rapid formation of 
ZmI,n HPOM —A containing heteroatoms in non-equivalent sites. This fact allows 
the study of the respective réactions of formation by photocolorimetry or, for 
bettcr accuracy, by spectrophotoinetry.

Reagent solutions with different molar ratio \\eie mixed and the extinction 
was measured at determined wavelengths. The ehosen wavelcngths and the va­
lues ci the molar extinction cocllicicnts are sliown in Table 1.

' însetate oi Cheinisir\, 3-luO Cluj-Xapoca, Romania
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Experimental waveieițgths and molar extinction coefficients In the speetrophotonietric sind y of the 
reaetlon oi formation of ИРОМ-Л of the types I,ZMo2Wa01!|(H2(l)> and I>2ZMoWleO61 (H2Op 

(where Z Мп11. XIй. Cil11)

Table 1

Reaction of formation
»1Z nL ZmI.n

Wavelength
X(nm)

Molar extinction 
coefficient

di . mol'1
Z7

cm“3)

Mn2 ’
aq PMo2W,O’8~ PMnM(>2W,,O.19(H2O)'*- 420 165 ->0 _>o

460 60 -»0 -m

М1Г ' aq 1- P2MoW„Oi"- P3MiiMo\Vlt.061(II,0)e 460 120 —►0 ->0
500 75 -►0 -»0

+ l’Mo2W9O’” PNiMojW9O.!9(II2Oy,_ 775 10 1.2 —0

Ni2’1"
aq n P2MoW1„O;iJ- PaNiMoW1(i061(H30)» ■ 700 13 2

Cu2 r 
aq W PMo3W9O’~ PCnMo2\V9O,9(H2O)b- 800 50 9 —>0

Cir­aci + p2MoWI6o;«- p2cnM<>w,et)el(ii2())»- 870 55 9 —0

For the reactions of formation of the ZmLu HPOM—A with Z — Ni11 or 
Cu11 as a secondary heteroatom, the déterminations were performed at the 
absorption maximum of the corresponding-d-d electronic transition bands, where 
the absprption of the L HPOM —A ligand tends towards zero, whilc that of the 
Ni” or Cu11 transitional cation, with absorption maxima at lower wavclenghts, 
is rcduced.

In the particular case of the reactions of formation of the ZmLn HPOM— A 
containing Z — Mn11 as a secondary' heteroatom, without d-d bands in the spcc- 
triim, the déterminations were performed on the charge-transfer band, prolonged 
into the visible range, due to the participation of the secondary heteroatom Mn11 
in the charge transfer within the anion. In the choscn range, the absorption of 
the I. HPOM—A ligand and that of the Mn11 cation is actually zero.

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

The spectrophotometric curves consist of two segments, with the intersec­
tion corresponding to a molar ratio of the rcagcnts m : n = 1 : 1.

In the case of the reaction of formation of the ZmLn HPOM—A with Z = 
— Mn11 (see Fig. 1) the extinction increascs only to the équivalence 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 obvions condition that the absorption of the reaction 
product differ considérable from the reagent absorption one.

In the case of the réaction of formatoin of the» ZmLn HPOM —A with Z ~ 
~ Nin or Cu11 (see Fig. 2 and 3) the extinction increases up to the équivalence
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Fig. 1. The variation of the extinction of the solu­
tions obtained bv inixing the aqneous solutions of 
MnCl, ■ 411,0 and K. ( PMo2\\\O.,„ • 1311,0, respec­
tivei}- MnCl, ■ 411,0 'and KnfP.ÜoWj.O.L ■ 1911,0, 
as a function of the molar ratio (the concentration 
of the reagents c - 10'-M ; plI 4; thickness of 

the absorbing laver d 5 ■ lu 3 ni).
al №r' PMo2W,O?t~ 

i» лиг; о- i>2m<>\v16o»’-

poirit, proportional to the concentration of the reaction product and inercase 
more slowly after the équivalence, owing to the absorption of the Niaq" or Cirtf 
cations at the chosen wavelcngths.

The high rate and the linear inercase of the extinction, proportional with 
the’molar ratio up to tlic équivalence point, demonstrate that the studied reac 
lions lead to the formation of 1 : 1 coordination compounds, of the type ZI, 

F i g. 2. The variation of the extinction of 
the solutions obtained by inixing the aqueous 
solutions of XiCl» ■ 6H2O and K7 [I’JlosW,O., , ■ 
- 13H,O. respectivei}' X’iCÍ, • (Ш2О ' ' "and 
К,цfP2Mo\\ l6Oel j ■ 19Н,О, as a function of 
the molar ratio (the concentration of the rea­
gents e - 10 2 M; pH 4; thickness of the 

absorbing laver d == 5 ■ 1()~3 m).

r)

<1) Ni;(i + P:MoWuO‘;-

F i g. 3. The variation of the extinction of 
the solutions obtained by inixing the aqueous 
solutions ofCuCl, • 211,0 and K, [PMo2W,03,] ■ 
• 1311,0. respectively CuCl» ■ 2H2O and 
Klo P,Mo\VJ(1O61 ■ 1911,0, as a function of 
the niolar ratio tthe concentration of the rea­
gents c 10 2 M ; pH ----- 4; thickness of the 

absorbing laver d - 5 • 10' 3 m).

e) Ctm + PMo.2Ws0379-

f) dr4 4- P,MoWuO>®-
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reprcsenting HI’OM- A containing heteroatoms in non-equivalent sites. Tlie 
good observance of the Lambert-Beer law near the équivalence point suggests 
relatively high values for the equilibrium constants.

I'urther on, conductoinetry was used to establish the stoichiometry of the 
réactions of formation, following the same molar ratio variation method. Solu­
tions of reagents, with different molar ratios, were mixed and the conductance 
was measured. The conductance variation, as a function of the molar ratio, was 
plotted (see b'ig. 4, 5 and 6).

Fig. 4. The variation of the conductance of 
the solutions obtained bv mixing the aqueous 
solutions ofMnCl, • 4H2O and K, [PMo3W90.)9] ■ 

■ 13.II2O, respectivelv MnCl, ■ 4II.,O and 
K,„ fP2MoW1606l ■ 19IT2O. as a function of 
the molar ratio (the concentration of the rea­

gents c 10~*  M; pli = 4).
a) ; 4- PMo2W9()'9- 

bpn-r; v imavy.;.

Fig. 5. The variation of the conductance of 
the solutions obtained by mixing the aqueous 
solutions of NiCl» ■ 6H2O and K, [PMo.AV,O39] ■ 
• 13H2O; respectively NiCL ■ 6H.,O and 
KtolPsMoWjjOgj] ■ 19H2O, as a function of 
the molar ratio (the concentration of the rea­

gents c ™ 10~2 M; pli = 4).
c) Xr 4- PMo2Wso2 +

d) Xi^ 4- PsMoWMO’«-

F i g. G. The variation of the conductance of the 
solutions obtained by mixing the aqueous solutions 
of CuCl2 • 2HSO and K. [PMo2W9O.,3] • 13H8O, res­
pectively CuCl3 • 2H2O and Klo [P3MoWleO61j •

• 1911,0, as a function of the molar ratio (the con­
centration of the reagents c = 10* 2 M; r>H 4i

e) Cu2+ 4- РЛоВД-

f) Cu2+ 4- P2MoW19O’»-
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The conductometric etirves consist of two segments, with the intersection 
corresponding to a molar ratio of the rcagents m : n - - 1:1.

In order to explain the aspect of the conductoinctric curves, with a slower 
incrcase of the conductance after the équivalence, the reaction between the Mti’q 
cation and the PMo2\V8OJ9 HPOM—A ligand has been choscn as an example :

MnCl, • 4H..O T К-1 PMo2W9O39 : ■ 13H.,O-> 
............................. ’ (2)

-*  K,rPMnMo.,W9O39(H,0)l • 14H..O + 2КС1 + 2H2O.

Taking into account the ionic species in the aqueous solutions, the process 
inav be written as follows :

»
7K ‘ + PMo2W9OJ9

+ Mn(HâO)je + 2СГ

— 5H.O (3)
—>7K + + PMnMo2W9O39(H2O)s - +.2СГ

The initial solution of HPOM—A ligand eontains K+ and РМо2\У9Оз7, 
ions. As the solution of MnCl2 • 4H2() is added, the PMnMo2W9O38 (H2O)5~ HPOM 
—A with lieteroatoms in non-equivalent sites appears to be formed, witli an 
équivalent ionic conductibilité slightly lower as conipared to that of the HPOM —A 
ligand. The conductance incrcase up to the équivalence is due to the occurence 
in the System of the Cl ’ ions, with high cou luetibility.

After the équivalence, the low soluble manganèse sait of the resulting HPOM— 
- A is formed, by furt+icr adding of MnCl2 • 4H2O solution :

10K- + 2PMnMo.»\V9O39(H,O)â~ —
SILO (4)

—> Mn5 [PMnMo2\V9O39(H2O) :2 + 10K y WC1-

The conductance incrcase after the équivalence, owing to the sa.ne Cl "ions, 
is slower due to the formation of the lbw soluble sait Mn5 ; PMnMo2Mr8O39(H2O) ]2.

Experimental. The extinction of the solutions was measured using a ,,VSU —2P” (Cari Zeiss 
Jena, G1)R) spectrophotometer. The conductance of the solutions was measured using an 
,O.L<—102" (Radelkis, Hungary) eonductometer.

Different volumes of solutions containing transition a'. cations Z Mu2’, Xi2\ Cu2 ", were added 
to solutions of IIPOM —A ligand L - PMoAV'yO7.y, P2Mo\\'l(<O).J . with the same concentration, 
to obtain different molar ratios.

As reagents were used :
.. K7 iPMj-W^O.j^y ■ 13H,O and 1<Г1 A,2MoVVi(.Oi.1 i ■ PHLO. for the préparation of the 

10“2M IIPOM -A .ligand solutions ;
MnClà ■ 4H2O, NiCL ■ 6II2O and CuCL ■ 2IT2O, for the préparation of the 10“2M transitionțl 

cation solutions.
The pH of the reagent solutions was aujusted to 4. intő the optimum pH range of formation, 

with lu lM HCl and 10 ^M XaOII solutions.
The ionic strength was kopt constant by ad ling a 10 1 M KCK), solution.
lu fie e is of the spec-ropliotonietru- s--udy, the extinction of the solutions résulte dfrom mixing 

the reagents w.n measured. for different molar ratios, at determined wavclenghts, as well as the ex­
tinction of the r.'agent solutions. If by mixing the reagent solutions, a precipitate is formed, in excess 
of transitional cation, the filtrate extinction should be measured.

lu the cas? of the conductometric study, the conductance of the solutions resulted from mixing 
the rcagents was measured, for different molar ratios, as well as the conductance of the HPOM A 
ligand solutions.
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Conclusion. The stoichiomery of the reactions of formation in solution of 
HPOM —A containing heteroatoms in non-equivalent sites, of the types 
PZMo2WBO3e(H2O)5~" and P2ZMoWjeOB1(H2O)8 ’ respectivele (where Z = Mn11, 
XiH,Cun) was determined.

The results of the spectrophotometric and conductometric studies demons­
trate a molar ratio of the reagents equal to 1. As such, the obtained HPOM —A 
may be considcrcd 1 : 1 coordination compound of the Mn2 , Xi2 ' and Cu2 + 
transitional cations, with the РМо2М’9(^з« and TJ2MoW16(i)^H HPOM — A as 
lieands.
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SURFACE EQUATIONS OF STATE FOR OLEIC ACID MONOLAYERS 
ON ACIDIC AQUEOUS SOLUTIONS

JÁNOS ZSAKÓ*.  МАША TOMOAÍACOTISEE*.  WttOHA MiHAVP nud EMIL CHIFU*

Compression isotherms (surface pressure (-i vs. molecular area (A) curves) 
of monolayers of oleic acid are studied. The compressibilitv factor, 7 - -А/kT 
shows large déviations from the perfect gas behavioiir. Different state équations 
arc tested ou oleic acid monolayers at ~ 4 7 mX/m. A nvw state équation 
proposed by the authors is found to be better than the formerlv used unes 
predieting also the gas liquid phase transition in good Agreement with liter attire 
data. B y menus of. this new équation, interaction parameters are derived front 
the compression isotherms of the studied substance.

Introduction. Many attempts hâve been made to give a matheniatic descrip­
tion of the compression isotherms, i.e. of the surface pressure (~) vs. niean 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 équations (SE) :

Perfect gas SE [1]:
(b

where к is Boltzmann’s constant, and T is absolute température ; 
SE-s in which A is corrected for a co-area A() 2 i :

in w

or

Virial type SE-s arc-

~(A - - AB) ■ kT (2}
’hich ~ is corrected for an internai rurface pressure :

f kT (3)
)oth corrections, are applicd simultan«.ously ;3 :

A Í.~«)(A .... AJ ,kT. J)
The two dimensional van der Waa1s cquation i4 A

(k -f. a AJ (A . AJ = yl-T (5)
SE .derived en the basis ef .wakd paifiele tlncrv j5 ■ :

(n + a/A-)A(l — A'JA J . kT (6)
SE for cohering uneharged films 6 :

(тг + a/WJ (A - AJ : kT (J

* Univí-r^ify oi CIuj-Ncipoca, ['aeulty ai Chemislr} , Ж'
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By takíng into account the equality of the elieniical potential of the sók ént 
molécules in both the bulk sudqhase and in the monolayer phase , for perfect sys- 
ter s, the following SE has been derived [9] :

kT

-'i
lnX] (8)

where Aj and xx stand for the c'ross-section area and for the molar fraction ol 
the solvent molécules in the monolayer, respectively.

