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STUDIA UNIV. BABES-BOLYAI, CHEMIA, 21{1976)

INTERFACE FOR DIRECT INTRODUCTION OF CHEMICAI, DATA INTO
FELIX CE-33 CALCULATOR

E. CORDOS and CATALINA DIMITRESCU

The data provided by an instrument or device used in chemical analysis
seldom are in their final form. The data are handled in a certain manner and,
depending on the obtained results, the experiment is directed in a way or another.
The use of a computer ,,in line” is motivated when a large number of data and
operations must be handled. For a reduced number of data a smaller calculator
is suficient.

In a previous work [1] the possibility of automatic operation programming
on a Felix CE-33 calculator has been demonstrated. This was accomplished by
means of an auxiliary memory circuit. In the present paper a forward step is
made by presenting a circuit for direct data introduction into the machine. In
other words the calculator is ,,in line’” with the chemical instrument.

Principle. The data in analog form, provided by a chemical analysis instrument are converted
in digital form by a dual-slope analog to digital converter (fig. 1). The pulses from converter are coun-
ted by a four decade counter. Through a multiplexer the data from each decade are introduced in
a decoder. The data, in a binarydecimal form are converted into Johnson code [2] which is the code
used by the machine. By means of an adapter the digits are sequentially fed to the machine inputs.
A four digit number is displayed on the screen. It could be handled manually or by using the progra-
mming circuit.

It could be seen from the figure 1 that the analog to digital converter, the time base and the
counter form a digitvoltmeter. The logic control circuit sincronizes the digitvoltmeter with the

CHERICAL
INSTRUMENTAL
SYSTEM

ANALCG T

“ LY CAD? BINARY
{OUNTER - JONSCHY (0GP
OiCODER

Fig. 1. Block diagram of Digital instrument-Felix CE-33 Interface.

multiplexer and binary-decimal to Johnson decoder. A dual slope A—D converter Heath EU-900-
EA, a four decade counter Heath EU-800-DD and a time base Heath EU-800-KC have been used.
For the rest of the circuitry each section of the bloc diagram have been wired on an independent
card.

The multiplexer (fig. 2) was built from integrated circuits CDB 400 E and CDB 440 E IPRS
Baneasa. The first stage of the circuit (upper side of the figure) is made from 16 two-input Nand gates.
One input of each gate is connected to one of the counter cutputs and the other to a decade control.
A ,,1” at one of the decade controls makes the corresponding number to appear at the output.
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I'ig. 2. Multiplexer circuit.

Binary-decimal to Johnson code decoder. The counter used in this interface is a four de-
cade binary-decimal counter. The counter outputs cannot be directly connected to the calcula-
tor since this is designed to use the Johnson code. The correlation between the two codes is shown
in table 1.

The decoding is accomplished in two stages, easy to recognize in figure 3. In the first stage
the binary number is decoded in a pseododecimal mode by gates Gl to G9. The transition to Johnson
code is made by gates G10 to G16. The principle is a simple one: considering digit 4, the output
of G4, which would be at,,1” is connected directly to G14 and G15 and reversed tp G10 and GIL
In this way the outputs of gates G12 to G15 will be at ,,1”, as indicated in the table 1. The

Table 7 @ e -
Binary-decimal code- Johnson code —
correlation E@“
IR R
Binary-deci- T | -
Num- myal Johnson code -—1 Sl £>>——OA 10 CHANNEL §
ber £ R
8 42 1{EDCBA L Y i —+ -
J.DC Cgo—a—omcmwal
0 0O 0 0 0]0 0 0 0 O o d ‘
2 } ¢ g
1 00 0 110 0 0 0 1 3 »jﬂ}y ) FBD—COWCMWELQ
2 {001 0{000 11 § L[ ) 5
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3 oo 1foo0 111 % 8 B o e
o 1‘ 1 -
4 o r oo 1t é ! L‘;ﬂs}:r.—‘haq_m,_g e ;eo—e——oracmwu&
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6 {0 1 1 01 1 110 #——r@)_; I
7o 1 1 1|1 1100 | ’
S P ,
8 /1 00 01 1 00 0 . oo T
9 11 00 1j1 0 0 0 O Pig. 3. Binary-decimal to Johnson code decoder circuit.
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gates G17 to G21 have the role of inverters and controls. When a4 ,,1”" is applied to this control
then the outputs, in Johnson code, are fed into the adapters and the respective digit displayed on
the calculator screen.

Control logic civeutt provides pulses which activate various controls. The main part of this cir-
cuit (fig. 4) is a ring counter made from five flip-flops (FI*-A to FI-E). This circuit has at ,,1”

TO  MULTIFLEIER  OFCADE  CONTROLS

¢ ¢ e i o W ? v
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Fig 4. Logic control circuit.

only one input at a time. The ring counter receives toggle pluses through a Nand gate (0G24)

which could be closed by the FF-I. At the ,start” pulse, the Q FF-F goes to ,.1” and 24 opens,
allowing pulses to be fed to the ring counter. At each pulse a digit is introduced into machine.
The digit introduction involves two stages. At the beginning one of the ring counter output goes
to ,,17 selecting the digit by means of the multiplexer. Then during the second part of this period
a short pulse is fed from gate (25 to the digit introduction control of the decoder circuit. Only
then the digit is displayed on the screen.

Conclusions. The presented interface could be built from integrated circuits
easily available. It allows direct data introduction into calculating machine
In this way the calculator could be used as a simple display for digitvoltmeter
or as a calculating device ,,in line” with a chemical instrument.

( Received June 10, 1974)
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INFRARED ABSORBTION SPECTRA OF SOME 3-PHENYILANTHRANILS

IONEL HOPARTEAN, SORIN MAGER and MARIA TONESCU

The infrared absorbtion spectra of some heterocycles as isoxazole (1] and
benzoxazole [2] have been amply studied but there are only few information
[83—7] concerning IR data about 3-phenvlanthranils (benzisoxazoles).

In order to bring more information and to facilitate the interpretation of
some spectral data of 3-phenylanthranils I—IV, the IR spectra of 6-nitro-3-(4'-
chlorophenyl)-, 6-nitro-3-(4’-bromophenyl)-, 5-chloro-3-phenyl-, and 3-(4’-amino-
phenyl)-anthranils were also run and were compared with those of the substituted
izoxazole [3—7].

I R,=R,=R,=R,=H; R - NO,
R,'

II R, =R,=R,=H; Ry = OCHy; R = NO,
III R, = R, = H; R, = R, = OCH,; R = NO,

. NG I
IV R, = R, == H; R, = R; = OCHj; R = NO, 7 :0

8 |
17

vV R,=R, Ry~ R, =R =H RN

Taking into account the spectral IR studies of some penthaheterocycles
condensed with the benzenic ring, Sullivan {[2] showed that the absorbtion
bands of the studied heterocycles occured at: 1600, 1460, 1390, 1310, 1270, 1250,
1200, 1160, 1100, 1060, 1020, 950, 890, 850, 800, and 750 cm™. Rao [8]
showed that the frequencies of the stretching vibrations of the aromatic ring
have been found in the spectra of the heterocyclic compounds too, in the same
region 1700— 1300 cm™ ; butitis very difficult to differentiate the characteristic
vibrations of the C=C and C=N bonds because
of the possibility of the complex interaction
which can occur between these vibrations.

Table 1

vibrations eof 3-phenyl-

V-

The stretching vibrations of the nitro group " anthranils 1—1V
in the 3-phenylanthranils I—IV are shown in _
table 1; they have been assigned by comparison . vso, |8vxo, | Yxo, | Avyo,
the IR spectra of the 3-phenylanthranils with an—l - i
those of the corresponding reduction compo- poue asym. {em—1) | sym. (em—1)
unds (2,4-diaminobenzophenones) and V. The
values presented in table 1 show that the wvyo, i |isesit| 0 1352i! 0
symmetrical frequency as well as the assym- IH i§g§3_i ‘%—2 igle f(l)
! 3 H H . E 561i — 3521
metrical one, differs only slightly along with v lisesi ol 1350i| -2

the number and the position of the substituents

in the 3-phenylanthranils. The vyo, asym. bands i« wtense: Positive values show shitts
. : e —1 ol in the direction of higher frequencies an e
occur in the range 1565—1490 ¢m™! as in the negative one in the revere direction.
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aromatic nitro compound substituted in para beeing shifted towards the upper
limit of the interval because of the electronwithdrawing character of the isoxazolic
Ting.

gThe C—H sym. and asym. stretching vibrations of the alkoxy group in the
3-phenylanthranyls II—IV occur at 29882835 cm ™!, the rocking vibration
(y,) at 1194—1139 cm™* and the sym. and asym. Caran — O — Carom, stretching
vibration at 1273—1004 cm™1. They are all in agreement with the values given
by Briggs [8] for similar compounds and are presented in table 2.