Using the duplex film model |3the following SE has been obtained [10 J - 

where 312 and x2 stand for the interaction paraméter between the polar head 
group of the surfactant and water molécules, and for the molar fraction of the 
head groups in the monolayer, respectivele-, while ~0 is considérée! to be the 
spreading coe fficient of the oily layer consisting of hydrocarbon chains of surfac­
tant molécules on the hypothctieal surface regular solution of surfactant head 
groups and interfacial water molécules.

Ail the above rnentioned SE-s were proposed for uncharged films. T he pre 
sent paper aims at testing several ol the above équations by using our experimen­
tal data ;11 1 concerning the compression isotherms of oleic acid (OA), rccorded 
on aqueous subphases, containing HCl and having pH = - 2, since under these 
conditions the ionization of the carboxyl group was fourni to be completely hin- 
dered, and consequently the monolayer uncharged. Experimental details and 
surface characteristics derived were presented in [11 j.

Fig. 1. Compressibility fac­
tor of oleic acid monola- 
yers as function of surfa­

ce pressure.

= ^u„(A A(1) 7- kT

MA - Ao) vs. (A-A,), 
values : - vs. A data obtained- 

in 'this wav. Noue of the A(( 
A curve, 

allo- 
are

Results and Discussion. Comprcssibility factor. In order to test the devia 
tions from the perfect gas behaviour, the plot ci comprcssibility factor z = 
= - vA'kT vs. t: has been peri ormod. As seen from Fig. 1 ,at very low rt vailles 
z is nearly equal to zero, indicating very large déviations’ from the perfect gas 
behaviour (z 1) even at the spreading of the film (A « 0.6 nm2/moléc).

Testing of state équations. As a first preliminare study, the I.angmuir équation 
(4) was tested, which,

MA Ao) = 

suggests a linearization 
presuming different A() 
for OA hâve been procvssed i 
values niables us to linearize the whole - vs. 
but cach 'of the values used gives a linear portion, ; 
wing us to derive a value Írom its slope. Rcsuîts 
summarized in Table 1.

Our second preliminare st ude concerned Eq. (9). 
mention that Eq. (9) can be derived without using 
duplex film model. Bearing in ivind the equality of 
chemical potential of water in the subphase and in

We 
the 
the 
the
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Tubl.' I

-, vnlurs (Iprived for ОЛ by menus of lj|. (1) • A- ylves the - 
r»n(|<* In whieh țlie plot Is iienrly lluenr

A»
(11in2/lllolvc. 1 ( 111X ■n i1

.k
111 ; X ni)

0.10 20.83 3.6. . . . 16.7
0 18 12 2’ 1 1.5. . . .21.0
0 20 9 71 0 5..
0.27 6.37 0.6 . . . . 7.7
0.41 1.77 0.2. . . 2.0

monolaycr, considcred as being a real solution, iustead of Eq. (8). one 
obtains [12 i:

- In X, k ' In f, -k i (10)
t l

wliere if stands for the activity coefficient of water in the monolaycr. Eq. (10) 
shows that - has two componciits : rk, which is cqual to in the case of a perfect 
solution, without interniokcular interactions and it can be considcred as a kinc- 
tic surface pressure, and -iț which represents a surface internai pressure due to 
the interniokcular interactions in the monolaycr. It is obvions that -k > (), 
and one has > 0, for < 1 and < 0 for f, > 1. Considering in a first appro­
ximation the monolaycr to be a regular solution, 1\ can be expressed as

1,1 11 : Tt~ X‘

wliere ß means

ß P(b, ..  (12)

In Eq. (12), p stands for the nunibvr of contacts of a mok-cule with ncigh- 
bouring molécules, in the monolaxxr ; гн, e.,2 and e12 stand for the potential encr- 
gy corresponding to a watir.watcr, surfactant surfactant and watcr surfactant 
contact, respectivele. Il is woith iiieiitioiiiiig that sn, and e,.., a’1 bav.: n; getice 
values. Obviously, one lias -, > 0 for ß < 0 and -, < 0 for ß > 0.

Sinea- the water înolecul s are inserted Ix-twcen the polar head groups, and 
there are no water molécules between the air phase hvdrocarbon chains, e12 
is determined by the interactions between the water molécules and the polar 
head groups of the surfactant. Eurther, s22 niay be decotnposed into two ternis : 
Si.ii. corresponding to the head group/head group interactions of dipólé/dipole 
type, and г,,., coresponding to the cliain chain hydrophobie interactions of dis- 
persivc type. Conscqucntly, Eq. (12) can be written as:

ß - P(S12 •=■ 11 (13)
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In Eq. (13), ß12 may be considérée! to be independent of the mean molecular 
area, A, but scc will dépend on the conformation of the hydrocarbon chains, 
whieh is a function of A, and it will be referred to as sce(A). Combination of Eqs.
(10). (11) and (13) gives :

_ _ kT j [q.. , pv (Al x_„
“ 'vk “1 4 <vch (14)д 1 A - ' 9 X ~

*41 -Л1 -Ч

As it can be seen, by comparing Eqs. (10) and (14), the surface internai pres­
sure -, eau be deeoniposed into two ternis : -h — expressing the surface pressure 
duc to the interinolecular interactions that occur in the water phase part of the 
monolayer, and -ch — being a cohesive pressure due to the dispersive type hydro­
phobie interactions between the air phase hydrocarbon chains of the monolayer 
forming the surfactant irtolecules. Obviously, as function of the sign of тгк 
may hâve positive or negativ values. Reversely, Kch is always negative and in 
its expression botli slV(A) and x2 dépend on A. Denoting л,.;1 - = —rr0(A), Eq. 
(14) becomes :

- -r ~o(A) - - -y-ln xt -- Ц (15)

whieh formally is identicul with Eq. (9), but its physical meaning is rathér dif­
ferent. lu Eq. (9); -() has a constant value and it means the hypothetical spreading 
coefficient of the hypothetical oily laver formed by the hydrocarbon chains of 
the surfactant upon a hypothetical surface regular solution containing water 
molécules and the polar head groups of the surfactant. In the case ofEq.(15), 
-(I(A) is considered to be a function of A, and its physical meaning is more realis- 
tic, represeuting the contribution of the hydrocarbon chains to the internai 
pressure of the monolayer ami, aceording to the above discussions, it will always 
hâve positive values.

In Order to find a reasonable expression for the dependence of tz0 on A, 
Eqs. (9) aud (15) were tested by using the compression isotherm of OA.

'l'he molar fraction of the surfactant in the monolayer, in Eqs. (9) and (15) 
can be calculated by using the foliowing expression [10 L: 

where A( and A2 stand for the cross-section area of the solvent and surfactant 
molécules, respcctivcly, in the monolayer. With respect to A2, there is a certain 
ambiguity. lîven the authors of the SE (9) use for OA its collapse area [10]. but 
later they'prefer the collapse area of stearic acid (SA) characterizing carbo- 
xylic head groupil3\ Coiisequently, they report very different ß12 value; for

OA in their two papers. Sitice A2 is used for the calculation of x2 in the mono­
layer, it su ins to be more reasonable to take for .V the cross-section ar.*a  of. 
the carboxyl group and not the collapse area ol OA.
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Eq. (9) can be written in the following form :

-------AfA------  J------ =T=-------- 1 '(17) 
Aj- w ]<T In X) ' Aj- — kT In x,

Ai M
allcwing us to use Irving’s procecb-re "14 . Eq. (17) représente the équation cf a 
straight line in cc-ordinatcs (~t) and ( — 31г),. having the cc-crdinate intercepta 

a = (Áj?: kT lnxjJ/A; and !:>--=-■ (Aj- q-kT In xJ/xX
respectively. By using our experimentai data and Eq. (16), from cach z, — A; 
pair an eq and a l>i value can Le calculate d, allcwing us to construct a straight 
line in co-ordinàtes ( — r0) and (— ßij- И' the compression isotherm can be correctlv 
described by means of Eq. (17), all tbc straight lines must interscct rach other 
practically in a single point, having thc co-ordinates cqual to (^r() and ( — 312), 
respectively, i. c. to the paramc-ters to be derived. ■

These diagiams wcre cc-nstructcd by taking for A, thc.value Aj — (V2/;;)’’ 
/(Na л Ü.l nnr molecule, where V and Хл stand for the molar volume- of Héjúid 
water and for .ùvogadro’s constant, respectively, and by presuming different Аг 
л alr.es. In ad cases, cne- can lirei a j entier ci thc isotheim for which the intersec­
ție r j < int is eq j :c>in atcly the unie-, Lut fer the uholc- curve- the intersection

Tnhh 2

aud S,» vnl'ips derived for OA- 
which practically (lie straiipit

by means Eq. (17). A- is the
lines hâve a eommon intersection

-range in
pond

■•fl 712 < 10=, A-
(Illír Dlolcf (1hN.'iii) Xü 1 llb'ki'. ■ (n:N7ml

0 41 8.1 •'1.7211 O.’b.. 2.6
0.27 10.9 T 2 70 0.6. . . . 13.5
0.20 12.« 0 325 2.6. . . . 18.8
0.1 s 13.« 0.610 5.1.. . .23.2

tliese
,’alucs; 

rts. As. 
ail the 
rates of

i

exhibits a systematic shift with incrcasir.g Table 2 contains parameters déri­
vée! L-у means' of this procedure., as wdl as thc - iiitc.rvales in which tire imerscc- 
lion joint is ncarly constant. The procedure is illustratcd in Fig. 2, givine «orne- 

of thc straight lines obtained on the basis of our 
ex périme utal data, by taking Л2- 0.20 mn2 molecule. 
The- two thickcr straight lines corresjiond to the 
- linrits indicatcd in Table 2, viz. tor: values cqual 
to 2.6 and 18.8 niN/m, respectively. On 
straight lires the cirdes indicate the « and à 
allcwing thc- construction of thc straight 1 
seen, between these - liniits, practically 
straight lines are concurrent and the co-ord 
the-ir couimou intersection are equäl to the Parame­
ters given in Table 2.

Eq. (9) allows us to obtain 7rn vs. A urves. For 
this purpose Eq. (91 is written for two ueigh bouri ng;

#Fî i;. 2. Testing of Eq. (9) by 
liking Irving’s procédure ;dctails 

in the text).
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experimental points of the compression iso­
therm, corresponding to A; and Aj j. By eli- 
niinating 'in between these équations, a (~0)i 
л-aine is obtained. The (7te)i values obtained 
are plotted vs. A- -= (A, + A;. j)>'2. As an e- 
xample, in l'ig. 3 this vs. A) plot is given 
for OA 15 L In the corresponding calculations 
the values used l'or At and A2 wereO. 1 .and 0/2 
mu-,molecule, respectivele.

Obviouslv, there is an interval, comprised 
between 0.32 and 0.45 nm2/molecule, corres- 
]K>nding to 4 < - < 19 mN/m, in whicli —„ is 
approximatcly constant, i.e. El- (9) seems to 
be valid. At low surface pressures (high A va­
lues), n0 decreases systematieally with increa-
sing A, in agrevment with our hyjxrthesis forwarded in diseussing Eq. (15) and 
suggesting the idea to take n(J a/A", as in Eqs. (5) - - (7). Consequently, we 
proposed severul new semiempirival SE-s '15'. By taking n - 1, front Eq. (15)

■ one

ю-
c

i

3

i;

о .. .. 1 .
Û5

О Л by

. t
0.4
A;. mr^/molK

values derived for
means of Eq. (9 ) from tieighbouring jxiiuts 

of the compression isotherm [15].

obtains:

r'or

IÍ n

ГТ ..  4-H|nSlT-M
! Л A, A, /

n 3 2, as in Eq. (7), the lollov.iiig équation res tilts :

.   I .....V’ lus, /•' sq
(.V- A, A, I

2 is lakén, as.in the van der Waals Tvpt

0*11

SE, one obtains :

(18)

(19)

(20)

We mention that a/A", being cqual to 
one has a > 0, for intermolecular at­

traction, and a - A 0 for répulsion. Sinee in 
expanded monolayers between the hydrocar­
bon chains of the surfactant molécules prac- 
tically are acting only attractive forces, in 
testing Eqs. (18) —(20), one must obtain posi­
tive values for x.

Eqs. (18) (20) hâve bcen tested for OA.
The same model System has also beeil used 
for testing sonie other state «[nations, viz. 
Eq. (1), iurther Eqs. (2) and (3), eontaining 
a single.adjusted paraméter, as well as Eqs. 
(4), (7) and (9]. with two adjusted paramc- 
ters (15 .

The experimental ~ vs. A ctirvi ol 'ikic 
acid is given'in l'ig. 4 (curw li.