Table 2
Alkoxy characteristic vibrations of 3-phenylanthranils (IT—IV)
veyt vibrations of CH—0—Ar Yo vibrations of
¢c—-0-C
Compound
Vas VS Yt Yas YS
cm~t cm—! cm—?! em—1 cm—?!
11 2988i 28571m* 1188i 1142 12681 10181
111 2970m 2838m 1194m 1139m 12601m 1004i
2940m 1181s
v 29556m 2848m 1184m I 1139m 1273i 1019m
b 2976 —2941 2857 —2833 11921175 t 1178 - 1048 | 12711242 | 10421000

* s, == medium; **% Vibrations of alkoxy groups in aromatic derivatives given by Briggs (8.

The cycle frequencies, characteristic for the 3-phenylanthranils, occur in the
range 1640—1367 cm™! and are presented in table 3.

Table 3

The e¢yele frequencies, characteristic for the 3-phenylanthranils 1-—-V.

;«?1?:1—(] Ve stretching vibrations {cm—1) The ring b(lc‘i?ﬁl})l ng modes
1 1639m 15551 1519m 1457m 1415w* 1022w
16091 15091 1442m 1399w
11 16351 15791 15241 14601 1400m 1029m
1608i 1508i 1440i
1334 1639m 1587i 1509i 1465m 1420m 1023m
1619w 1552i 1440i 1384m
v 1638w 1585m 15191 1474m 1413m 1028m
1603w 1518i 1463m 13841
14521
1434i
v 1640m 1590w 1528m 1460m 1403m 1008w
1559w 1503m 1437m 1383m
1488w 1357w

AW = Week
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From the data of the table 2, one finds that in the 3-phenylanthranils the
hands Lorresponding to the three characteristic absorbtion ranges of the substi-
tuted isoxarolic ring (1] are to be found at about 16001558, 1460-—1431 and
1367 em™! (superposed with the characteristic bands of the substituted benzenic
ring). One observes also the presence at 1600—1625 ¢m™1 of the characteristic
aromatic vee vibration bands, the shift of the absorbtions bands, towards bigher
frequencies, as well as the modifications of the inteusity of the bands as compared
with the substituted izoxazoles. :

The most intense bands occur at about 1510 ¢t The ring breathing modes
having variable intensity, occurs in the spectrum of 3- phenvhnthlamls toe, at
about 1028 ecm ™1, its frequency has a similar value to that one of the ring breathing
modes of the isoxazole [1] (table 3). The absorbtion bands (of variable intensity)
of the aromatic C—H stretching vibration occur in the range 31333020 ¢m 7,
The number of the bands changes from two to four, depending on the position
and number of substituents. The fundamental band for 3- phcn)lan‘chra'nx oceurs
at 3070 em ™, for 6-nitro-3-phenilanthranil at 3102 cm™?, and for 3-pheunvianthra-
nils IIT g1 IV at 3090 cm™.

The rocking vibrations of C—H bands in the heterocyclic compounds occur
in the range 1 io()— 1000 ci—*. The analytical importance of the absorbtic: bands
characteristic for the in plane bonding vibrations of the ring C—H bonds s dimi-
nished by the {act that one of them has a low intensity and by the ract ‘that
in the same range a big number of other vibrations (ve—e, ve—g, €t} oceur.

In the 900—700 cm™! range a number of intense absorbtion bands eccur,
due to the out-of-plane bending vibrations of the aromatic bonds {v.y) of the
benzenic rings in the 3-phenylanthranils (I—IV). These bands depenu on the
awmber and the position of the substituents in the molecule {table 4). The wtro-

Table 4
vep  Vibrations of Z-phenyianthranils TV
! v vibratiouns of the benzenic rings cm 1
Compound CH ‘ z .
monosubstituted } 1,2 | 14 ! 1,2.4 L
i ! z
I 715m | 734 782i — | 825 881m
705w — | — I 810w 851m
11 — 7 %81 982i 8351 ! 802m 896m
— — - i 852m
111 — 732i 7801 8321 j 8 1 ()1 890w
— — — - [ 845m
v — 752w 783i 8361 810m 8831
- 799i 770m , | : 853
v 705m 7601 7811 | -
693m — — — |
I
I
* | 710690 770-730 | 771735 830810 825 —805 885 -870

* Yol vibrations of the substituted benzenic ring [9].
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ductionus of the nitro and methoxy! group in the phenyl respectively benzizoxa-
zolic ring of the 3-phenvl-authranilic system It brings about the appearance in
table 4 the characteristic bands in the same range as in the mono, di (1, 2; 1, 4)
and trinitrosubstituted benzene. The data presented in table 4, show that the vy
vibrations in the 770—730 cm™! range, characteristic for the monosubstituted
aromatic compounds, are superposed with the same vibration manner of the
ortho-disubstituted rings. The two kinds of substitution can be distinguished by
means of the 710-—-690 ¢m ™! band, which occurs at the monosubstituted aromatic
compounds. The values for the v.q vibrations arc in agreement with those given
i the literature 79 and may be used as analvtical bands for the establishing of
the type of substitution in the 3-phenylanthranilic ring. At the 3-phenylantiiranils
111V a strong absorbtion band occurs at about 830—836 cm™! corresponding
to the para-disubstituted benzene ; shifted towards the upper limit of the inter-
val. The strong bamds at 735 -+ 10 ecm™ ' and 780 <4 5 em™?! characteristic for
the ortodisubstituted benzene occur too.

Experimental paet. The 3-phenylanthranils I—IV  have heen prepared by the condensation
of the 2.4-dinitrobenzaldehide with benzene, anisol, dimethoxvhydroquinone and dimethoxyeatechol
in acidic medium, in 30—409, yields {10—13_.

3-Phenylanthvanil V. To a solution containing 4.5 ¢ natrium  sulfide in 20 m! methanoi, 1 g
of 2-nitrobenzophenone was added and the mixture was refluxed for 9 hours. The Lot solution
was filtred and after cooling, a yellowish crystaline precipitate was obtained. After two cristalisations
in aqueous methanol the compound las the m.p. = 52° 14

C,H NO (195,5) caleulated: C 80.02 H 4.63 XN 7.16
found: ¢ 80.25 H 443 X 7.00

The IR spectra were run in KBr pellet using a UR-20 Carl Zeiss Jena spectrophotometer.

{ Receteed Auoest 30 19745
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STUDIA UNIV. BABES-BOLYAI, CHEMIA, 21 (1976)

INTERFACIAL TENSION IN BENZENE-TRIBUTYLPHOSPHATE/AQUE-
OUS ALKALINE-EARTH NITRATE SYSTEMS

ZENO ANDREI and EMIL CHIFU

Tri-n-butylphosphate (IBP) is frequently used as an extracting agent for
several inorganic compounds, especially for nitrates, this use being related to
the formation of complexes [1].

In some previous works we studied the formation of TBP complexes with
lithium nitrate {2], copper nitrate [3] and nitric acid [4] by means of liquid/liquid
interfacial tension measurements. The significance of such measurements consists
in the fact that, obviously, the extraction process develops through the liquid/liquid
interface.

On the other hand, it was shown that the minima (gencrally the extrema)
of surface tension [5] or interfacial tension [6] can reveal, at certain compositions
of the system, complex or molecular associate formation [7].

In what the TBP interaction with calcium and strontmm nitrates is concer-
ned, Healy and McKay [8], by composition measurements in the bulk
phase, find a combination ratio for TBP/Ca(NO;), equal to 3 :1, but, more recently,
Mikhailichenko, Klimenko and Bulgakova [9] find, for both
compounds, a combination ratio equal to 2:1. By studying the interaction of
TBP with the above mentioned nitrates, in monolayer at the air/water interface,
Ferroni and Ficalbi [10] ascribe the value of 3:1 to the combination
ratio for TBP/nitrate.

With the aim of contributing to the elucidation of this problem, we studied,
in the present work, the interaction of TBP with alkaline-earth nitrates (of calcium
and strontium), by means of interfacial tension measurements at the benzene/wa-
ter interface in equilibrium conditions.

Experimental. The liquid/liquid interfacial tension (s) was measured with a double-wired teu-
siometer (117, using a platinum ring, at 25 -+ 0,2°C. The accuracy of the interfacial tension measu-
rements was of 4 0,05 dyn/em. Reagents of the appropriate purity were used : TBP p.a.,,Schuchardt”
— Miinchen, calcium nitrate and strontinm nitrate p.a. ,,Reactival” - Bucuresti. As aqueous phase
doubly distilled water was employed.