)■ i g. 4. Experimental ( 11 ;ш 1 t'imeic y 
— vs. A curves for OA m >n bayer H 
Thcoretical curves calcnlated by means 
r>f : 2 Eq. (l i ; 3 -Eq '21; 4 - Eq. (3);
5 -Eq. (4'; bv using the ji.ir i.n.-a-r va­

lues given in Tab. 3.
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In tic on ( iicvrc, iove 2 lias Iven crlculatcd ly nions cf Eq. (1). As sten, 
tiu L< 1 ; i i< 11 с 1 ( Л is vcry far ii< in thc pcrfcct ( к . At lew r. values, vcry leige 
negative ù \ iatic 1 s aj j car aud at Ligii surface pressures inq citant positive 
O1K s. •

For testing the other state equatiens containing adjusted paraméter- a 
eurve fitting method was used. For this purpose, a low surface pressure range lias 
bcen clic,sen, viz. 0 < - g 7 mN m, deJimitul bv daslicd linos in Fig. 4. In this 
range, the soi i; ce pressure lias Leen nicasurcd at 17 c’.iiiuvnt A values. In. the 
case of the equatiens with a single adjusted ] aianictcr, a certain value was pré­
sumée] for the lutter and thcoretical - valut s were calculated for the 17 experi­
mentalii- used A values. The standaid déviation, A, cf the experimental - values 
írom the thcoretical eines was calculated. The systematic variation of the vaille 
of the adjusted paraméter allcws u- te ceiivi the Lest eue, ensuring the minimum 
of A, denoted as Ani. If the équation ccntains two ] aramtters to be derive ci, a 
double minin izaticn ci A is ncccs<ary. The adjusted paraméter values derived 
by nu ans ol this procedure are given in Tab. 3, and tinse values hâve bcen used 
for ccnstructiiig the thcoretical eurves in Fig. 4. We mention that in the case of 
Eqs. (9) and (18)—(26), the x2 values v.ere calculated according to Eq. (16)» 
by takiiig Aj - 0.1 and A2 =- 0.2 nm2 mckeule 15 .

Table 3

l’arnineters of the Male équations and standard déviations derived for
, ОЛ rnonohixers (- 7 m\ m) Il*»|

■•о
;.tX m i

-^0 
iim2 moke.

7_* - №•
(Xnp

A 
niX/m

(1 __ _ 6.09
(2) - 1. 123 — 1.95
<3i tS. ( 1 — 1.19
H) 10.5 0.169 0.29
(7) 0.268 5.69* 0.17
T) 10.46 — Û.(JS 0.29
ț 18) 0.84= .. 1.07 0.15
( 19) ... 8.601 - 2.28 0.09
(20) 1.15’ 5.73 0.13

♦ Vnits : 40 Nu:5 : •Il)- -° 5m : ’l» " NnE ; in nîl cimes pr'i niokiuk-

The corrcctness of the équations in the chosen - range can be judged on the 
basis of the A value, given in Tab. 3 and representing the standard déviation for 
Eq. (1) and the Am values in the casc of state équations with one or two adjusted 
Parameters.

As seen, iront Table 3, by using the SE-s given in the literature, the L'est 
description is obtained with Eq. (7), whieh was also found variier [16, 17 to be 
a goed approximation.

In testing Eqs. (9) and (18) - - (20), calculations were performed by pr-es.uming 
A2 0.2 nm2/molecule [15f. This is a quito arbitrari- hypothesis and it is more 
reasonable to take also Л2 for an adjusted paraméter. In this case, a triple minimi- 
zation of A is to be performed, giving (Аш)ш. Results of this triple 'minimization 
are given in Table 4.
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Table 4

Parumeters of Eqs. (9) and (18) — (20) obtained by triple niinimization of A for OA
/ (- 7 mN ni)

Eq. A, 
iim2 mek'c. niX/ni

a* y„ X 102u
(Xm) mX/m

(91 0.349 9.517 0.600 0.165
(18) 0.290 -- 0.685 0.058 0.096
(19) 0.225 ... 7.714 - 1.507 0.087
(20) 0.070 — - 4.266 51.880 0 082

* Units : as in Tab. 3.

As seen, on thc- hasis of (Am)m Eq. (20) scems to be the best, but this équation 
does not correspond for several reasons. ín order to show this, in Fig. 5 A„. ob­
tained by double niinimization and the corrcspcnding a and ß12 values arc- givcn 
as function of A,. As seen, (An,)m corresponds to-A, - = 0.07 nnrVmolecule, which 
is less than the cross-section area of a water molecule, coiisequently, this value 
is absolutelv unrealistic. For A2 > An Am decrcascs with decrcasing A2 and a > 
> (.), ß12 < 0. At A2 = Aj thc- Am vs. A2 curve has a singularity silice one has- 
x2 — Aj'/A and Eq. (20) becomes

(21)

Eq.'(21) ccntaiifr.g a single adjusted ]aii.mctcr (a-j- (
2.Ú28  niX/m. For A2 < AI( Amccntinucs to decrcasc with 
scs through a minimum but both a and 312 change 
their sign .at Aj --A2. Thercfore, wc conclude, that 
Eq. (20) is not suitable to dcscribe thc compression 
iscthcrm and we will consider Eq. (19) to be the 
best one.

In order to visualize the qualité of the appro­
ximations discussed, in Fig. 6 the 17 experimental ~ 
and A pairs processed arc givcn, as weil as 3 theoreti- 
eal - vs. A curves, viz. those obtained by means of 
Eps. (7), (9) and (19), by using the paraméter values 
givcn in Tabs. 3 and 4, respectively. We bave choscn 
these relations since Eq. (19) is the best approxima­
tion and the otÜer two may be eonsidered to be the 
'parent' relations in obtaiuing our SE (19). As seen, 
the curves caleulated by means of Eqs. (7) and (9) 
sb.cw déviations in the opposite direction from the cx- 
] ciimcntal curve, and the curve corr< ,-j.onding to 
Eq. (19) oeeupies an intermediate position between 
the formers.

l'i g. 5. Testing of Bq. (20;- 
on thc compression istftherni. 
of OA for r? A 7 mX/m ; 1 — Ain
vs. A curve. The arrow încli- 
cates the minimum value givcn 
in Tab. 4; 2—log j a i vs. A2 
curve, y ---. a X 1043 Nu?. ino-

Meaning of the paramelers derived. The state- équ­
ations tested contained two kinds of parameters, one 
of thein expressing the own area nccessity of the surfac-

lecule, dashed line for <*<(h.
3 -- log ißj2Í vs. A2 curve, 
y ' ßi2 X IO23, Nm/moleeule,.

dashed line țpr ß12 < О.

6 — Chemi.) 1/1990
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Fig. 6. Experimental - A pairs tor ().\ 
and thcoretical curves caleulated by nii-ans 
<>t : 1 — liq.(7), parameters given in Tab. 3 ; 
'2 - Eq. (9), parameters Tab. 4; 3 Eq.

(19) parameters Tab. 4.

tant molécules, the co-area Ao of Eqs. (2), 
(4), (5), (7) and the A2 value implied in the 
calculation of x2 by means of Eq. (16) in 
the case of the SE-s (9), (18) — (20); the 
other onc takes intő account the intermole­
kular interactions, the cohesive forces, as 
the internai pressure ~0 of Eqs. (3), (4), (9( 
and (15). The internai pressure is expressed 
by means of an interaction paraméter a in 
the case of Eqs. (5), (7) and (18) -- (20), 
reflecting the attractive forces between the 
surfactant molécules with Eqs. (5), (7) and 
between the hvdrocarbon chains onlv with 
Ejs) (18) -(20). Eqs. (9b (15), (18) - - (20) 
vontain also the interaction paraméter ß12 
corresponding to the attractive forces bet­
ween the polar head groups and the water 
molécules.

Kor A() Eq. (2) gives negative values (Tab. 3), wliich has no physical meaning 
and it indicates that the intermolekular interactions are mainly responsible for 
the déviations írom the perfect behaviour and not the non-zero molecular arca. 
Eq. (3) gives indeed a bet ter description and -0 indicates attractive interactions. 
Nevertheless, both approximations are verv rough, as seen Írom curves 3 and 4 
in l'ig. 4. A spectacular decrease in A is observed if two adjusted parameters arc 
introdueed.

In tbc casc of Eq. (4), the choice of Ao has an important effect, as seen Írom 
Tab. 1. The largest linear portion is observed for Ao ■■■: 0.18 and 0.20 nm2/molecu- 
le, whieh are very ncar to the cross-section arca of the COOH group, oriented at 
tbc airóvater interface. The -0 derived indicates quite strong attractive interac­
tions. Since the attractive forces are short-range unes,'the internai pressure dé­
pends on A. Consequently, Eq. (7) gives mucii better results than Eq. (4), as seen 
Írom Tab. 3. The A() value given bv Eq. (4) is near to the cross-section an a oi 
the hvdrocarbon ehain of OA, but the Ao value derived by means ol Eq. (7) is 
more realiștii-, being equal to the collapse area of OA.

On the basis of Am Eq. (9) seems to be approximately as good as Eq. (4) 
As seen Írom Table 2, -(l does not dépend on the choice of the cross-section area 
as much as in the case of Eq. (4) (Tab. 1), but 312 is very sensitive to the modifi­
cations of A2. For high A2 values, it expresses strong repulsion (ß12 > 0), lor 
low ones, strong attractions (ß]2 < 0). Since in the oriented structures of the 
.monolayer the H-bond formation between the neighbouring COOH groups lias 
a verv small probability, in the expression of 312 (see Eq. (13)), jshh will be less 
than both ги ) and A12 . Further, duc to the eleetronattractive effect of the' 
carbonyl O atom, the O atom of the OH groups will hâve an increased electrone- 
gativity, lavouring the H-bond formations with water molécules. This miglit 
entait îs12 , > .гп . Therefore, negative values may be expected for ß12 and the 
use of low A, values, corresponding to the cross-section area of the head group 
of the iatty acids, seems to be correct.
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By using A, — 0.20 uni-/molecule, Eq. (9) gives approximatelv the same Ao. 
values as Eq. (4), and in the case of Eqs. (18) — (20), both a and ß12 correspond 
to intermolecular attractions (Tab. 3). A has the minimum value with Eq. (19),. 
not depassing the experimental crrors.

By taking A, for adjusted paraméter, the standard déviation becomes much 
less (Tab. 4). The A., value obtained with Eq. (9) is compriscd between the limi­
ting molecular, ama A() and the collapse arca Ac of O A 11 and ß12 expresses re­
pulsion between the earboxyl groups and water molécules, both results being 
in disagrcement with the basic hypothèses, lcading to Eq. (9). Eq. (18) yiclds 
also unrealistic positive values for ß]2 and tco lugh A2 values. Eq. (20) is coir.ple- 
tdy unsuitable, as shown above, silice both a end )I2 values obtained correspond 
to large repulsive forces, and A2 is too low.

Eq. (19) gives quitc rcasonable results. Both a and ß]2 express attraction as 
•.■xpccted and A2 is verv near to the molecular area ol stcaric acid at the tz value 
corresponding to the liquid-» solid phase transition, ami it might be cqual to 
the real area nécessité of the COOH group in an expandcd state. We mention that 
Ac of SA is less, silice it is determined by the cross-scction areaof the hydrocarbdn 
chain and near to the collapse the COOH groups seern to be l'orced to readily 
aceomodate lx.-iu.ath the hydrocarbon chaius.

The paraméter values dderive allow us to predict the characteristics of the 
gas liquid phase transition at the compression of the monolayers. l'or this pur- 
pose, the theorctical ~ vs. A curve hâve bon constructcd for OA bymeansof 
Eqs. (7) and (19) rcspectivelÿ, by using the paraméter values given in Tabs. 3 
and 4. These theorctical isotherms are preseuted in a semilogarithmic scale in 
Fig. 7.
As sten, both équations indicate a phase tiansition. The position of the hori­
zontal dashed line has been estabiislnd in such a way as the hatched areas 
above and under this line to be equal to cach other. (In Fig. 7 this cquality 
is not obvions bccause of the logarithmic A scale). The position ol the horizontal 
line indicatcs the cxpected equilibrium pressure bet- 
waen the gaseous and liquid phases, i.e. the va- 
pour pressure nv of the liquid film. The iattm 
value, as weil as the corresponding molecular areas 
in the gaseous (Av) and in the liquid (A J status 
are given in Table 5.
l'or, the sake of comparison, in the same Table 5 
also the experimcntally found nv„ AvandAj values 
are given for n-pentadccauoic acid (l’I)A) rnono- 
layers at 20CC and pH 2 IS .

Since at the spreading area of about 0.6 nnÇino- 
1; cule, used in our experiments a surface pressure 
ol about 0.1 mN/in was found. tbc n\. value obta­
ined by me an s of Eq. (19) sa-nis to be more 
realistic.

By taking into aecount that in bulk the boi- 
lîng points of OA and PJ >A at p ----- 100 mm Ilg 
are of 286 and 257 C, respectivele 19 , one might

l'ig. 7. Theorctical - vs. log A. 
curves constructcd for OA inono- 
layer.s by using Eqs, (7) (curve E 
and (19) (curve 2) and Parameter 
values given in Tabs. 3 and 4. 
predicting the gas-liquid phase 

transition.
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Table 5

Chiirarterblli’s of the gns llquld phase transition of OA as predicted by the 
state équations

Acid si*;
niX m

Av
itmVmolec.

A, 
ntn2/inolcc.

ref.

( )Л (7, 0.290 7.30 0.568
( >л (19) 0.1 18 21.5 0.565
OA 0.107 ■ 20 '

l’DA 0.132 15.(1 0.415 18.

expect th<- vapottr pressure of ( )A to be also in two dimensions, less than 
thaï of l’DA.

This expectation is in verv goo.l agreement with the vailles predieted by 
Bq. J19).

The -v - - 0.10/ niN/m value rvported for OA monolayers at 2/.5 C ,201 
is also milch more consistent with the prédiction of Eq. (19), as conipared tor 
that of Eq. (7).

Eq. (19), proposer! by us, describes mucii better the behaviour of OA 
monolayers than the earlier proposed SE-s.

Eq. (19) yields reasonable values for the parameters A2, a and ßJ2 and 
prediets the characteristie magnitudes of the gas-liquid phase transition of OA 
in a good agreement with theoretical expectations.
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PREPARATION (>E AIR PHOSGENE STANDARDS BV DH-TTSION 
THROPGH A Tl-BE

V. SIVIIAM *

; < .M-г, h 21, 1ЧЯЧ

The papur présents a method ami the rvlated apparátus for the préparation 
of air-phosgene standard mixtures in ppm range. The method consist s. of diffus- 
ing phosgene vapours through the open head of a glass tube wich leads to 
the conduit of the carrier gas stream (zéro air or nitrogen). Phosgene concen­
tration in the gas stream dépends on : the diffusion tube's geonietry, tempéra­
ture, pressure and rate of the carrier gas stream. The concentration of samples 
ha> been analysed by a speetrophotometric method.