Results and diseussion. In order to decide on the nature of the interfacial
tension minima (or extrema) in the systems benzene solution of TBP/aqueous
alkaline-earth nitrates, the surface activity of each participant (TBP and, respec-
tively, calcium and strontium nitrate) to the complex formation was first studied
at the benzene/water interface. The interfacial tension vs. concentration isotherms
for the partial systems: benzene-TBP/water, benzene/aqueous calcium nitrate
and benzene/aqueous strontium nitrate do not exhibit any minima (or extrema).
At the same time, at the benzene/water interface, TBP has typical surface-active
properties [3-—4], while the alkaline-earth nitrates do not manifest such pro-
perties.

To plot the interfacial tension vs. councentration isotherms of the global
systems benzene-TBP/aqueous alkaline-earth nitrates, measurements were perfor-
med on samples in which the TBP concentration was kept constant, 0.1 mole/l,
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and the alkaline-earth nitrates concentration was increased up to the appr. 1:1

molar ratio TBP/nitrate.

In the Fig. 1 the isotherm obtained in this way for the system benzene-
TBP/aqueous calcium nitrate is represented. The existence of a minimum at a
I'BP/nitrate molar ratio equal to 3:1 is recorded. Similar data were also obtained
in the case when the aqueous phase contained strontium nitrate instead of calcium

nitrate. Our results plaid, in
this way, for the formation of
complexes between TBP and
alkaline-earth mnitrates in the
combination ratio of 3:1, 1in
agreement with data of Healy
and McKay (8] and Fer-
roni and Ficalbi [10].

Since the formation of these
complexes takes place with a
lowering of interfacial tension
(see the minimum in Fig. 1), the
given complexes are more surfa-
ce-active than the reactants,
TBP and the respective nitrates
2.

A more complete picture of
the surface-active character of
the studied complexes results
from Fig. 2. Here curve 1 repr-
esents the interfacial tension vs.
TBP concentration isotherm for
the system benzene-TBP/water ;
curve 2 represents the interfacial
tension isotherm for the same
concentration interval asin curve
1, but in this case the system con-
tains, in addition, in the aqueous
phase the alkaline-earth nitrate,
the concentration of which was
established so that the molar
ratio TBP/nitrate should be each
time equal to 3:1 (in agreement
with our data concerning the
combination ratio in the com-
plex). One finds that the expe-
rimental points for the systems
benzene-TBP/aqueous calcium
nitrate and benzene-TBP/aque-
ous strontium nitrate practi-
cally lie on the same isotherm

283

28.2%

281}

280

0 (dyn/fm;

279

27.8¢

277

t,-;l![n\
6o 1 2 3 4 5 6 7 8

cx10* (mole/1)

Pig. 1. Interfacial tension variation of the system 0.1
mole/l TBP in benzene/aqueous calcium nitrate as a
function of the calcium nitrate concentration.

0 (dyn/cm)

- VR R
Cx10* (moleft)

Fig 2. Interfacial tension vs. TBP concen-
tration isotherms for the system benzene-
TBP/water (curve 1) and for the systems ben-
zene-TBP/aqueous alkaline-earth nitrate at
constant [TBP]: [nitrate] ratio equal to 3:1
(curve 2: O Ca{NOy,),; A Sr(NOy),).
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(curve 2), that is the surface activity of the two complexes must be approximately
the same. At the same time, this isotherm (curve 2) is situated below that onc
of the benzene-TBP/water system (curve 1). The formation of the TBP-nitrate
complexes leads, therefore, in the entire concentration domain we have studied,
to the diminution of the interfacial tension of the system.

In order to estimate the surface activity of the studied complexes, the fol-
lowing quantity was calculated, using the data from Fig. 2:
tim {— 0—6} .

de

o ()

In the case of the benzene-TBP water system {curve I) vhich contains the more
surface-active reactant (TBP), the above quantity is:

4 4 < 108 dyneem2omol
while for the system benzene-TBP/aqueous alkaline-earth nitrate (curve 2), in
which the complex TBP-nitrate :.\151>, an almost double value is obtained:

8- < W dyn-em2omol .

Thercfore, the TBP-alkaline-earth nitrate complexes are, obviously, more sur-
face-active than the reactants.

In conclusion our measurements on systems made by benzeue soiutions
of TBP and aqueous alkaline-cart!y nitrates (of calcium or strontium) reveal a
liquid/liquid interfacial tension minimum at the molar ratio TBP/nitrate equal
to 3:1. This minimum is related to the complex formation in the above mentioned
combination ratio. At the benzene/water interface the given complexes are tuore
surface-active than the reactauts, in the studied concentration range.

{ Received May 19, 1973)
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NEUE ANATATIONSPRODUKTE DES NITRO-AQUO-BIS-DIMETHYL-
GLYOXIMATO-KOBALT (I1I) NICHTELEKTROLYTS

GHEORGHE MARCU, CSABA VARHELYI, EVA DAKO und LASZLO RADULY

Viele gemischte Nitro-komplexe des Kobalts (III) entstehen durch die klassi-
sche Luftoxydationsmethode. In diesem Falle erhilt man eine Mischung verschie-
dener Komplexformen.

Nitro-komplexe entstehen leicht aus Hexanitro-kobaltiat : [Co(NO,)4]>~ durch
Substitutionsreaktionen mit Komplexbildnern.

Wie aus Abb. 1. ersichtlich ist, kénnn die koordinierten Nitrogruppen durch
Mono- und Diamine (NH,, Athylendiamin, Propylendiamin, Dipyridyl, Phenan-
throlin), Cyclam (1, 4, 8, 11-Tetraazacyclodecan), Aminosauren, Dicarbon-
sduren (Oxalsdure), B-Diketone (Acetylaceton: acac. H), «-Dioximen, usw.)
ausgetauscht werden.

Abhédngig von der Natur des Losungsmittels, des pH-Wertes, der Temperatur,
usw., fithren diese Ligandenaustauschreaktionen im allgemeinen zur Bildung
von cis- und trans-Dinitro-komplexen in verschiedenen Verhaltnissen [1—3].
Wie aus unseren fritheren Arbeiten hervorgeht [4—86], entstehen Dinitro-
komplexe bei der Substitution des [Co(NO,)s]3~ mit a-Dioximen nur in einer
einzigen geometrischen Konfiguration. Die schr starken O—H..O Wasserstoff-
briickenbindungen, welche die planare geometrische Anordnung des Co(diox. H),
~Restes stabilisieren, ermdglichen die Koordination der zwei NO,-Gruppen nur
in trans-Stellung. Die Ligandenaustauschreaktionen unter Teilnahme der
[Co(diox.H),(NO,)X }-Komplexe (X = NO, oder X s NO,) verlaufen ohne
Veranderung der geometrischen Konfiguration. Die [Co(DH),(NO,)(H,O)] und
[Co(DH),(NO,)Cl]~—Komplexe mit koordiniertem Dimethyglyoxim (DH,) [7]

[co (diox H),(NO,)(H,0))

\n\w
A “O’) f - o
S S D)
0/80 // i "/4/0
W, RT e

12, _ " _
[Cofocac,NOy, ] E9He ooy, ] SO (Colcyclam) NG,

15 QV - \@\
< 5 o)
\, %)
\“ 12 ’ [Co(0xal), NOz,Z] //VO 2))°
\’\‘\(? h6” '

NS
Abb. 1. Schema der Substitutionsreaktionen bei dem [Co(NO,) 3~



14 GH. MARCU, CS. VARHELYI, E. DAKO, L. RADULY

dienen als Ausgangssubstanzen fiir verschiedene Substitutionsreaktionen mit
Halogenen und Pseudohalogenen, Aminen, Phosphinen [8, 9].

Mit neutralen Liganden, wie NH,, Aminen, H,0, usw. entstehen Nichtelek-
trolyte. Die Reaktionsprodukte mit einwertigen Anionen sind monobasische
Komplexsiduren.

In dieser Arbeit haben wir einige Anatations-, bzw. Substitutionsreaktionen
der [Co(DH},(NO,)(H,0)] und der [Co{DH),(NO,)Cl]~ mit KCNO, KCNS und
verschiedenen Aminen durchgefiihrt.

Wir konnten beobachten, dass das koordinierte Wasser und das gebundene
Chloratom leicht mit NCO™, NCS— sowie mit Aminen ausgetauscht werden.

Fillungsmitteln gegeniiber verhalten sich die einwertigen
(Co(DH),(NO,)(NCO) ]~ und [Co(DH)y(NO,)(NCS) ]~ Anionen dhnlich mit anderen
bekannten [Co(DH),X,]~ Komplexen. Mit einwertigen Ubergangsmetallkationen,
wie Ag(I), TI(I), Cu(I) und mit Komplexkationen des Diacidotetramin-typs
bilden schwerlésliche Salze. Die Hexamine, die Monoacidopentamine ([M(NH,),*+
[M(NH,),(H,O) ]*+, [M(en)z]3+, [M(NH,;);X 2%, usw.) und die zwei und dreiwer-
tigen Metalle sind fiir diese Zweck ungeeignet. Die Bildung von bindren Komplex-
salzen des Typs [Co(diox. H),(Amin),] - [Co(DH),(NO,)(NCX)] ist auch in
diesem Falle sehr charakteristisch. Eine Reihe von neuen Derivaten sind in
Tabelle 1 charakterisiert.

Tabelle 1
Neue Komplexsalze des Typs Kation. [Co(DH), (NO,) (NCX)]
Mol. | Aus- Analyse
. Formel Gew. beute Charakteristik
2 ber. (%) ber. gef.
1} 1,6-[Co(en),CL}- A-2H,0 Gelbgriine rhomb. | Co 17,78 17,89
663,05 45 | Prismen H,0O 5,43 5,20
2 1 1,6-[Co(pn),Cl,]- Gelbgriine, ovale Co 17,52 17,27
<A-H,O 673,3 50 Prismen N 20,80 20,45
H,0 2,67 2,10
3 | 1,6-[Cr(en),(NCS8),]- Gelbbraune Co + Cr 15,82 15,40
-A-2H,0 701,4 60 Prismen S 9,14 8,86
H,0 5,13 4,70
4 | [Co(Pyridin),Cl,]- Sternformige Co 14,10 13,90
+A-H,0O 841,4 75 | Aggregate aus N 16,64 16,50
kleinen Nadeln
5 | [Co(DH),(Pyridin),]- A-H,0 | 842,5 80 | Gelbbraune, kleine | Co 13,99 13,65
unregelmaiss.
Kristallen H,0 2,13 1,85
6 | [Co(DH),(B-Picolin),]- Braune Prismen Co 13,26 13,26
-A-2H,0 888.,6 70 H,0 4,05 3,50
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Tabelle 1 (Fortsetzung)

Mol. Aus- Analyse
. Formel Gew. beute Charakteristik
;2 ber. (%) ber. gef.
7 | [Co(DH),(o~Athyl-anilin),]- Braune, mikrokrist.; Co 22,14 12,00
-A-3H,0 962,7 60 | Masse H,0 5,61 5,40
8 | 1,6-[Cof(en),Cl,]-B-H,0 Gelbgriine, unre- Co 17,83 17,58
661,09 50 | gelmassige schim- | H,0 2,72 2,00
mernde Plittchen | S 4,85 2,00
9 | 1,6[Co(pn),Cl,]- Gelbgriine unregel-| Co 17,11 16,89
-B-H,0O 689,4 50 missige Plattchen | H,0 2,61 2,00
S 4,65 4,80
10 | 1,6-[Cr(en),(NCS),]- Co+Cr 15,87 15,60
B-H,0 699,4 65 Gelbe Prismen S 13,75 13,90
H,0 2,57 2,50
11 | [Co{Pyridin}Cl,]- Sternformige Co 13,75 13,75
-B-H,0 857,5 85 | Aggregate aus
kleinen Nadeln
H,0 2,10 1,80
12 | [Co(DH),(Pyridin),]- Gelbbraune mikro-
-B-H,0 858,6 90 krist. Masse Co 13,73 13,85
13 | {Co(DH),(B-Picolin),]- Unregelmassige, Co 13,29 13,20
«B-H,O 886.,6 70 kleine Kristallen S 3.61 3,88
H,0 2,03 1,60
14 | [Co(DH),(a-Naphtylamin),]- Braune, hexagonale] Co 11,70 11,20
-B-2H,0 1004,7 85 Platten H,0 3,58 3,80
S 3,19 3,35
15 | [Co(DH),(p-Naphtylamin},]- Unregelmassige, Co 11,52 11,23
+B-3H,0 1022,8 90 kleine braune S 3,13 3.28
Kristallen H,0 5,28 5,40
16 | [Co(DH),(o-Athylanilin),]- Gelbbraune Co 12,50 12,60
.B.H,0 942,7 65 | Dendryte H,0 1,92 1,30
,,en” = Athylendiamin, ,,pn” = Propylendiamin, ,, A" = [Co(DH},(NONCO)]™ ,,B” = [Co(DH),(NO,}{NCS)]™.
Die freie H{Co(DH)y(NO,)(NCS)] — Sdure kann aus der wissrigen LoOsung
des Natriumsalzes mit verd. Schwefelsdure ausgeschieden werden. Der
[Co(DH),(NO,)(NCO)]~ — Komplex zersetzt sich beim Ansduern unter Bildung

von [Co(DH),(NO,)(NH,)], bzw. [Co(DH),(NO,)(H,0)] und CO, — Entwick-
lung.
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Wir haben die Wechselwirkung von [Co(DH)4(NO,)(H,0)] mit verschiedenen
Aminen in Gegenwart von Acetatpuffer untersucht. )

Es wurde beobachtet, dass die aliphatischen Amine (Methylamin, Athy-
lamin, n-Hexylamin, Monodthanolamin, Trimethyvlamin, usw.) sehr leicht 15sliche
Nitro-komplexe bilden. Diese Verbindungen kénnten aus der Lésung nicht ausge-
schieden werden. Die aromatischen Amine mit pK-Werten 9—12 und die heterocyc-
lischen N-Basen koordinieren sicht leicht zum Kobalt (III)-dioximin-Kern.
Die entstehenden Substitutionsprodukte kristallisieren aus wissrigen-alkoholis-
chen Losungen. Esist bemerkenswert, dass die sehr schwachen Basen (pK=13—18,
wie Nitro-aniline, Sulfanylsduren, usw., fiir diese Anatationsreaktion ungeeignet
sind. Einige neue [Co(DH),(Amin)(NO,)] — komplexe sind in der Tabelle 2
charakterisiert.

Der Nichtelektrolytcharakter dieser Verbindungen wurde in einigen Fillen
durch elektrische Leitfahigkeitsmessungen bestitigt. Die molare elektrische
Leitfahigkeit der 10723 Mol Losungen im Wasser betriagt 2—10 ohm—lem?,

Tabelle 2
Neue Nichtelektrolyte des Type [Co(DH), (NO,) (Amin)]
Mol. 5 Analyse
. Formel Gew. A(léb ) ’ Charakteristik
:2 ber. 70 ber. gef.

1 | [Co(DH),(0-Anisidin)(NO,) ] 458,3 50 | Kurze braune Prismen | Co 12,86 12,59
N 18,33 18,10

2 | [Co(DH),{p-Anisidin)- Rhomb. Prismen Co 12,37 12,15
(NO,) 1- H,O 476,2 55 N 17,64 17,50

3 | [Co(DH),(Thioharnstoff)-
(NOy)) 411,2 65 | Unregelmissige Co 14,33 14,10

Krist.

4 | [Co(DH),(p-Chlor-anilin) Rhomb. Platten Co 11,81 11,35
{(NO,)1-2H,0 498,7 40 N 1685 | 17,10

5 | {Co(DH),(p-Brom- Braune Prismen Co 11,62 11,20
anilin) (NQ,} ] 507,2 60

6 | [Co(DH),(p-Jod- Sphirischie braune Co 10,30 10,08
anilin}(NO,) ] 572,2 75 | Kristallaggregate

7 | [Co{DH},(0-Tolidin) (NO,) ] 531,4 85 | Braune mikrokrist, Co 11,09 11,13

Masse N 18,45 18,60
8 | [Co(DH),(m-Xylidin)(NOQy) ] 456,3 60 | Unregelmissige, Co 12,91 12,80

braune Kristallen

9 | [Co(DH),(p-Phene- Quadratische Prismen | Co 12,47 12,20
tidin) (NO,) 472,3 60
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Abb. 2, UR- Spektra einiger Nitro-bis-dimenthylglyoximatokobalt (IIT) — komplexe.

Die Ultrarotspektren einiger neuer Nitro-komplexe sind in Abb. 2. wiederge-
geben.

Die fiir die koplanare Co(DH),-Gruppe charakteristische "C=N, "N—O und
YN —OH Valenzschwingungsfrequenzen erscheinen bei 1560—1570 cm™(s), 1240 —
1242 em ! (s.s.) bzw. bei 1090—1100 ¢cm™! (s.s.), wie bei der anderen Kobalt
(IT1)-dimethylglyoximin-Komplexen. Die Valenzschwingungsfrequenzen der koor-
dinierten NO,-Gruppe treten bei 1418—1420 cm—(s.s.), 1330 cm™(s.s.) und die
NO,-Deformationsfrequenzen bei 830 ecm™(s) auf und sind von dem Koordination-
seffekt nicht beeinflusst- Die Lage dieser Banden und das Fehlen einer starken
Absorptionsbande bei 1030—1040 ¢cm™! ("N —O der Nitrito-komplexe (Co—ONO)
bestitigen dass die Co-Nitro-bindung durch das Stickstoffatom verwirklicht
ist (Co—NO,) [10-—11].