Introduction. Two main procedures are generally. used in preparing gas 
standards. The static method consists of successively diluting a mixture of a 
known concentration in separate vessvls down to the desired dilution. By 
this method concentrations of feus of pptiî cati be obtained ; lower concentrations 
arc modified by the absorbtion on the vessels surface. The dynamic method 
consists of injecting the analysed gas of a known concentration into an inert 
carrier gas stream. The apparátus based on the- latter method allows botter 
précision in the lower concentration range.

For the introduction of vapours in the carrier gas stream several methods 
are-known: gravimetrical methods il - 3 diffusion through a porous laver 

4, 5 , diffusion through the open bead of a tube [6—10 j, perméation through 
polyniers ■ 11--19), pulvérisation (20 ,, cliemical génération [21, 22', exponențial 
dilution J23, 24;, vapours condensation .25—27], etc.

The method of diffusion through a tube is simple, it dues not necessitate 
prior experiment*  for the geometrica! and technological dimensioning of the 
installation, and the materials for the installation are available.

This is th? first utilisation of tlu- diffusion through a tube method for the 
préparation of air-phosgene in ppm rang -. The paper also présents the installa- 
fon llsul.

Phosgen? (carbonic acid dicloridi■) lias been synthetized first in 1912 
( J. l)aw) .28- and it was ustd as a poison gas [29 . Owing to its reactivity, 
in spitc of its liigh toxicitv, phosgiiK is used in several cliemical synthèses 
(polimer*,  drugs and dyes). For the calibration of varions methods for the 
détection of the phosgene- in air -30 d is n -cessary to prepare an air-phosgene 
standard mixture. The threshold-limit value (TI,V) of phosgene in air is ont y 
(). 12 i pin (0,5 n.g ni3).

Experimentul. Our installation is slnran in l-'ig. I. The diffusion through a tube method lias 
b- a s iggssted bv M- K b-ev an 1 II ..•’sr-lr. r S 9 The vapours in equilibriuni -with the liquid phase 
diffus thro-igh ta- о r?n .1 -a i i c?" t T - in th-.- carrier gas stream. I'ig. 2. shows the dia-

' î \ oi (..iui-Napoca, Ftnull} oi ('Ih-hh-h \
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gram ut the diffu.sing system. The amoiint of phosgene vapours that diffuse through the glass tubt 
in the carrier gas stream caii be adjusted by selecting the gecnietrical dimensions of the tube atu 
the température and pressure of the liquid phase. The pressure, t< mperature and the flow rate 
of the carrier gas are kept constant by 12), (31 and (4), respectively (big. 1). After the mixing о 
the phosgene vapours with the carrier gas in the mixing ce 11 Í5). the gas mixture is kept in tin 
stor âge vessel (7j. Standard samples for ehemical analysis and for calibration of the detecting 
methods are taken from the storage wssel. Excess of the mixture is neutralised in the scrubber (8 
with 1% X'aOII. The working conditions and the tubes geoinctry are indicated in Table A] 
vessels. tubes and pipes in contact with phosgene arc niade of glass or PTFE. Previously tu- 
vessels. pipes and carrier gas hâve been carefuliy diied to avoid the hydrolysis of the phosgene

COC1-. - 11%) - 2HC1 - СО., (F
»ç

The theoreticai basis of the techriological dimensioning of tlie diffusion tubes for phwyiu 
vapours has been dealt in a préviens paper [31 . The concentration of the air-pht sgene mixture b 
given by Eq(2% the basic équation in the dimensioning of the diffusion System:

D-P-MA P
C 1 .66 • ]!)’ --- :-------------  . lu -----------

R-T-L-d P . n
V

F-9 2.

Fig. 1. Schematic diagram of the 
apparátus

1. carrier gas cylinder. 2. pressu­
re réduction System, 3. thermostat, 
4. rotameter. 5. mixing cell, 6. di­
ffusion svs’.em, 7. storage wssel, 

8. scrubber.

Fig. 2. Diffusion system for pho­
sgene vapours

The diffusion coeficient of the phosgene vanoiirs in ait 
was calculated using Maxwelli formala modified by Gil'ilamt 
32, 33 . The value this of cocfficû ni in oUr woi hing conditions 

(T 253 K, F 1 atut i was I) ■■ 0,0019 m‘r'm. The pressure 
oi the phosgene vapours at the working t -mp-.-rm u re was ealcuïa- 
ted using Paterna aud 1 osc w'wl I i’s rekitiomhip. Bevond the 
Hmits of this relatioiishiu the f !’- wiug eqmdicti is \ alid [34, 35 j :

The température of the liquid pheșgc m*  i enged 'oetwcen
25 C aud 0 C ( 0,1 C>. Thermostate 1 dry air or nitrogen

werc the carrier gas. Tiu carrier gas f’.uw wss measured with 
a rotameter (60 600 1 hi.

The phosgene was brought in from a flash >C. Ch. Rm. Vi leva) 
containing phosgem- 99,86%, chlorîne 9,04% aud hidrochloric 

acid o,l%. A thiosidplmte filier (retained-Inwas mCFaiid HC1.
The air-phosg-. ne mixtures wcre anaiysed by absorbției! 

in a 0,1 X XaOH folhmed by the spectrophotometric déter­
mination of CP resulted [36, 37 f using calibration plot taken 
with known CF concentrations in the 2,5 25 gg ClT-Tnl.(3,48 —
-■ 34,85 ug C0Cl2.;ml) range (Fig- 3).

COCk 2OII- 2CF % CO2 Ț IEO

Kesults and Discns.xion. For the eaieulation of the 
concentration of air phosgene iiJnture we used 
the l’ollowing relationship :

<E - b) ■ V • f -,
e =...........   о )

a ■ <!., • t • V

For a quick évaluation of the concentrations, 
the following plot, l.ased on relationship (5') has 
been drawn (Fig. 4.). Accordîiig to the n lationship 
(2'i. tlie working conditions sliould be chosç-n for 
the 0,1.. lp ing phosgene a.3 air range (Table 1.).
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E i g-, 3 Cl cou 4‘ntration-absor- 
bancc plot

E i g. 4. Concentration of air-plios- 
gene mixture dependtnce of absor­

bance, absorbtion conditions

Table 1
IVorkliiu coudlllons data

Concentration R ange Tube Geometrv Elow
mg • /m3 Length Diameter Range

mm mm 1/h

(1.1 - 1.0 330 0.65 60 600

1.0- 10.0 330 2.00 60-600

Errors in experiments arc indicated in Table 2. and they are due to the 
déviations- írom the calculated working conditions as stated in the relationship 
(2')- The concentration déviation did not exceed 15% of thc theoretical 
values calculated.

The concentration of the phosgène in the carrier gas stream lias reached 
a constant value oiïly in 30 minutes owiiig to the following facts : the diffusion 
of the phosgene vapours through the tube, thc phosgene vapours are partially 
absorbed by the inner walls of the installation, the concentration gradients are 
levelled. 'Plie results are displayed in Table 3.

Table 2
E xperiinen'al resnHs îor two concentration values

Concentration l'i'iw Concentration
Tlieore- Practicai Rate Deviation

tical
mg'm3 mg/ni3 1 il %

0.102 0.092 0.1 14 300 ; 20 9.8 4 11.7

3.130 2.761 3.550 300 20 - 11.8 -1 13.4

Table >
The homogénisation oí Ílie cnncentra’ion in.the storage vessel (stabi­

lisation in time)

Time min. 0 15 30 45 . 60

Measureo 0 0.107 o.i io 0.101
Concentration 

mg/nf' 0 1.79 3.12 3.12 3.
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(

F i g. 5. Evaluation diagram for the 
geemctrical dimensions of the diffusion 

t u 1 >e

F i g. (S. Flow-ehart of the coinini- 
ter program for the tube dimensic- 
ning and évaluation of the expe­

rimental data

The size of the tube determinatus tlie concentration range, v. hile the fine 
ad justement is obtaincd by modifying the carrier gas flow rate. Scve-ral diagranis 
wert drawn for tach different set of operating conditions, in order to facilitate 
the dkdgn and the construction of the instal'ation. Fig. 5. shows such a dia­
gram for the following set of conditions: t>, mpc rature of the liquid phase = 
= —10, —15, —20, — 25'C, pressure in svstim = 1 atm, gas flow rate = 
= 300 1 il.

Within each set of operating conditions the équation describing the mixture 
concentration as a function of the tube’s dinn usions is :

C K • '; (6')

This is the simplifiai form ci (2p
Both the diniensioning steps and the évaluation or the experimental data 

wc-re assisted by a computer program (vhose ilow-ehart is shown in Fig. 6.). 
In this wav we van make the optimal choice of the operating conditions and 
the quick détermination of the mixture composition.

Our method of preparing air-phosgene standards présents the following 
advan tages :

— low concentrations, evtn below 0,1 mg m3 eau be obtaincd
— the précision is -- 15°,',
— a simple installation, made of easily available materials.

7 ht 'ioi the svmbols itscd

c --- pliosgcne concentration in the carrier gas stream mg 'm3
:> — diffusion coeffick ut of phosgene vapours in air m-/h
p :- total {»reassure in System atm
M — molecular weight of the phosgene g,'mol
A — area of tube section mm2
R — gas constant ndatm/K rno‘
T = température K
h = length of the tube mm
d == carrier gas flow rate 1 /min
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P vapour pressure of phosgene atm
E absorbance
a, b line’s parameters of B ~= ax ~ b
X (calibrating) concentration of CF g (ml
v . . volume of absorbtion solution ml
t absorbtion time min
d absorbtion rate l/min
V volume analvsed from the absorbtion solution (nuniber of ml)
f 1,394 (transformation factor for Cl in phosgene — as it results from the équation (4)
0 inner diamètre of the tube mm
K constant depending on tlie operating conditions
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Kinetics anii mechanism of thiomalic acid oxidation by hexacyanowrTute 
(III) in perchloric acid solution has been iiivestigiited spectrophotomiUically 
at 420 nm.

The kinetic behaviour of the system is complex. The réaction rate, expresseil 
by ПК-ans oi the I;e(V.X>“ ~ ion, is first-order with resjiect to the concentration 
ol hexacyanoferrate (III) ions at hight acidifies (froni 0.8 to 1.60 M’>. The 
large excess of thiomalic acid concentration is responsible for the first-order 
kinetic law.

A complex depenilence on thiomalic acid concentration was obscrved in 
our conditions. The dependente of kinetics on hydrogen ion concentrat ion 
and température was also studied and the apparent inirgy of activation has 
been evaluated.

A reasonable reaction mechanism was suggested by our results. An inner 
sphere interaction between the oxidant, Fe(CN)’ , and KSH molecule, seeins 
to be responsible for the actual electron transfer. A reaction serpter.ee evohing 
the reactive intermediate, Fe(CN)5(CX. SR)4“ is takcn into discussion.

Introduction. The oxidation of tliiocompounds with transition пк-tal ion; 
in aqtieous solution of fers very suggestive examples concerning the kinetics ane 
mechanism of the reaction. Intermediate reactive complexes v.ere détectée 
spectrophotometrically in such Systems.

The hexacynol’errate (III) ion, jiiert to ligand substitution, is a .well-knowi 
oxidant in aqueous solution (s0 ==-; 0.356 V in perchloric acid medium) perfoiniini 
the oxidation of sulphide group to disulphide. The mechanism of thiol oxidatior 
by Fe(CN) is not well understood. There are many contradictory lacts connectée 
with the reactivitv of hexacynol'errate (III) towards such reducing organic substra­
tes I 1 -. 4 :.

The present studv gives new évidence concerning the complexité of the icau­
tion pathways in the oxidation of thiocarboxilic acids by Fc(CN)g . Silice tlu 
oxidant species is inert to ligUnd substitution, an outer-sphere reaction incelia- 
nism would be expected to be efficient. Our results, however, confirm a réaction 
order dependent on thiomalic acid concentration. The fact is diagnostic for the 
inner sphere interactions in the course of the ovrerall redox process. In tiu 
inner-sphere redox reactions, there are marked changes in the coordination sphere 
of the reactants in the formation of the activated complex.

A réaction sequence was suggested ГЗ i for the oxidation of tliiols by 
Fe((jN)i! q in which ligand displaceinent on Fe(CN)|~ takes part. But, of tiu 
reaction is carried out in the presence of 140N_, such mechanism should lead te 
the introduction of 14CN~ into Fe(CN| ’ (the product of the reaction). This is 
not observed and the mechanism [3j can be ruled out from the results.

serpter.ee
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The Fc(CN)k~ ion snioothly oxidizes the organic ;5 ' and protein substrates 
’6]. Somé of réactions of the nitroprusside ion, Fe(CX5)NO2~, and of the 
?e(CX)sH2O2” ions have bcen investigated 17—9).

In viéw of these facts, it is clear that, the iron (III) and (II) cvano coni- 
ilexcs offer somé very interesting mcchanistie aspects in acidic média. It is 
:he scope of the present study to illustrate the rcactivity of the Fe(CN)e~ 
ons with thiocarboxilic acids (thiomalic acid) on the hasis of our kinetic and 
ipectral results.