Im Falle der [Co(DH),(NO,)(Amin)] — Nichtelektrolyte sind die "N—H
bei 3200 (s) und 3100 c¢mii(s) erkennbar. (Verschiebung gevenﬁbcr den freien,
nichtkoordinierten primaren Aminen 130 —200 cin™1, Die Co—N (Amin)-Bindung

2 — Cheniie —- 1976
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hat einen starken kovalenten Charakter. Im TFalle des Thioharnstoff-derivates
wird die Co-Thioharnstoff Bindung wahrscheinlich durch das Schwefelatom ver-
wirklicht. ("N—H: 3350—3400, *C—S 730 cm™}).

Von den Pseudohalogenen wird die NCO—-Gruppe durch das Stickstotfatom
zum Kobalt gebunden (*C=N: starke, scharfe Bande bei 2110 cm™1). Die
NCS-Gruppe kann wegen Valenzisomerie durch das Stickstoff, bzw. durch das
Schwefelatom zum Kobalt gebunden werden. (*C=N: 2110 cn™(s.s.) und *C—$
750 em~Y(s) [12], [13].

Experimenteller Teil. Darstellung der [Co(DH),(NO,)(NCX)] — Ldsungen. 0,1 Mol [Co(DH),
(NO,)(H,0) ] werden in 250 ml Wasser mit 0,2 Mol KCNO, bzw. mit 0,1 Mol KXCNS auf dem Wasser-
bade 23 Stunden erwdrmt. Das Nitro-aquo-nichtelektrolyt 16st sich allmohlich auf. Die dunkel-
braune Losung wird abfiltriert und zu doppelten Umsetzungsreaktionen verwendet. 25 ml der Sta-
mmlosung enthilten 10 mMol K[Co(DH),(NO,)(NCO)], bzw. K[Co(DH),(NO,)(NCS).

Fiir die Umsetzungsreaktionen verwendet man je 20 mMol Komplexsalz des Diacido-tetra-
min-typs in 100 ml Wasser oder verd. Athanol (1:1)

Darstellung der [Co(DH),(NOy)(Amin)]-Nichtelektrolyte. 10 mMol [Co{DH),(NO,)(H.,0)" in 80—
100 ml verd. Athanol (1:1) oder 10 mMol Na[Co(DH),(NO,)Cl] in 80 m! Wasser werden mit 15 ml
Natriumacetat-Essigsdure Pufferlosung (1—1 Mol) versetzt und auf dem Wasserbade mit je 15—25
mMe! Amin in 25 nmil Athanol behandelt.Aus der Losung scheiden sich schone, kristalline Produkte
aus, Die krist. Substanzen werden abgesaugt, mit Wasser gewaschen und aus heissem Alkohol
umkristallisiert.

Analyse: Der Kobalt gehalt der Proben wurde komplexometrisch, das Schwefel gravimettisch
als BaSO0,, das Stickstoff gasvolumetrisch bestimmt. In chromhaltigen Proben wurde die Summe
Co,0, -+ Cr,0y nach Glithen bei 900° gemessen.

(Eingegangen am 24 Mai, 1975}
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NOI REACTII DE ANATATIE LA COMPLEXUL NITRO-ACVO-BIS-DIMETIL-GLIOXIMATO-
COBALT(IIT)

(Rezumat)

S-au studiat unele reactii de anatatie la complexul neelectrolit nitro-acvo-bis-dimetilglioxima-
to-cobalt(I11) : [Co(DH),(NO,)(H,0)] cu pseudohalogenuri si cu diferite amine alifatice §i aromatice
primare si cu amine heterociclice. S-au obtinut o serie de derivati noi ai anionilor complecsi [Co(DH),
(NO,)(NCO) ]~ si [Co(DH),(NO,)(NCS)]~ precum si o serie de neelectroliti noi de tipul [Co(DH),(NO,)
(amina)].

Pentru clarificarea unor probleme structurale s-au efectuat masuritori spectroscopice in infra-
ro$u.
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STUDIUL POTENTIOMETRIC AL POLIACIZILOR $I MONOMERILOR
INCEPIND DE LA GRADE DE NEUTRALIZARE MICI (I)
Poliacidul acrilic in solujii apoase

IUDITA MURESAN si LUCIA ZADOR

Pentru a extinde zona de investigare potentiometricd a poliacizilor la grade
de neutralizare oricit de mici s-au propas intr-o lucrare anterioard [1] relafii mai
corecte decit cele uzuale. Totodatd s-a introdus o noud mirime AG,,, reflectind
abaterile de naturd neelectrostaticd de la starea de referinfa.

Lucrarea de fata are drept scop aplicarea relatiilor si metodelor propuse
pentru studiul poliacidului acrilic (PAA) in solutii apoase. Reamintim relatiile
propuse, care stau la baza metodelor experimentale.

2B AGs + 2246, (1)
RT RT

unde pK’ ¢ constanta de disociere aparentd pentru poliacidul aflat la concentratia
¢ si gradul de ionizare v.

Termenii AG,; si AG,, sint legati de raportul factorilor de activitate prin relatiile
(2) st (3):

[)Kz - ,’bKu +

AG, = RT 1n T, = RT 1n (—fdi—) (2)
Ji,0 * fan/4
AG, = RT 1n T, = RT 1n (—f‘—“——) (3)
fu,o “Saw)m
unde
r—T, T, (4)
f){iw ) fAu

intrucit fiecare factor de activitate poate fi scris ca produsul unui factor electro-
static si neelectrostatic f = f,, - f,.

Metoda propusd pentru determinarea valorii pK, constd in extrapolarea portiu-
nilor liniare din reprezentarile pK} = f(cv)!/2. Pentru domeniul gradelor de neutra-
lizare mici se propune inlocuirea relafiei nzuale de determinare a exponentului
constantei de aciditate aparente

o

pK = pH — log | ®)
prin
v Ca—
PR, = pH — log 2= (6)
Can
unde A7 se calculeazd cu relatia
Can
- VIV - TH* — [OH-]
4 _ ca(V] v) + [ K ) (7)

CaH ot ~ a}(V|V 4 v) — [HT] + [OH"]
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S-a notat cu V' volumul initial al solutiei §i cu v volumul de titrant adiugat.
Metoda propusd pentru determinarea termenilor AG,, si AG,; respectiv T, si

I',; se bazeazd pe relatiile:
Pentru o > «,

043 1o
PKT - i)K() - EAGH == B(CV)]'H (8)

ik A Ct o3 o,

Fig 1. Curbele potentiometrice ale solu-

tiilor de PAA de diferite concentratii (mol-

-mer/{.10%). 1) 0,212; 2) 1,11; 3) 2,22;
4) 3,33; 5) 4.44; 6) 0.

unde B cste tangenta unghiulard a partii
liniare in coordonatele folosite pentru de-
terminarea pK,.

Pentru o << «,

5 0.4
PKE— PRy =7,

3 !
o (AG,, + AG,) (9
Cu 2, s-a notat gradul de neutralizare cores-
punzator gradului de ionizare Incepind de la
care AG,, este neglijabil fatad de AG,, si de
la care pK; variazd liniar cu (ev)V2

Tehnieca experimentalid. Obtinerea, caracterizarea
si microtitrarea potenfiometrici a PAA au fost des-
crise anterior [2, 3].

iteznltate, 4) Caracicristict ale aoiditd-
tit PAA. TFigura 1 redi curbele pK! — «
pentru solutii de PAA de concentrafii di-
ferite.

Curba corespunzdtoare concentrafiel
nule a fost trasatd folosind coordonate de

—const le o
cmt . ¥T . Caracteristi-

1+ \/G
ca cca mai interesantd a curbelor obtinute
o constituie existenta minimelor accentu-
ate In domeniul o« = 0 — 0,1 pentru toate
councentrajiile. Ramurile descendente cores-
pund suprapunerii termenului neelectrost-
atic si electrostatic din ecustia (1). Valo-
rite pKj, determinate prin extrapolarea

linfarizare pK{

directd a portiunilor liniare — conform metodei folosite de mai mulfi cerce-
titori [4] pentru determinarea exponentului constantel de aciditate ,intrin-
sece’’ — sint trecute in a 3-a coloanid a tabelului 1.

Valorile extrapolate in acest mod, conform datelor lui Mandel [5] rcfe-
ritoare la PAA In prezenta sirurilor, scad sensibil cu cresterea concentratiei sirii
addugate. Dupd cum rezultd din tabelul 1, aceastd scddere accentuatd are loc si
in lipsa sirurilor, odati cu cresterea concentratiei polimerului. Astfel pX; nu
poate fi o masurd a constantel termodinamice de jomizare.
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Tabel 1
Compararea diferitelor earacteristici ale aecidititii PAA
Nr. conc. mol. mer[l-102 K, n=m-+1| pK; = pK,| pK* Ky K,
1 0,212 5,53 1,73 6,50 3,75
2 1,11 5,31 1,86 6,34 3,44
3 2,22 5175 | 1.88 6,17 3,28 5.7 4.95
4 3,33 5,08 1,91 6,13 3,20
5 4,44 5,01 1,97 6,05 3,16
R o CA —
Figura 2 redi dependenta pK;de log 2—.
CaAH

Aceastd reprezentare corespunde ecuatiei lui Kagawa Tsumura [6]:

PK = pK, + m log

4
i
i
{
|
!

cu diferena cd raporturile -
— &

Cp—

sint inlocuite cu valorile cal-

Can
culate mai precis. Se vede ca
ecuatia este valabild numai ince-
pind de la o valoare a,. In do-
meniul a << &, curbele trec prin-
tr-un minim corespunzitor celor
din reprezentarile din fig. 1.
Evident, acelasi domeniu de
valabilitate se regiseste si pentru
alte relatii empirice echivalente
cucea alui Kagawa Tsu-
mura, cum ar fi ecuafia (11)
propusi de Katchalsky si
Spitnik [7] sau ecuatia lui
Spencer (12) [8].

<

PH = pK, +  log (11)

1l —a

pR* = PRe _ PKs

n n

(12)

Pentru compararea diferi-
telor caracteristici ale aciditdtii
PAA in tabelul 1 se dau'aldturi
de pKg valorile constantelor din

o

1] —a

Y
pKe

(10)

)

Fig. 2. Diagramele pK’ —log

Ca—

CAl

pentru solutiile de

PAA de diferite concentratii (semnificatia cifrelor de pe
curbd este identicd cu cele din fig. 1).
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Je

1+«/7'

Fig 3. Variatia pKJ cu

2%

23

o
o

o
©

Y O

o

ecuatiile (10), (11) st (12) in domeniul
o > d,. Se observa cid toate aceste mirimi
variaza sensibil cu concentratia poliacidu-
lui si nu pot servi drept caracteristici a
tariei PAA.

Reprezentind insd pKg in funcfie de

Ve

1+ c

extrapolarea cireia la ¢ = 0 se gdseste o
valoare pKg unica, egald cu 5,7. pKj este
o madrime caracteristica poliacidului pentru
starea cu grad de neutralizare (nu si de
ionizare) nul.

Cu ajutorul celei de a doua metode
propuse anterior [1], prin extrapolarea por-
tiunilor liniare a diagramelor pK} — (cv)"*
(fig. 4) se obtine de asemenea o unicd

(fig. 3) se obtine o dreaptd prin

5 Ffig. 4. Diagramele
PR’ — (ev)!* pentru so-
lutiile de PAA de dife-

rite concentratii.

-~
)l
I
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valoare (4,95) indepen-
dentd de concentratie,
de astd data Insd carac-
teristicd pentru starea

I. MURESAN, L. ZADOR

Tabel 2

Valorile termenilor electrostatici la diferite grade de neutralizare
pentru solutia de PAA de coneentratie ¢ = 2,12.10—2 mel mer/1

cu Incidrcare nuld. Ea a Cﬁl(/;rﬁol C%G" [ = T, r
poate fi acceptatd drept elfmo Tm
pK, cu atit mal mault 0
cu cit e foarte apropiats ,00 953,3 476,6 0,20 2,24 11,22
le valoarca cc Prop ata 0,02 597,8 606,0 0,36 2,79 7,67
de valoarea corespunzd- 0,04 362,2 721,8 0,54 3,39 6,27
toare acidului propionic 0,06 204,3 844,3 0,70 4,17 5,88
(4,87} reprezentantul 0,08 122,6 966.,9 0,81 5,13 6,31
mic molecular AA. 0,10 95,3 1021,4 0,85 5,62 6,57
N al PZ&"X, 0,14 13,6 1178,0 0,98 7,33 7,35
B) Termenii AG,, st 0,20 — 1382,3 1,00 10,35 10,35
AG,. S-au calculat valo- 0,30 — 1702,3 }.gg ;{75,;8 ‘12(73;25
: Ny cryert] 0,40 - 1939,3 . 55 26,5
Illle AGfg 911"3%{1{{&_‘?1)&?1" 0,50 - 2155.8 100 | 3828 | 3328
m $1 Lo la difenite va- 0,60 — 2319,2 1,00 50,47 50,47
lori ale concentratiei si 0,70 — 2414,6 1,00 59,29 59,29

gradulul de neutraliza-

P

re. Tabelul 2 redd pentru ilustrare citeva din valorile obtinute.

Din aceste date ca si din cele objinute pentru solutiile mai concentrate rezultd
cd cu cresterea ionicititii AG,, scade in timp ce AG, creste foarte sensibil. Pentra
a putca interpreta aceste constatiri vom admite cd (fau * fuwols $1 (fa)m
sint apropiati de unitate sau cel pufin mult mai apropiati decit corespondentii
(fam * fu0)y 5t (fae)es. In aceste conditii gdsim semuificatiile _lL = fau * fuo i
I’y == fs—. Conform acceptiunii facute, din date rezultd i atit fa— cit st
Jan - fuo cresc cu gradul de neatralizare. Dar pe cind primul factor de activitate
are valoare unitara la grad de ionizare zero, ultimii doi factori sint unitari In grade
de neutralizare mai mari decit a,,.

Pentru a putea evalua influenta concentratiel asupra ponderii re
celor doi termeni, pentru fiecare solutie s-au calculat valorile medii A, i
AQ, pentru intervalul « cuprins intre 0 si o,

tive a

[%4

AD, — - S AG, 7

ey
0

Ad, —= S AGad .

In acest scop s-a reprezentat pentru ficcare coucentrafie dependenta AG,, i
AG, de o conform exemplului prezentat in figura 3.

* Studiul acidului monomer indicd valabilitatea acestei acceptiuni.
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Integrarile s-au fdcut grafic cu

mﬁv& . ajutorul unui planimetru integrator.
sool xj/» In tabelul 3 silnt prezentate valorile
600 / : A(Dm ?1 Aq)zal;'_f" F‘?l 51 I' = F"‘ ’ Fel

H m

™ ! pentru diferite concentratii, precum
} si intervalele gradelor de neutralizare
! pentru care ele reprezintd valori
! medii.
! Din date retese cd cresterea con-
i centratiei poliacidului reduce valoarea
| ambilor termeni A®, si A®D,. Re-
zultd cd concentratia si gradul de
| neutralizare influenfeazd in seus in-
vers asupra termenulul AG, dar in
acelas sens asupra termenului AG,.
Fig. 5. Diagramele AG — « pentru solutii de In privinfa influentei concentratiei
PAA de ¢ = 1,11-107* mol mer/l. asupra factorilor de activitate se vede
cd fam - fmo scade in timp ce fq—
creste cu dilutia. Primii avind valori subunitare, ultimul supraunitare, tofi fac-
torii de activitate se¢ apropie de unitate la solutii concentrate.

¢ o 003 005 007 009 A o

Tabel 3
Influenta concentratiei PAA asupra termenilor electrostatiel st neelectrostatiel
102. cone. AD,, A, 1 — - :
mol mer/l cal{mol cal/niol T Let r Interval o
0,212 248,6 877,1 0,657 4,262 6,478 0—-0,13
1,11 235.8 593,7 0,671 2,729 4,066 0—-0,10
2,22 110,1 355,1 0,830 1,823 2,197 0—0,069
3,33 106,9 346,0 0,835 1,795 2,150 00,086
4,44 96,0 281,7 0,850 1,610 1,893 00,064

Coneluzii, 1. Studiul potentiometric minutios al solufiilor de PAA nu arats
existenfa vreunei transformiri conformationale la o > 0,1. Rezultatele sint in
concordantd cu constatidrile altor autori [5, 9.

2. Din rezultatele obtinute reiesc c¢d la grade de neutralizare cuprinse intre
0—0,1 apar modificdri in structura solutiei de PAA. Interpretarea acestor transfor-
mari nu poate i dusd la capit numai prin studiul potenfiometric al poliaciduiui,

3. Aciditatea aparentd a poliacizilor la grade de neutralizare mici este deter-
minatd nu atit de interaciunile electrostatice cit de cele de naturd neelectrosta-
ticd. Despre natura acestor interactiuni incd nu ne putem pronunfa definitiv.
Termenul AG,, poate fi o consecintd a interactiunilor, pe de o parte, dintre unité-
tile structurale ale catenelor, pe de altd parte, a celor la care participd moleculele
mediului. Probabil cresterea tonicitdfii este fnsotitd de o modificare a legaturilor
de hidrogen dintre moleculele de apd sigrupirile COOH, respectiv COO™. Daca
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grupele COO™ sint mai puternic angrenate in legdturi de hidrogen cu moleculele

de api decit cele COOH nedisociate, cresterea ionicititii duce la diminuarea pK,.
In sfirsit, nu poate fi ignoratd nici posibilitatea modificrii structurii apei in
prezenta catenelor de iomnicitate crescinda.