Experimental. On mixing an acidic solution of potassium ferricyanide with a solution of thio- 
nalic acid, the disappearance of the yellow colour of Fe(CNT!~ is observed. The reaction products 
ire the hexacyanoferrate (II) and the corresponding disulphide. The overall process is base cataly- 
■.ed.

llcagints. Solutions. Tkiomalic acid solution 0.2 M in concentration was prepared by dissolving 
* wcighed amount of the reagent of biochemical purity in twice distilled water just betöre the 
sindic measurements.

Potassium ferricyanide solution was obtained front the reagent grade chemical. The absorption 
spectra iu the visible and ultra-violet régions were reeorded at different perchiloric acid concentra 
ions. No changes were observed with the variation of hydrogen ion concentration. (0.5 — 1.6 M HC104). 
1 sto'k solution 2 X 10“2 AI in strength was prepared. The extinction coefficient , s = 
- 1 x HP mol-1 cm"1 associated with Fe(CN)J_, at 420 nm, was determined. The réduction pro­

inet, FefCX'J-, is ahn >st transparent at 420 am. This waielenght was selectei! for kinetic measu- 
■emeuts.

Perchloric acid solution 4.0 M in strength was obtained froin a concentrated perchloric acid 
.ohition (70%, d - 1,67 g/nil) of liigh purity. This solution was standardized agaiiist sodium 
îydroxide solution.

Sodium férc hl о rate solution 4.0 M in concentration was used to maintain the ionic strength 
«t a constant value.

The overall stoichionictry corresponds to the reaction :

2Fe(CX)J- + 2 RSH = 2Fe(CN)J- + R—S—S—R + 2H+

Th.: optieal density values, Ao. of the oxidant solution Цпеаг1у correlates with the concèn- 
«atiou of lfe(CN)J~ ions at 420 nm in the region investigated in the present paper (Fig. 1 ).

The réaction course was followed at 420 nm, the only absorbing species being the Fe(CN)|" 
ons. <

AU solutions were thermostated in a water-bath before mixing.
The procéda re. .The experimental devise. The température of the reaction mixture in the optieal 

eil was control led in every case. A Wöbster thermostat was connected 
<> the spectröphotometer.

A small volume (1.5 ml) of potassium ferricyanide solution 1X 10 ’M 
vas rapidly introduced into 6.0 ml of reducing solution (containing RSH," 
IC104 and NaC104) placed into the optieal cell. The reducing solution 
jasused to calibrate the 100% mark of the apparátus (Spekol). d== 4,995cm,

20 nm. The decrease of the optieal density of the reaction mixture 
ollowed. The infinite value, A , is zero in all cases.

Experimental résulta. The observed first-order rate constants, 
zere evaluated from the experimental data optieal density — time. 
rst-order kinetic law is a resnlt of the large excess of thiomalic 
oncent ration.

d[Fe(CN)ri
rob = ■ --------

was

Fig. 1. The dependence 
of the initial optieal den­
sity values Ao on concen­
tration of Fe(CN)jj_ ions. 
420 nm, d — 4.995 cm, 

[H % == 1.333 M .

dt
kob[Fe(CN)i> ]

No déviation front, the first-order kinetics was observed in our ex" 
lerimental conditions.

The influence of hydrogen ion concentration, thiomalic acid concen- 
ration an 1 température on kinetics was systematically studied.
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Fig. 3. First-order kinetic plots for 
the oxidatioii of thiomalic acid bv 
Fe (CX)i' at different percliloric 

acid concentrations 291.5 К.

RSII : 4 x 10 - M

Fi". 2. First-order kinetic 
plots fór three experimental 
curves recordcd in the sanie 

conditions 291.5 К 
KSH : 4 X l()-î j[

FefCXl2 - : 2 X 10' » M
IICIO, : 1.60 M

F i g. 4. The dependence of к * 
raines on hydrogen ion concen­

tration at 291.5 K.

KSH : 4 X 11: 5 »j

Fig. 5. First-order kinetic plots at dif­
ferent thiomalic acid concentrations, 

308.5 K.
I1C1O4: 1.60M a:8.0xl02M
Ik icxi’. :2x 10...«M b :6.4x ÎO"2!!

c:3.2xlO“2M

Fig. 6. a. The dependence of 
the rate constants on tliioma- 
iic acid concentration at 302.1

K.

Fig. 6. b. The dependi n-.-e 
of the rate constant-, on 
thiomalic acid concert: 

tion at 312.9 K.

IMCX^- : 2 X ■ M

Tig. 2 illustrâtes the précision of the kinetic inethod. First-order kinetic plots for tarer 
different experimentă, under the same conditions, are presented here.
' / ) The dependence of kinetics on hydrogen ion concentration.

Sonie first-order kinetic plots for the oxidation of thionialic acid with Fe(CN) ion, at diffe­
rent concentrations of pcrchloric acid are presented in Tig. 3. Л decrease of the rate constants 
with the inercase of H ”] from 0.5 to 1.60 M, is observed.

Tig. I shows the dependence of the reciprocal values, k“^, on [II * ! values.
2) The dependence of kinetics on thiomalic acid concentration.
The influence of température on kinetics. Kinetic measurements at different températures between 

290 and 310 K hâve been made. The influence of thiomalic acid concentration at a constant tem­
pérature and (11+) has been studied. First-order kinetic plots at different [RSH]0 are presented in 
Tig. 3. The hydrogen ion concentration is 1.60 M.

It can be observed tliat the rate constants, k„, increase as the concentration of RSII 
increases. The depeiidencv of the rate constants on thiomalic acid concentration is iilustrated in 
T'g. 6 (a. b) at 302.1 and 312.9 K, respectively.
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Three different IT * values were investigated kineticallv at each température.
The saine kinetic behaviour was observeil over the investigatei! range (pli valuis .mil tempé­

ratures). The results are présentée! in Tables / 5.

Table 1

Kinetic results on thionialle acid oxidation hy Fe(CX)’~ IHCIOJ l.tiO M

291 .5 K 299.7 K .398..5 K
rRSlI )RSH ,> -ЦХ• (1 ■KSir, ;rsii

M M 1 •_RSir„
k..i> R..l> k..t>

s ' Х.ъ s ■> kx> s- ' ’m.

8 X 10 -2 12.500 20.00 0.040 2.(XK i _ _

6.4 X 110'2 15.65 25.00 0.018 3.555 0.0319 2. 000
5.82 X 10 2 17.182 27.491 0.0219 2.657 , -- —
5.60 X 10 2 17.860 28.576 0.013 4.30 - --
5.45 X 10 -ï 18.350 20.360 0.0166 2.535
5.14 X 10 2 19.455 31.128 0.0158 3.252

•4.80 X 10-2 20.833 33.333 0.0107 4.48 0.0166 2.900
4.00 X 10 2 25.000 40.000 0.0085 4.70 0.0120 3.400 —

3.42 X 10-2 29.240 46.784 * 0.0074 4.620 —
3.20 X 10 2 31.250 50.000 0.00532 6.15 (>.(>082 3.9 9
2.40 X 10~2 41.660 71.424 0.00318 7.55 0.0040 6.000 -
2.24 X 10-2 44.640 66.665 0.0045 4.975
1.71 X 10-2 58.480 93.560 0.0024 7 130

T al b- 2

The influence of hydrojjen ion eoneentraiion, température ani! tliionialic neid conecntralion i>> 
kinetics. Flrst-order rate constaiits in s >.

Obs. : koh h; the average value of 2 - 3 individual déterminations.

(RSH)0 . M 291.5 K 302.1 K 312.9 K

■II' 1.333 M 1.60 M 1.333 M 1.067 M 1 60 M 1.333 Tl 1.0'37 M

0.160 0.0645 6.1 17 0.0709 9.313
0.147 0.0525 (M.KSS 0.0614 0.243
0.128 0.037 0.0348 0.0385 0.0567 0.0429 0.454 0.180
0.108 0.021 0.0232 0.0289 0.0362 0.0294 0.0416 0.1 10
0.089 0.012 0.0142 0.0198 0.0204 —
0.064 0.0053 — 0.0086 0.0099 0.0109 0.0336
0.054 0.0042 0.0045 0.0055 0.(1059 0.0239
0.044 — — 0.604 —
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l'dWe 3

Kinetic results on thiomalic acid oxidation by Г'е(()\)“ 29I.5 К. к in»

[RSIIjo 

M
[RSIIV

M1

1.333 .M II * 1.067 M H '

[Ни]
1-

rusii], ÍI+]
Gl) k,„ [RSII]» ob kob JiSIIj» ■

Table 4

0.128 7.810 0.037 3.459 10.387 0.073 8.279
0.108 9.250 0.021 5.140 12.303 0.054 2.000 8.805
0.089 11.230 0.012 7.140 14.936 0.041 2.190 11.904
0.064 15.640 0.0053 10.500 20.801 0.0225 2.840 16.578
0.032 31.250 ... 44.329 0.0075 4.000 35.330
0.054 18.910 0.0042 12.700 25.150

Kinetic resnlts on tlilomalle acid o-Jdation by at 302.1 K. k ( . s 1

1.60 M TI " 1.333 M II* 1.067 M H*

7. - ,. :rsh „ riiv [RSir,, [ II G
1- [R SH о [ir‘-j

pZ ' , -z , . ” k .1,
rRSHjo

• .ih к ; [RSH „ ’S,b [ RSri]

1.60 6.25 0.0645 2.480 10.00 —
0.147 7.14 0.0525 2.800 11.424 — —
0.128 7.81 0.0348 3.678 12.496 0.0385 3.330
0.108 9.25 0.0232 4.655 14.800 0.0'289 3.730
0.089 1 1.23 0.0142 6.330 17.968 0.0198 4.520
0.064 1 5.64 — — 0.0086 7.440
0.054 18.91 0.0045 12.00 330.256 --
0.044 22.73 — — 36.368 —

0.1167 1.370 6.645
0.065 2.174 7.568

10.387 0.0567 2.257 8.279
12.303 0.0362 2.980 9.805
14.936 11.904
0.801 0.00995 6.43 16.578

0.0044 10.00 24.321.

Table 5

Khielic results on thlnnialle acid otidation hy Fe(CX)’- at 312.9 H, k„b s* 1

O T 1.60 M II * 1.333 M II* 1.067 M II ■
>T«

7 7 RSH „ [Il *: KSil (> гни [RSlIi0 [H’J
pZ t , L ob .ни [RSII,,, ' ob к 4ob RSii „

k„l,
kob [RSHJ0

0.160 6.25 0.1)703 2.275 10.009 0.313 0.511 6.625
.0.147 7.41 0.0614 2.394 1 1.424 — 0.243 0.603 7.568
0.128 7.81 0.0429 2.983 12.496 0.0545 2.348 10.387 0.180 0.708 8.279
0.108 9.25 0.0294 3.673 14.800 0.0416 2.596 12.303 0.110 0.982 9.805
0.089 11.23 - — 17.968 0.0204 4.362 14.936 — —
0.064 15.64 — 25.024 0.0109 5.871 20.801 0.0353 1.813 16.578
0.054 18.SI 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, k()b. on thiomalic acid concentration can be représentée! 
by the équation :

kRRSH,,]2 

k|, -<- k„i R SH |(,

A linear relationship can be then written :

;rsh

koi>

te

ka

1 , Jw
:rsiii0 1 k-a

IRSHjo-1
The data show a plot of the value Г R SÍT versus————do.-s fit a linear imiation suclr 

............ k„i,
as in Fig. 7 at [ITT - = 1.333 M at at three températures (Tv Tj;. Te). The sIojk represents the 
ratio ka/ka

■3) The influence of potassium. ferroeyanide on kinetics.
The addition of K4Fe(CN)e to the initial reaction mixture, at constant ionic strength. results- 

in a decrease of the reaction rate in acidic medium. The kinetic effect is observed in J-'ig. 8.

Discussion. Conclusions on the réaction niechanisin. Our kinetic 
can be accounted for by assuming the following réaction sequenec :

KSH wtete RS- II

résulte

0)

(3>.

Thc step (3) is the ratc-detennining electron transfer process.

values with [RSH] 1 at 1.33 МП" 
Three different températures : 

291.5; 302.1 and 312:9 K.

ions on the reaction rate of thio­
malic acid oxidation bvFe(CX)R, 
291.5 K

IIClOj : 1.60 M
RSH : 4 x 10-2 M



96 M M. GIURGIU. I. BÂLDEA

Taking intő account the valut of the aciclic dissociation constant, K 
of the organic substrate, we can write then :
t c'

Fe(OX)jb + KSH Fe(CX)3(CXT.SR)1 - H - (4)

with : Kf K;l • K
The reaction scheine probable involves the rapid formation of soine iron 

(III) reactive intermediate, Fe(CX)-(CX-SR)1 '.
'Ve conclude that, the immédiate product of the electron transfer process 

is an iron (I) hexacyano complex, Fe(CX)j (?), rapidly stabilized to iron (II) 
liexacyano species :

IMCX.Ú 1-efCX.;; 2 Fe(CX)(l (5)
the final réduction product.

The retarding eilect of l'e(CX)(V on the réaction rate can be explained 
by the lormation oi a GN ' — bridged complex with the organic Substrate:

Fe(CX)f + RSH^ Fe(CfX)s(CX.SR)*--  AH' ’ (6)

The decrease of RSH concentration implies a corresponding decrease of 
the reaction rate.

There may be other explanations to bv taken into account for the influence 
of lù^CX)« ions on the reaction kinetics. A binuclear Fe(III)-Fe(II) complex 
species, inert to electron transfer, may be significant during the reaction course.

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

Fe(CX)5(CX.SR)‘- A RSH-—- Fe(GX)A A RS. A RSH (7)

2 RS. — -, R--S ■ S-R (8)

The reaction order with regard to the concentration of Fe(CN’)!- — the 
real oxidant species — offers a stroiig evidence that no iron (III) dimers are 
involvcd in the reaction mechanism.

By expressing the reaction rate b.v means of the rate for the rate-deter- 
mining step, we obtain finallv :

Í RSII )•'
к • Ka ■ K ---------;-----

r == - ——7^7 [Fe(CX)r J = kJ Fe(CN)«-J

As it can be observed, there is a complex dependence of the rate constant 
0:1 thiomalic acid concentration.
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ГН+]
values with—----- — at two tem-

[RSHj

TR SH]
1? i g. 10. The variation of ---------

hob

peratures.

a: 291.5 K 
b: 299.7 K

[H+]
values with----------

[RSH]
at 308.5 K

The fo’.lo.ving expression, for the influence of thiomalic acid concentra- 
ion, can be written :

[RSH] 1 1 [H+1
ki — к + к • Ka • K ‘ [RSH]

where kx is the first-order rate constant (identical with the experimental value 
коь)-

Fig. 9—10 show the linear dependence of the values
[RSH]
—---- on

kob

[RSH]
1i ai[H+] ’ at

three températures, in accordance with the postulated reaction mechanism. 
The values к and к • Ka • K, at (H+) = 1.60, are presented in Table 6.

Table â

The influence of température on thiomalie aeid 
oxidation by Fe(CN)|- ions.

IIC104 : 1.60 M

T, K к kKaR
kKaK

[M+]

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 lias bien evaluated from the c..; erimental 
values of the rate constants (Table 7).

Table 7

The apparent euèrgy i>t aetivaliun f«r the «xldatlon 
of thlomalle acid by 1-'е((Л)| Ions-

LRSH10, M Ea, K J пюГ1 Ea, KJ mol 1

2.85 X 10-2 16.70

3.07 X 10"2 15.90 16.20

5.00 X 10 2 16.2,5

6.67 X 1010-2 16.70

i ,i R. K. Ch о h a il, B. P. S i n h a, R. C. К a p о о r, J. Phys. Chem. 76, 3641 (1972).
l.b R. C. K a p о о r, R. K. C h о h an, B. P. S i n h a, J. Phys. Chem. 75, 2036 (1971).
1.C O. P. K a c h h w a 1 a, B. P. Sinha, R. C. K ap<;or, Indian J. Chem. 8, 806 (1970).
1 .<1 R. C. K a p о о r, (). P. K a vhh w a 1 a, B. P. Si n h a, J. Phys Chem. 73, 1627 ( 1969).
l.e I.H.Kolthoi f, B. J. M e e h a n. M. S. T s a o, Q. W. C h o i, J. Phys. Chem. ««, 1233 (1962..
l.f E. J. M ее h a n, I. M. К о 1 t h о f f, N. К a к i n c h a, J. Phys. Chem. 66, 1238 (1962).
1. g J- J- B ° B 11 i11 g. tv. W e i s s, J. Amer. Chem. Soc. 82, 4724 (I960).
2. G. D a s g u p t a, M. K. M a h a n t i, Pead. Kinel. Calai, l ett. 28, 153 (1985).
3. K.B.Wiberg, H. M a 1 t z, M.Okano, Inory. Chem. 7, 830 (1968).
4. I. M. L a il c a s t e r, R. S. M u r r a y, J. Chem. Soc. A, 2755 (1971).
5. î. R. Wilson, Pure Appl. Chem. 1 6, 103 (1966).
6. В. II. H a V s t e e il, Acta Chem. Scand. 19, 1227 (1965).
7. J. M, Swine h art, Coord. Chem. Pets. 2, 385 (1967).
8. j. Masek, H. Wendt, Inor. Chim. Acta., 3, 455 (1969).
9. a J. M. E s p e n s о n, S. G. W o 1 e n u k, Jr:ory.- Chem. 11. 2035 (1972).
9.b M. I). Johnson, R. G. Wilkins, Inotg. Chem. 23. 231 (1984).

Au average value of 16.20 kJ niob 1 bas bien detcimined. The lovv value 
of the apparent energy of activation can be interpreted in ternis of fast preequi- 
librium steps.

i
!< U E li U. E N C E S
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ÜBER EINIGE KRITERIALEN BEZIEHUNGEN IN NICHTSTATIONAREN 
KONDUKTIV-KONVEKTIVEM EIGENSCHAFTSTRANSPORT

LIVII 1ЛТЕ11ЛТ*

* Universität Ctuj-Napooa, Jakuitat für Chemie, 3401) Cluj-.Napocu, Rumänien

Ein^an^en nm 6. Oktober 1990

About some Criteriul Kelalions «n the Uusteady-Stule Transport of Property.
Prom the general matematical model of the conductiv-conveetive transport, raie 
suggest fór momentum, mass, heat and electricity the possibilité to grouping any 
similarity criteria as intrinsic and extrinsic relations. Between this groups they 
set up criterial. and scale-up relations. Through the analysed criteria there are 
mentionod 3 new criteria implicate in the mass, heat and momentum with elee- 
trical charge transport.

Einleiliiiitj. Der konduktiv-konvektive Eigenschaftstransport wird initfol­
gend en Differentialgleichungen beschrieben (vectoriell)

;7+ V(P • w) - á)ÁH’ + Sp • (U

wo das erste Glied dell nichtstationären Vorgang, das Zweite die konvection, 
das Dritte die Diffusion (den molekularen Mechanismus) und das letzte den 
Beitrag der inneren Eigenschaftsquellen beschreibt (chemische Reaktion, Wärme 
quellen u.s.w.) 13.

Wenn, aus verschiedenen Gründen, die allgemeine Differentialgleichung 
des Transports nicht gelöst werden kann (am häufigsten im Falle der technisch, 
industriellen Vorgänge), dann wird die Erscheinung durch kriterielle Gleichungen 
der Form

ЦКр K2, K3......... Kn) 0 oder Kj == CK? • K". .. K„ (2)

beschrieben, wo Klt K2, ... Kn Gruppt n undimensionalkr Grössen, und dimen- 
sionelle unveränderliche Grössen (Kriterien), und C, m, n, v experimentell 
gefundene unveränderliche Grössen sind 2, 4 .

Zu diesen kriterialen Formulierungen kann man durch einfache Verhältnisse 
von Gliedern derselben Differentialgleichung (intrinsccke Glieder), oder deren 
Homogenen bei der Beschreibung des Eigenschaftstransports (Verhältnisse 
extrinsker Glieder gelangen [41.

Zum Veranschaulichen wählen wir den eindimensionalen nichtstationären 
konvektiv-molekularen Eigenschaftstransport im izotropei! homogenen Medium
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(Ô> - koiist.) ohne innere Eigenschaftsqiielleii wiedergegeben durch die allgemei­
ne Gleichung

<H'

dt

<1 p

<lx (3)

den wir konkret für den Impulstransport (P ~ p\v und iS v), für die Wärme 
(P - pcpT und ® — a) und die Masse (P C und d) - - D) behandeln und zu 
dem der für experimentelle Modellierungs- und Simu’ationspiozesse interesante 
elektrische Ladungstransport (P---E und à) — c) hinzugefügt wird. [3, 5j.

Kriterien der Ähnlichkeit und kriterielle Beziehuii(|en aus Verhältnissen 
eigentlicher Glieder. Dimensibnell geschrieben, führt die Gleichung (3), durch 
das aufeinander folgende Rapportieren der nichtstationären Glieder (1), Kon­
vektion (2) und Leit:ähigkeit (3) :

p p Pt + wt=®~ (4)

(1) (2) (3)
zu der Bestimmung der drei Kriterien Kt(Ho), K2, (Fo) und K3 (Pe) der Form

Kj(Ho) - (wt)/l als Verhältniss (2)/(l) ; Ko!vekt:o,’i) '(Nichsttationarität) 
K2(Fo) ; (I)t) 1- (3) (1) ; (Konduktkm) (Nichtstationar’tät)
K3(Pe) -- (wl) D (2) (3) ; (Konvektion) (Konduktivität)

Anders gesagt, ein konduktiv-molekulaici nichtstationärer Prozess kann durch 
kriterielle Funktionen F(K1; K2, K3) 0 oder f(Ho, Fo, Pe) == 0, dargestellt
werden.

Durch Adaptierung der allgemeinen Gleichung (4) für <ku entsprechenden 
W ärmetransport 

gelangt man zu den bekannten Kriterien Ho(Sr), Fo und Pe die oben als Äqui­
valente der Kriterien Kp K, und K3 gebraucht wurden. Im Falle des Massen,- 
Impuls- und Ladungstransport, findet man immer das Homochroniekriterium 
(По oder Sr Strouhal) und gleichartige Kriterien Fourier (Fo', Fo” und Fo'”), 
bzw. Peelet (Pe', Pe” und Pe'”), die in Tabelle 1 angegeben sind.

Aus der Tabelle 1 ergeben sich einigen Schlussvolgerungen :
1. unabliänging der transportierten Eigenschaft, ist die Entwicklung (im 

laufe der Zeit) der Konvektiven Prozesse durch das Hoir.ocronie-kriterium charak­
terisiert, Ho (Sr, K,) ; (Beziehungen 1, 4, 7 und 10 aus Tabelle 1)

2. die Dynamik der molekularen Prozesse (Ktmdaktion, Diffusion) ist von 
der Diffusivität (a, v, I), e) der Eigenschaft in dem Transportmedium bestimmt, 
und durch die gleichartigen Kriterien Fourier Fo(K2) : Fo', Fo”, Fo'” (Bezie­
hungen 2, 5, 8, 11) bwchrieben

3. der Beitrag des konvektiver und molekularen Mechanismus zum Eigen­
schaftstranspart ist \on Peelet Kriterien Pe, (K3), Pe', Pe”, Pe'” (Beziehungen
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Ähnlichkeit^ Kriterien als Verhältnisse intrinsecker Glieder

Tabelle 1

Tri’Evportierte
Eigenschaft

Verhältnis 
von CEieder Kriterium Xr.

Wä-me (4/(1) (wt)/l = Ho(Sr) 1

(3)/(l) (at)/F = Po 2

(2)/(3) (wl)/a Pe RePr 3

Mas,а (4/(1) (wl)/l -- IIo 4

(3)/(I) (lit)/12 = Fo' 5

(2)'(3) (wl)/D = Pe' -, ReSc 6

Impuls (Moment) A/(i) (wl)/l = Ho 7

(3)1(1 ) (vt)/I2 == Po" = 1/Re 8

Ç2)/(3) (wl)/v Pc" .. . Re 9

E • eкtri sche L adung (21/(1) (wt)/l = IIo 10

(31/(1) (et)/l2 =- Fo"' 11

(2)/(3) (wl)/e -, Pe'" 12

3, 6, 9. 12) wiedergegeben. Diese sind eigentlich abgeleitete Kriterien : l’e =■ 
= RePr, Pe' = ReSc, u.s.w.. (z.B. Pe =- (wl).a [(wl)/a(v/v) ■ =
= [Ha w/a J = RePr) ' ’ '

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

5. das Kriterium Pe" (Gl. 9) ist identisch mit dem Kriterium Reynolds 
(Re) und Fo" (Gl. 8) ist mit dessen Kehrwert gleich. Ein spekulativer Stand­
punkt bezüglich der Kriterien Fourier (Fo, Fo', Fo", Fo'") zeigt einige intere­
sante Schlussfolgerungen. So folgt, aus dem Ausdruck des Kriteriums Fo, 
derwic folgt v.icdcrgeben wird:

at aal 1
F° p .... Iw Pe ~ RePr

dass der Kehrwert des Kriteriums l’e, und desgleichen des Produktes von Krite­
rien RePr ist. Da Re das Mass des Strömens (Konvecktion) und Pr(Pr = v/a) 
der Eigenschaftsdiffusion (molekularer Transport) ist ergibt sieh, dass im gesamten 
Transport (Impuls und Wärme in diesem Fall) der Anteil der zwei Mechanismen 
komplementär ist (FoPe = 1 oder FoRePr 1). Zur gleichen Schlussfolgerung 
gelangt man wenn man das Verhältnis der Kriterien Ho und Fo macht (Ho/Fo =
— Pe RePr und weiter Ho — FoPe --- FoRePr — 1), wobei man wieder auf 
das Kriterium Pe kommt, wobei die Reihe der drei Kriterien (f(Ho, Fo, Pe) ==
- F(Fo', Re, Pr), u.s.w.) schliesst. . '

Für die anderen Eigenschaftsformen folgt durch Analogie dass l'o' = 1 Pe' =- 
1/RcSc ; Fo" - 1/Re und Fo" - 1/I’e" = l/(ReBr).
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(7)

Гп der letzen Beziehung ist das Kriterium I’c" von der Form 

wo da> Verhältnis v e Br ein neues Kriterium i<t-Bratukrib riuni (hLis wir 
mit Bescheidenheit als Ehrenbezeigung Proffessors K n. Bratu vorschlagen). 
Dieses Kriterium, in der Literatur nicht erwähnt, gibt' für die Konduktiven 
elektrische Ladmigs- und Impulsproz.vss- , analog zum Piaadtl Kiiteiium l’i(va) 
für Wärme, Schmidt (Sc v 1)) für Masse oder Lewis (Le a D) für Wärme 
und Masse geben 4 .