(Intrat in redactie la 8 aprilie 1974)
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CONPARBP -

POTENTIOMETRIC INVESTIGATION OF POLYMERIC AND MONOMERIC ACIDS
BEGINNING FROM LOW DEGREES OF NEUTRALIZATION (I)
Polyacrylic Acid wn Water

(Summary)

Applying the previously [1] proposed relations and methods to the potentiometric investigation
of polyacrylic acid (PAA) in aqueous solutions, the values of pK,, AG, and AG, were determined.
They prove that the interactions of unelectrostatic nature take a good part in the deviations from
ideal behaviour. The magnitude of the unelectrostatic term is as greater the lower the concen-
tration and degree of neutralization. Only beginning from a certain v., value of ionicity this term
is megligible beside the electrostatic omne.

The results prove also the absence of conformational tranmsitions, but the existence of some
structural transformations in the range of « < 0.1, whose interpretation requires further investigation.
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STUDIUL POTENTIOMETRIC AI, POLIACIZILOR SI MONOMERILOR
INCEPIND DE LA GRADE DE NEUTRALIZARE MICI (II)
Acidul acrilic

LUCIA ZADOR si IUDITA MURESAN

Studiul potenfiometric al poliacidului acrilic (PAA) in solutii apoase [1]
efectuat pe baza relatiilor si metodei propuse anterior [2], aratd cd in domeniul
gradelor de neutralizare scdzute abaterea aciditafii aparente de la cea ,,intrinsecd”
este determinatd nu numai de interactiunile electrostatice ci si de cele de naturd
neelectrostaticd. Pe de alti parte, studiul potenfiometric al aceluiasi poliacid
in amestec de solventi api-etanol [3] a indicat transformadri conformationale
interesante, inverse fajd de cele cunoscute la alti polielectrolifi in solufii apoase
[4, 5].

Scopul lucririi de fa}d este studiul potentiometric al acidului acrilic (AA)
in solutii apoase si in amestecuri apa-etanol in vederea elucidirii rolului structurii
catenare (macromoleculare) in particularitdtile constatate la PAA.

Tehnica experimsntali. Microtitrarea potentiometrici a acidului acrilic cu KOH s-a efectuat
in aceleasi conditii ca in cazul PAA in solutii apoase gi amestec de solventi apd-etanol [3].

Principii. Pentru cazul acidului mic molecular AH, termenii din ecuafia
propusd pentru studiul poliacizilor

0,43

v 0,43
Kc= K +—— !
b PR, RT

AG, +22
RT

AG, (1)

au urmdtoarele semnificatii:

4

a_ ¢ _
j)KE - -——log_i’g_’_*A_. — PH - log

-
Can Can

(@)

&
pH se misoard experimental iar raportul -C—A— se calculeazi ca si in cazul PAA [1]

AH

2 (AGa + AG,) =log T + log T,y = log T (3)
de T /S (4)

Y Y

I,a acidul mic molecular

0,51 /ve
—1 = = 5
o8 fA" L+ e )

Comparind ecuafia (5) cu (4), (3) si (1) se obtine pentru acidul monomer relafia

0,51 4/ve

K =
P +1+Jvc

:PKO——longxo 'fAH (6)
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In cazul In care se admite ci gt 1
fA— ~ (fA“)cl 1ar foo .fAH ~ ;

~ (fu,0 " faz)m vor fi valabile si

|
relatiile ; PAA
. 0,43
logl, = _A(, —108 fy.0 fan
(7)
0,43 &0
log I, == =2 AG =log f,- (8)
p ve D
AG,, — MJ_ © 9
1+ 4ve o]
respectiv
v 0,51 «/\Tc
K]+ 2220 = pK, +
’ YA Gl
+ 224G, (10)
RT
Rezultate si discutii. Fig. 1 i 5 = 6::4 2 7’1{5‘7: o(

reda curbele PK: - * Obﬁnute Fig. 1. Curbele potentiometrice ale solutiilor apoase
pentru solutiile acidului mono-  de AA de dilerite concentratii in comparatie cu cea a
mer la diferite C()llCCl}tfa‘;ii, a]a_ szu’giei PaaA de conccntra‘;ie 2,12.10—3 moi.metji.
turi de una referitoare la acidul (1)1~ 1078 moljl; (x)2,22 - 10=% moljl; (£)5.55-

) X -10-3mol/l; () 11,1-10—2 wmol/l; ([J) 0 moljl.
macronielecular.

Ta acidul mic molecular efectele electrostatice favorizeazd disocierea prin
efectul salin. Intrebarea este daca diminuarea constatatd la pK; poate fi atribuita
integral efectului electrostatic i dacd ultimul intr-adevéar coincide cu cel salin.

Pentru a clucida ponderea termenului electrostatic in abaterile de la starea
ideald — vezi ecuafiile (1), (3) si (4) — In fig. 2 s-au reprezentat valorile
K in functie de o variabild (f)12 = (cv)Y? menitd sd permitd, pe de o parte repre-
zentarea pe o curbd comund a datelor obtinute pentru solutii de diferite concen-
tratii, pe de altd parte 53 asigure formd liniard in cazul in care variatia este deter-
minatd de efectul salin.

Se vede cd punctele determinate pentru diferitele solutii se asazid practic
pe acceasi curbd. Diagrann este liniard In domeniul ¢ > 1,2 - 1073 N. Se poate,
deci, tmge concluzia ci la tdrii ionice mai mici declt aceastd valoare critici abate-
rea de la comportamentul ideal este cauzatd in mare misurd de alte efecte decit
cel salin,

Pentra a verifica dacd aceste efecte pot fi identificate cu termenul AG,,
respectiv  validitatea presupunerilor exprimate prin ecuatiile (7), (8), (9) si
(10), am reprezentat in fig. 3 dependenta pK! — log f,— In functie de aceeasi
variabild (ev)V2.
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pke
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L5+

-~

431

p 3 2 5 6 7

~
[
Al e

(02 10t

Fig. 2. Reprezentarea comunid a datelor obtinute pentru solutii AA
de diferite concentratii in coordonate pK; — «/ j (concentratiile si
semnele corespund celor din fig. 1).

Se observid ca intr-adevar in domeniul ¢v > (ev),, functia reprezentata devine
constantd, mentinindu-se la valoarea 4,37. Astfel, se adevereste pentru AA justetea
presupunerilor concretizate in ecuatiile (7)—(10). Implicit rezulta cd semnificatia
segmentului ¢ si b din fig. 2 va fia = {0‘43 AGe,) st b= %A(}m) . Totodatd

RT d RT a
se obtine pK, = 4,37, valoare mai mare decit cele existente in literatura (4.25—
4,26) [6, 7]. S-au calculat AG,, si AG,,, respectiv T',, si I',;, la diferite valori ale
gradului de neutralizare gi concentratiei. Tabelul 1 redd citeva din rezultate.

(71§>
ol
EEu .
+
L5k
Iy
- A -~
= PO Bt . e a2 % o
!
i3 A
i
|
!
42—l L i 1 r 1 1 3
1 42 3 4 5 3 7 8 oyl 420
I' ig. 3. Reprezentarea comunid a datelor obtinute pentru solutii AA de
o . 0514 - I
diferite concentratii in coordonate pK, + 1—/‘_ - «/ 7 (concentratiile si
+ A

semunele corespund celor din fig. 1).
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Comparind  aceste Tabel 1
date cu cele determinate
pentru solutiile PAA 1]
se pot constata urma-

Valorile termenilor electrostatici si neelectrostatici pentru solugia
de acid acrilic de conecentratie 1,11 - 10— mol/i

toarele : AGy, AG,, 1 ) .
in privinta terme- * cal/mol cal/mol T, Ve [
nului electrostatic rezul-
tatele nu contravin a- 0,00 351,4 — 8,440 0,552 0,986 1,786
§teptéri]0r dictate de 0,05 265,68 — 9,557 0,839 0,984 1,540
electrochimia polielec- 0,10 224,7 — 10,373 0,684 0,983 1,437
e M X 0,15 186.6 —11,084 0,729 0,981 1,345
trolitilor. Spre deosebire 0.20 1444 —~11.917 | 0784 | 0,980 1,250
de PAA la AA mairimile 0,25 122,6 —12,710 0,813 0,979 1,204
AG,, sint negative si in 0,35 7‘54,9 —14,023 gggl gg;i i(l)gg
< < 0,45 65,4 — 15,422 ,895 , .
VaéQare aleOh{tf? cu doud 0.55 477 —16.671 0926 | 0972 1,050
ordine de¢ marime imai 0,65 34,1 —17,817 0,943 0,970 1,028
mici. Atit la acidul mo- 0,70 27,2 —18,372 0,955 0,969 1,014
nomer cit si la cel ma- 0,80 20,4 —19,394 0,966 0,968 1,002
0,90 13,6 —20,378 0,977 0,966 0,988
cromolecular |AG| c 1,00 68 | —21200 | 0988 | 0,965 0.976

sensibil cu 2 marlndu -si
valoarea de citeva ori
in cursul neutralizdrii. Valorile (f,-) care cresc la PAA cu =« atingind valori
foarte mari, in cazul AA sint subunitare si scad cu gradul de neutralizare.