Man kann bemerken, dass für jeden transportierten Eigenschaftstyp Wechsel 
Beziehungen zwischen Kriterien der Art Ho, Fo, Pc bestehen welche auch durch 
die Produkte RePr, ReSc, ReBr, u.s.w., wiedergegeben werden können, die die 
Konkurenz der beiden Mechanismen, konvektiv (Re) und molekular (Pr, Sc, 
Br) im allgemeinen Eigenschaftstransport betonen. In dieser Hinsischt erläutern 
wir den Fall des reinen Impulstransports (ohne jede andere Eigenschaft) wo 
Fo" ; 1,'Pe" 1/Re oder Fo"Pe" 1 oder Fo"Re 1. also ist Re das
Mass des Transports (q.e.d.).

Die Schlussfolgerung scheint überraschend (Fo 1/Re), weil dieses Krite­
rium Fo (und seine Analogen Fo', Fo", Fo'") eigentlich die Dynamik der mole­
kularen Prozesse (K2) zeigen und nicht die der kovektiven Prozesse, deren Mass 
das Kriterium Re ist. Dieser Gegensatz lässt sich erklären, wenn in der For­
mulierung der Kriterien Fo, das Geschwindigkeitsglied sich auf die Bewegung 
der molekularen Eigenschaftsträger bezieht, und so weist ihr lw Produkt, so wie 
bei der Beweisführung des Kriteriums Re (6 , die Proportionalität (das Ver­
hältnis) zwischen den makroskopischen und molekularen Grössen in der Charak­
terisierung der Bewegung auf.

Kriterien der Ähnlichkeit als Verhältnisse von exlrinseken Gliedern. Das 
Vcrhältnin der analoger Glieder aus den Transportgleichungen mit nominalisier- 
ter Eigenschaft (Paarwense konduktiv, konvektiv und nichtstatioär) führt zu einer 
anderen Gruppe von Kriterien und zu Masstabverhältnissen zwischen diesen Syste­
men. Dieses wird eigentlich zu Verhältnissen von Kriterien der Art К (Ho'; 
Ho" Ho’ u s.w.), K2 (Fo'/Fo ; Fo" Fo', u.s.w) und K3(Pe'Pe' : Pe'/Pe" Pe'"Pe'" 
u.s.w.). Wenn die Grössen aus den kriteriellen Gruppen derselben Natur sind, 
haben die Verhältnisse die Bedeutung von Masstabfaktoren (z. В. Ho Ho' - l 
wenn die Grössen w, t, 1 in de:; zwei Systemen gleich sind oder ihr Verhältnis 
■einheitlich ist und Ho Ho' # 1 wenn diese verschieden sind), und zeigt deren 
mengenmässige Korrespondenz in den gegebenen Systeme (Modell-Prototyp)

Im Falle der qualitativ’ verschiedenen Grössen, sind die Verhältnisse Krite. 
rien (z.B. :Fo"/Fo' - v D Sc; Pe'/Pe" (wl/D:wlw) v'D ’ ReSc/Re- Sc)- 

Wenn man nur die Bedeutung als Kriterien der neuen Verhältnisse in Be 
trachtung nimmt, für den Impuls, Wärme, Masse- und elektrische Ladungstrans 
port, so ergeben sich folgende Kriterien :

V Fo" Pe v PO " Pc' a
a “ !••<> Ре" ' I) !••«>' re ’ ’ 1л‘ I)

!•<>
Го'

Pe’

Pe

Se

Pr
(S)
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e
Br

e 1)

Pf

Pe' (9)
a

Alk- diese Kriterien sind Verhältnisse der TJigenschaftsdiffusivitäten (Impuls. 
Masse, Wärme, electrische Ladung). Die ersten (Br, Sc, Le) sind wohlbekannt 
in der Literatur (8), die Letzen (Br, Lt, L2) die den Konduktiven Transport 
■elektrischer Ladung miteinbeziehen (9) sind nicht erwähnt.

Schlussfolgerungen. Die Analyse des mathematischen Modells des nichtsta­
tionären Konvektivmolekularen Transports zeigt für Wärme, Masse, Impuls 
und elektrische Ladung die Möglichkeit der Gruppierung der Grössen und Glie­
der in Gruppen von Zahlen (Kriteriens) die aus intrinseken bzw. extrinseken 
Glieder; folgen. Im Rahmen jeder Gruppe, und zwischen den Gruppen bestehen 
kriterielle Beziehungen und Massstabsverhältnisse.

Zwischen dem analysierten Kriterien sind drei neue Kriterien erwähnt 
die in dem molekularen Transport von elektrische Ladung, Impuls, Wärme und 
Masse Vorkommen.
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THE REACTION OF SOMÉ DERIVATIVES OF l-(2-IYRIMIDINYL)-
PYRAZOLIN-5-OXE WITH HYDRAZINE HYDRATE

ЮЛХ CHISTEA*

* Ln/vouX Q! C.'ü,-.\cr D* parí-r.,vnt <>í Ot'jaiíic Chemis’.ry, J4CG Ciui-Napocu, l'r ean.a

June 20, V/-9

The 4-benzylidcne-l-(2-pyniuidinyl)-3-methyl-pyrazolin-5-ones la. . .d wtre 
reacted with hydrazine hydrate in boiling niethanol. As resuit of a hvdrazinolvse 
and a transhy Irazonatien, benzalazine (II) of the corn sponding aldchyde toge- 
ther with hydrazone of acetoacethydrazide (IX’) and pvrimidinylhydrazine deri­
vatives Va...-! w._-re obta’n/d.

.As an cxtention of our studios on the behaviour of sonie l-(2-pyrimidinyl)- 
3-methyl-pyrazolin-5-ones in réaction with hydrazine hydrate 11', лее report 
поле the sanie réaction of 4-benzvlidene-l-(2-pvriinidinyl)-pyrazolin-5-ones. 
(la. . .d). These conipunds were prepared by the condensation of the correspon- 
ding 5-pyrazolone derivatives with p-dimethylamino-benzaldehyde in basic 
catalysis Г2, 39

In connection with this cjucstion it is worth to note that previous works of 
A. Mustafa et al. ~4 and M. F. Kaschef et al. ’5 hâve shown that by the reac­
tion of 4-benzylidene-l-phenyl-3-methvl-pyrazolin-5-one (II) at room tempé­
rature, the benzalazine (III) and l-phcnyl-3-methyl—pyrazolin-5-one (IV) were 
obtaincd, while in boiling éthanol the 4,4'-benzylidenc-bis (l-phcnyl-3-methyl- 
pyrazoliii-5-one) (V) was fonnod.

PS Ph
V

Tn this way we intended to explore more cáréiul this réaction between sonie 
4-bcnzylidcne-l-(2-pyrimidinyl)-pyrazolin-5-oncs and hvdrazine hydrate.
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If the solution of the pyrazoloncs Ia...d 
and an excess oi hydrazine hydrate in methanol 
was boiled for 1,5 hours, we isolated as réaction 
products p-dimethylammo-bcnzalazine (VI), the 
pyrimidinyl hydrazine (Villa...d) and the hy- 
drazone of acetoacethydrazide (VIII).

Ia was reacted with hydrazine hydrate in mc- 
thanol also at rooni température for 4 hours. In 
this case in the crude réaction pipduct, the pyri- 
midiuyl-pyrazolonc (tautomeric form) IXa was de- 
tected by TLC, as show in Fig. 1.

The reaction with hydrazine hydrate is fa- 
voured by acid catalvsis.

Taking into aceount the above data, it is • 
suggested as the first step in the réaction of I 
with hydrazine hyclrate the nuclcophyle addition 
of the last one to the z, ß-conjugated carbonyl 
System, foUowed by a retro-aldolic Splitting up 
of the C — C bouiid, to give the Ixnzalazine VI and 
the pyrazoloncs IX. Subscquentlv the pyrazolones 
IX mact with the hydrazine hydrate in the way 
shown in our préviens work 1 i.

ê ©

I-' i g. 1. Thin laver chrotuato- 
graphv (TI.C) on the reactive, oi 
4-lx nzylidene-l-(2-pyrimidis:yll- 

pyrazolin-5-one (Ia) with hydra­
zine hyclrate.

a : reaction products, b : pyruiii- 
diîiyl-pyrazoloiie IXa (pure), c: 
pyrimidiiiyl-hydrazine Vila (pu­
rei, d; lrvdrazone of acetoacet- 
hvdrazide VIII (pure), e : com­

pound IA (pure).

a
ö c d

R = sQf-MCipp

o , R, -H ; R-.-0H
B.-R<CH3 ;Rj=OH 
c : Rt -CHj ; 
uRr-СИз jRjrOCHj

4 ’ CH3— b-------  CH2
Ä c=o

xNH2 \цн-МН2
■4ia..d VIII

The l-(4-cliloro-5,6-dinicthyl-2-pyrimidinyl)r4-forniyl-3-niethyl pyrazolin 
-5-оне (X) [6 is interesting for a réaction with hydrazine hydrate owing to the 
présence of three electrophilic centcrs in the molecule : the formel group, the 
position 4 substituted by the chlorinc atom and the ring carbonyl. If the réaction 
was perfonned in the conditions deseribed in the experimental section, the hydra- 
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zone of l-(4-hydrazino-5,6-<limetli vi-2-pyriinidinyl)-4-l'<>rmyl-3-methyl-pyrazo-  
lin-5-one (XI) was obtained in good vield. This shows that in this case no ring 
cleavage takes place, in spit of an cxcess ol the hydrazine hydrate.

This behaviour mav be assigncd to the electron-with drawing elfect of the 
CH y-XH2 (or CHO) which stabilize the pyrazolone ring.

'J if
%,-

Experimental. The puritv of the compound was checked by TLC siiiea gel Merck plates.
The ni.p. were deterinined in capilaries ami are uncorreçted.
The Tl.C were performed on silica gel Merek plates using Chloroform : methanol 5 : 1 as elucnt. 

The development was performed in saturated X-ehromatographic chambers. The détection was inadé 
with iodine vapours.

Réactions oith hydrazine hvdrate.

Réactions of la. . .d. a) To a suspension of 0.01 moles la. . .d in 25 ml methanol, 5 ml (0.1 moles) 
hydrate hydrazine, were added and the niixtude refluxed for 1,5 hours. After a few minutes 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 VIII. The chloroformic solution was 
evaporated and the solid VI recrystallized from éthanol, melts at 251 (lit. 250 -253 , /8/). Some data 
are listed in Table 1.

Table 1

llnmpuiinils isiilated hy the réactions ot I« . . . (I with hydrazine hydrate

Compound M.p. C,'lit. 1,7 Vield Compound M.p. C Vield

VI la 241/238 87 61

VU b 332/332 79 VIII 320 160

Vile 206/20(1 «5 58

VHd 115/116 75 65

b) To a solution of 0.001 moles la in 5 ml methanol, 0.1 ml (0.002 moles) 100% hydrazine hydrate 
and a few drops of HCl conc. were added and the mixture stirred for 4 hours at room température. 
After a few minutes the red colour of solution dissapeared. This solution was used for thin laver chroma- 
tography, using silica gel Merck plates.

The^results are given in Fig. 1.

Préparation of X. To a mixture of 50 ml ice-cooled DMFA and 25 ml POC1S, 10 g X was added 
The mixture was stirred at 70 for 4 hours. and tlien poured in ice. The pH was adjusted at 7 with
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■jlutioii XaIICO;{ IM, and allowed to stand at room température for two hours. The product 
s filtered aui the precipitate washed with water. The crude product was recrvstallized írom nietha- 
water 2: 1, m.p. 86 , Cn HnX.tO.>Cl(266,5). Calcd. 21.02, Found. 21.11' ’H-XMR spectrum 

3(ppm): 9.90 (СШ), s)ț 2.40 (CH3, s, pyrázol.j; 2.50, 2.62 (twoCH», s. pyrim.i.

Réaction V. To 0.23 g (0.001 moles) X in 10 ml éthanol 0.2 ml (0.004 moles) hydrazine hydrate 
re ndded aud the mixture boiled for 1 hour. After cooling the precipitate was filtered'. The précipi­
te, 0,21 g (80%) was racryst ilized from I).\IEA. Tinas pure XI was obtained,'m.p. 318 C. CuHleN8O 
6). Calcd. X% 40.57, Found. 40.8. lX —XMR spectrum, Ă (ppm) : 2.30 (CHJ( s, pyrazol.) ; 2.58, 
0 (two Cil., s. pyrimidin.); 4.15 (XII -XI%. rn). (CDCL).
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’N MEMÓRIÁM

Prof. dr. doc CANDIN LITEANU

Wíth deepest regret we noticed the death of professer Candin Liteanu after a long and be: 
illness Oll May 30th 1990. Being an outstanding teacherand researcher he initiateîl générations oi yoi 
people in persevering to study, to acquire knowledge and to discover new pathways in science.

Born on July 6th 1914 in a modest family of peasants in a small village in Transylvanie, ci 
graduation front two higher schools : Agronomy (1937, agrenomist) and Université of Cluj, Faci» 
jf Chemistry (1941), he earned his l’h. I). degrc-e in chemistry in 1945. He held academic positon: 
the sanie Université- of Cluj being professer of analytical chemistry fit m 1951 ti! 1 his retirement < 19' 
He was head of the Department of Analytical Chemistry 1964— 1977. Мету active in teaching and 
searcll he recognized the importance of fundamental work «lriving himself inuch too hard to contrib 
to the solution of sume acute problems in analytical chemistry. Professor Liteanu was verv muc 
káder and innovator with a forceful personality and much shrcwdness in the identification of reșca 
topics of. future importance. Ile initiated fundamental studios in the theory of the équivalence poin 
titrimetry, in chromatography (theory and practice of température gradient chromatography), ior.-se’ 
tive électrodes and Statistical theory of trace analysis based on signal interprétation. Being interest 
in the practicai aspects of the analytical chemistry too, he worked ont together with his numeror.s < 
laborators many ne w analytical methods for process control, ut the same time initiating the product 
on micro scale of ion-selective electrcdts and chromatographie materials rcquested by our indust

His publications include 341 scientific papers and 9 textbooks and monographs, respective 
si.me of them being translate«! and published abroad. His tevtbook on titrimetry appeared in 7 r 
ti< ns is a verv useful tool even today for those being inti rested in the study of analytical chemist 

.His didacticul and scientifical activité were recognized by awarding the title of „Honoured Scimtis
His death is a hea' y loșs not only, for our Facultv but for the whole chimica! Community in 

Country as well. Ile will be remerabered by all his puj ils, eolkagues and friends.

L. ККК2Г
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RECENZ1[

n e 1 И aiduc, Cristian Sil v e s t r u 
Oanometallies in Cnneer Chemotherapy, Vo­
nt I. Main Group Metal Compounds CRC- 
:ss lue., Носа Katón, Florida, 1989.

The book with the above title is the first 
lume of a monograph dedicated to anticancer 
ivity of the organonietallic cotnpunds, dea- 
g with the Main Group Metal Derivatives.

The book is written mainly for chemists 
;>rking in the synthesis of organonietallic 
npounds) as well as for people who investi- 
;e the biologic properties in general and anti- 
nor properties in particular. The related ás­
íts of toxicity, and other than antitunior 
dical lises were briefly touched, when possi-

In a short Introduction an overview of 
; fielet of organonietallic cheinistrv is presen- 
1 the question ,,what is an Organonietallic 
mpound ? is aswered, the ability of Main 
oap and Transition Metals to form organome- 
lic derivatives and the chemical bonding in 
ese compounds are mentionod in this chapter). 
is is followed by a short discussion of the me- 
>.1s of Antitumor Testing Organometallics.

The munter of pages and references are 
licative about the volume of information avai- 
>le 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 5), p. 129—165, 
•3 refs; Qrganolead (Chapter 6) p. 177— 180, 

refs: Organoarsenic (Chapter 7), p. 185 — 
7, 156 refs; Organoantimony (Chapter 8)
233 — 239, 88 refs; Organobismuth (Chapter- 
р. 243 — 244, 25 refs; Organotallium (Chapter- 

), p. 245-246, 16 refs.
Bach chapter begins with a general and 

Vtorical approach of the biologie implication 
organonietallic derivatives, followed by the 

ncussion of biologicul activity, toxicity and 
titumor properties in relation to the number 
metal-carbon bonds.

The results of in vitro an 1 in v i v о 
titumor Screening of organonietalloid and or- 
nometallic compounds are presented chrono- 
;ieally, and are classified based on their struc- 
re. When data are available, structure-acti- 
ly relationships are suggested. The results 
clinical trials of Spirogermanium and Ge- 132are 

also described. For soine type of organonietallic 
compounds considérations on the mechanism 
of antitunior activity are presented.

The book is presented in remarcable gra- 
p'iyc condition.

IA'MINIȚA SILAGHI-DUMITRESCU

Modern Thln-I.ayer Chroinatojjrapliy, Chro­
matographie Science Séries, Volume 52, Nein 
Grinberg, Ed. XII + 490 pp., Marcel Dekker, 
Inc.. New York, Basel, 1990.

Since 1956, when Stahl established thin- 
layer chromatographv (TEC) this technique 
becanie quicklv one of the most popular chroma­
tographie methods, as it is easy to carry out and 
inexpensive, allowing to saparate wide classes 
of compounds. TEC has several advantages over 
the classical coluinn operation. First, the overall 
throughput can be higher since manv samples 
can be plotted on individual plates and developed 
simultaneouslÿ. A second advantage is the po- 
tentially higher resolving power. This book 
documents the impressive achievements by 
researchers in TEC.

Preceded by a foreword by B. E- 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 TEC and the place of TEC among 
chromatographie techniques. Chapter 2 „Sta- 
tionary phases in TEC” by S. Gocan öfters a 
deep insight into the properties and characte- 
rization of stationary phases used in TEC. The 
coating materials for TEC 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 : préparation, 
nature of the surface, activity, effect of struc­
ture on the chromatographie 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 sélection 
are presented. This chapter contains 8 tables 
7 figures, lists, 58 references and, 35pp. in lenght. 
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The theoretical aspects of TEC are pre- 
sented also by S. Gocan (Chapter 4). This chapter 
provides valuable information on the kinetics 
of sample and mobile-phase migration throiigh 
the laver, on the influence of the vapor phase 
soluté interactions with stationäre and mobile 
phases and separability criteria in TEC. Ail 
problems are explained on a Sound theoretical 
basis, the pertinent relationships being presen- 
ted and thoroughlv analyzed. This chapter con- 
tains 4 tables, 5 figures, lists 246 referencis, 
and is oi 72 pp. in leght.

Chapter 5 „Quantatioii in tliin-laver chro- 
matography” by G. Szepesi discusses the pro­
blems of quantitative work in detail. T wo 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 
ont after elution of the spots in the chromato- 
plate. The separated Compounds сап be quanti- 
fied by colorimétrie, fluorimetric, spectrophoto- 
rnetric and otlier methods. The pertinent rela- 
tionships are also presented, .mainly those refe- 
ring to densitometry. The exact proof and éva­
luation of the suitability, correctness and préci­
sion of each chromatographie process, as well 
as that of instrumental components are examined 
in detail (validation). This chapter contains 10 
figures, lists 30 référencés and is of 34 pp. in 
length. The problems of instrumentation are 
discussed by G. Szepesi in Chapter 6 conside- 
ring the sample applications instruments, chamber 
Systems and détection Systems. The fundamental 
aspects of automation and computerization are 
also dealt with. This chapter contains 16 figures, 
lists 32 référencés, and is of 26 pp. in length.

Uniler the title ,,Special techniques” (Chap­
ter 7) by X. Grinbcrg, H. Halasz, S. AI. Пап and 
D. W. Armstrong the following topics are pre­
sented : continuons TTC, forced-flow TTC, bi­
dimensional TTC, gradients (elution, tempéra­
ture, stationary-phase) in TTC, chiral sépara­
tions in TTC and preparative TTC- This chapter 
contains 10 tables, 68 figures, lists 258 référencés, 
and is of 121 pp. in length. Chapter 8 with the 
title „Mobile phase and time optïmizationa” is 
by R. Blanco. The low cost of chromatographie 
supports and solvent Tender 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 
lfigures, lists 26 référencés, and is of 17 pp. in 
tength. The topics covered by the last two chap- 
ters include a study of „Relationship between 
thih-layer and column chromatography” (Chap­
ter 9; 12 pp.) by X. Grinberg and „Perspecti­

ves in thin-layer chormatograpbv” (Chaj 
10 ; 15 pp.) by J. C. Touchstone.

Overall, this is a well writtin, edited ; 
produecd book. The authors hâve attailied tl 
goals with this text, which is extri mly délai1 
ami encompass a large amount of knowleC 
Ail chapters are well prganized being documen 
with more than 1400 bibliographie citations 
nseful table of contents, that is judiciouslv 
vided into a uumber of subsections, und a go 
composite subject index at the ind of the b< 
are helpful in a rapid orientation. There A 
difficulty in beating a particular topic, .'iii 
all. „Modern Thin-Layer Chromatography” 
an oiitstanding resource for chroinatographt 
analytical, organic and forvnsic chemists. 1 
ehemists, phannacists, biotechnologists, i'.s v 
as for gradiiate students in thise discipüi 
The level and the content of the presantul 
are such that both n-wcom: rs an 1 more exp 
vneed practitionirs involved in TI.C will 1 
this monograpli viry usefrd.

RE К El

IToeeedings of Ilie Fourth Internat io 
Symposium on Instrumental High 1‘erior mai 
Tbln-I.ayer Chromatography (l’lanar (thron 
togrnphy) Sclvino’/Bergamo, Italv. Septem! 
22- 25, 1987. Edited by H. Traitler. Л. Stud 
R. E. Kaiser; Published by the Institute 
Chromatography, Bad Dürkheim, FRG.

The volume comprises a uumber of 
papers which extend on 468 pages. By look 
at the contents of the papers, we eau see G 
most of them deal with quantitative determi 
tions using adéquate instruments: TEC-Scaa:- 
UV-Vis and Fluorescence; Iatroscan TEC; i k 
System clearlv assisted by calculation tcchn:-.; 
As to the fields of application they covi r a v 
area of Compounds írom a vast numlxr of cl 
ses. One of the papers which draws onr attent- 
refers to the use of hidrophilic modifiid sorbe 
(amino, cyano anii diol) by Jost and Hai: 
The development techniques are also près*  
in the volume by the Camag automated gradii 
technique. The papers using the OPEC svst*  
are present too. We hâve to mention a nove 
in this field, that is the paper : High presst 
planar liquid chromatography’ by Kaiser a 
Rieder. Then is another group of papiers wir 
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 nt 
way and due to the quantity of information 
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contains it should lie present on the book-shelvs 
of ail those interested in the practicai and theore- 
tical problerns of thin-layer chromatography.

S. G ОСАХ

l’roeeediiiy of the International Symposium 
on Instrumental Thin-l.ayer Cliroinul<*||rapliy  
Planar Cliromatoftraphy, Brighton, Sussex .U.K.. 
Februare 21 24, 1989. Edited by R. E. Kaiser;
Published lie the Institute for Chromatography. 
Bail Dürkheim, PRB.

The volume contains 46 papers, but some 
of them are in abstract form. The papers Ihat 
deal with the quantitative détermination assis- 
ted by calculation technique are in grcat number 
but we vont disctiss them. We are going to re­
view a great nuniber of papers, deaiing, with 
diverse problerns which point to the high level 
of TEC, nowadays. In the field of détection: 
there is a new detector for radiochromatography 
(the digital autoradiograph) which measures 
the position and intensitv of the 2-dimensiomil 
distributions of ionizing radiation from radioiso­
tope lab-'lled TTC plates (H. Filthuth). The 
possibilité of direct analysis of IIPTEC- plati s 
by laser microprobe mass spectrometry has also 
been demonstrated. There are also applications 
of TEC and IIPTE't-mass spectrometry il. D. 
Wilson). E. Koglin shows the possibilité of the 
acquisition of Raman spectra from IIPTE.C 
spots down to 1 gm in siz.e or other forms of 
microsamples approaching the fentogram level 
in mass. The surface of the thin laver was acti 
aated by using silver colloïdal. 'Ehe oïl-lin? cou- 
pling between ПРЕС and automated multiple 
development (K. Burger), is also present. The 
problem of eluent optimisation is dealt withinthe 
following papers : Fast optimisation of the sol­
vent composition in TEC using a multiple deve- 

loping chamber (II. Keuker et al.i; also: multi­
ple development — a new gradient elution Sys­
tem to realize quiker séparations of autraquinoue 
glycosides (A. Koch and Jj. Kralls) ; trends in. 
analytical forced-flow planar chromatography 
(Sz. Xyiredy) ; recent advances in overpressury 
layer chromatographv (Newton R.l.

There is another group of papers deaiing 
with Separation of enantiomers : TBC enantiome- 
rie resolution (J. Martens et al.); séparation 
of enantiomers in TEC. (M. Marek and II. E. 
Hauck); enantiomeric Separation of aminoal- 
coliols by TEC using a chiral counter ion in the 
mobile phase (Anna-Maria 'fivért and Asa 
Backman) and préparation and application of 
TEC plates for enantiomer séparation (P. E. 
Walli. Another aspect of reversed-phase TEC 
is that of using capacité factors for prédiction 
of hyilrophobicitv of ionogenic aromatic hydro- 
earboiis (P. de Vooggt et al.); Reversed phase 
ion-pair high performance TEC (G. P. Totnkin- 
soii et al.). T. Spurway et al. describtd yirelimi- 
nary results obtained for a limited nuniber of 
Compounds using C..-18 and cyanbpropyl bon-
ilol TEC plates for chromatography of X-. oxide
métabolites.

In the end. we shall speak of two papers 
v.hicii eomincnt oti the future of TEC : Multidi- 
mensien il ;.n 1 multimodal TEC pathway to 
the future (C. F. Poole et al.); planar chromato- 
grajihv : state of the art and future trends 1R. E

The papers comprised in this volume hâve 
the aim of presi nting the stage of iii. velopmi nt 
of inst' umi ntalization in TEC. The volume, m 
ali it, diversity is a unitary work and of a great 
interi .) for all r.'searchers in planar eliromuto 
graiih'.’,

S. G.OCAN

Tiparul executat la
Imprimeria „ARDEALUL'- Cluj,

Ceia; 122 1990





în cel de al XXXV-lea an (1990) Studia Universitatis Babeș- Bolyai apare !n următoarele serii : 
matematică (trimestrial) 
fizică (semestrial) 
chimie (semestrial) 
geologie (semestrial) 
geografie (semestrial) 
biologie (semestrial) 
filosofie (semestrial) 
sociologie-politologie (semestrial) 
psihologie-pedagogie (semestrial) 
științe economice (semestrial) 
științe juridice (semestrial) 
istorie (semestrial) 
filologie (trimestrial)

în the XXXV-th year of its publication (1990) Studia Universitatis Babeș-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 Babeș-Bolyai paraît dans les séries suivantes: 
mathématiques (trimestriellement) 
physique (semestriellement) 
chimie (semestriellement) 
géologie (semestriellement) 
géographie (semestriellement) ~’’-
biologie (semestriellement) •  -----
philosophie (semestriellement) 
sociologie-politologie (semestriellement) 
psychologie-pédagogie (semestriellement) 
sciences économiques (semestriellement) .
sciences juridiques (semestriellement)
histoire (semestriellement)
philologie (trimestriellement)
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