In ceea ce priveste termenul neelectrostatic, nu pot fi facute prevumm teo-
retice. Comparatia arati ci la pol1ac1dul macromolecular valorile AG,, sint mai
mari decit la monomeri, diferentele insd nu ating un ordin de mdrime. Ca i la
PAA cresterea gradului de neutralizare reduce sensibil valoarea AG,,. In tabel

1
s-au trecut in locul marimilor I', valorile lor reciproce o care, dupa cum s-a
”
vazut, au pentru acidul monomer o semnificatie
e e . . . AG
fizicd directd (vezi ecuafia 7). Atit la acidul o=

. s 1
macromolecular [1] c¢it si la cel monomer —
T

are valori subunitare la grade de neutralizare 200
mici si creste repede cu « atingind unitatea la o A6
valoare «,, care scade cu cresterea concentra-
tiei. Acest comportament Calitativ identic ne

permite sd atribuim semmflca‘pa — = fuo Jau’
2

a carei justificare s-a dovedit la monomer, drept
acceptabila si pentru poliacid.

Pentru a putea compara comportamentul 3%
PAA si AA in privinta ponderii celor doi ter- ‘ )
meni s-au calculat si pentru solutiile de mono- ° ” o ®ox
mer valorile medii A®, si A®, definite prin Fig. 4. Diagrame AG — o pentru

.. determinarea valorilor medii A®,,
relatiile : si ADy (c = 2,22 - 10~3 N).
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A (Dm FEE g 14 S A(I‘”‘({y- A q),[ == ‘L S A("elda :
Hey Her
O 0

Calculul s-a facut prin integrarea graficd a diagramelor AG — o exemplificate
in fig. 4.
In tabelul 2 sint prezentate valorile obtinute.
Tabel 2

Influenta concentratiei AA asupra termenilor electrostatied si neelectrostatici

~ . A (bm A (‘Del _1_ T = / - —
Cone. molfl ' cal/mol | cal/ntol = I, T Ao == 0 — oy
- om
1,11-10—3 83,6 —16,6 0,864 0,972 1,12 01,00
2,22-10-3 59,9 —17,1 0,903 0,971 1,07 00,55
5,55- 103 32,1 —17.6 0,947 0,970 1,02 00,20
11,11.10-3 13,7 —-19,1 0,977 0,965 0,99 0-0,06

Din compararea lor cu cele referitoare la solutii de PAA “17 se pot face urmad-
toarele constatdri:

Cu cresterea concentratiei, A®,, scade la AA ca si la acidul macromolecular.
Produsul f , - fyu de asemenea scade la ambii acizi cu dilufia. Se vede astfel
ca in privinta termenului neelectrostatic existd un paralelism perfect intre AA
st PAA.

Desigur paralelismul nu se menfine in privinta termenului electrostatic,
care la acidul monomer are valori negative si mici. In valoare absoluta AG,,
respectiv. Ad,, creste cu « la ambii electroliti, dar influenta concentratiei este
opusd. Totodatd f,— creste cu dilutia, dar, pe cind la monomer se apropie de
unitate, la acidul poliacrilic are valori supraunitare in tot domeniul de concen-
tratie.

Pentru elucidarea rolului structurii catenare in particularitagile potentiome-
trice constatate la PAA in amestecuri apd-ctanol [3], s-a efectuat si studiul poten-
tiometric al AA in amestecuri cu 62,2 s1 96%, EtOH. Curbele obtinute sint redate
in fig. 5 si 6, alaturi de cele ale PAA.

Comparind fig. 5 si 6 cu fig. 1, observim c¢a toate curbele referitoare
la AA au aceeasi alurd. Astfel, se dovedeste cd particularitdfile potenfiometrice
constatate la PAA in amestecuri apd-etanol mai bogate in alcool decit 62,29, g
EtOH sint determinate de structura macromoleculard a poliacidului, corespunzind
unei veritabile transformairi conformationale.

Concluzii. 1. Interactiunile neelectrostatice au o influentd apreciabila asupra
aciditafii aparente (in domeniul gradelor de neutralizare mici) si in cazul acidului
monomer. Astfel, termenul AG, introdus pentru descrierea comportamentului
potentiometric al PAA nu este determinat decit cel mult in parte de structura
catenard a acidului. Rezulti ci minimele de pe curbele potentiometrice ale PAA
in solutii apoase nu pot fi interpretate drept transformiri conformationale.
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pH-toc '“l., 1 PAA_ @

02 6z g8 ‘e x
I'ig. 5. Compararea curbelor potentiometrice
ale acidului monomer gi macromolecular la
acceagi comcentratie (¢ = 1,11-10—2 mol .
mer/l) in amestec ap#-etanol cu continut de
62,2%g EtOH.
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Fig. 6. Compararea curbelor potentiome-

trice ale acidului monomer si macromolecu-

lar la aceeasi concentratie (¢ = 1,11.10-%

mol - mer/l) in amestec api-etanol cu conti-
nut de 96°,g EtOH.

2. Exista un paralelism perfect intre AA i PAA iIn privinta dependentei
termenului neelectrostatic de diferiti factori.

b P " 1 e o —— ) .

3. Pentru ’audul‘monomer s-a ga.su; semmfuat}a 1/I.‘,,, '“fn,o Say» care
pe baza paralelismului constatat poate fi extrapolata si la acidul macromolecular,

4. Comportamentul potentiometric al AA in solventi apéd-etanol bogati in
TtOH, dovedeste ca particularitatile observate la PAA in solven{i micsti trebuiesc

atribuite exclusiv structurii catenare.

(Inirat in redactie ia 8 aprilic 1374)
p
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POTENTIOMETRIC INVESTIGATION OF POLYMERIC AND MONOMERIC ACIDS
BEGINNING FROM LOW DEGREES OF NEUTRALIZATION (II)
Acrylic Acid

(Summary)

The values of AG,, and AG,; for acrylic acid (AA) in aqueous solutions were determined. They
attest that the apparent acidity of monomeric acid is also affected by unelectrostatic interactions
at low a. Concerning the dependence of AG,, on different parameters a perfect parallelism between
the polymeric and monomeric acid is put in evidence proving that the minimums appearing in the
pKI — a plots of aqueous polyacid solutions are not connected with their macromolecular structure.
On the contrary, the potentiometric peculiarities found for polyacrylic acid in water-ethanol mix-
tures correspond to real conformational tramsitions. They miss for the AA, whose behaviour in
water-ethanol mixtures and water does nor differ qualitatively.

3 — Chemia — 1976
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TRIAZINE (LI)*

Studiul spectrelor IR al unor hidroxi- si hidroxi-amino-1,3,5-triazine

ION CADARIU si EUGENIA GAVRILA

Compusii triazinici sintetizai de A. Ostrogovich si colaboratorii [1]
sint in majoritatea cazurilor amino si hidroxi derivatfi. Aceste substante se pot
prezenta in mai multe forme tautomere. Avind in vedere datele actuale din lite-
raturd am considerat necesar a revizui unele din structurile propuse anterior.
in acest scop am apelat si la spectroscopia de IR.

Studiile de IR ale N-heterociclilor cu grupari hidroxil in pozitiile « $i y au
condus la concluzia ci in stare solidd, in solutie apoasd neutrd si in unii solventi
(CHCl,, CCl,), acesti compusi se gdsesc in forma amidicd [2, 3]. Amino derivatii
analogi, in aceleasi condifii, se prezinta in forma amidinica [4, §]. In cazul parti-
cular al der1va1;110r triazinici cele de mai sus se confirma [6, 7, 8.

In lucrarea de fatd am studiat din punct de vedere spectral 9 compugi. Spectrele IR au
fost inregistrate cu spectrofotometre UNICAM SP 200 G sau UR-10 si UR-20, Carl-Zeiss Jena,
folosind tehnica pastildrii in XBr.

Din p#cate in domeniile utile pentru stabilirea structurii (3600—2500, 1700— 1500 cm—1) se
suprapun vibratiile mai multor grupiri. De aceea interpretarea spectrelor este ingreniata iar concluziile
nu au toate un caracter definitiv, necesitind a fi verificate si prin studiul altor proprietiti.

in continuare vom prezenta rezultatele analizei spectrelor IR [9, 10, 11]
numai pentru cifiva compusi mai reprezentativi. Spectrele celorlalfi derivafi
na relevd aspecte noi $i am considerat cd nu este indispensabil sd fie discutate
amanuntit.

Compusii studiafi de noi sint derivafi cu nucleu de dihidro- sau tetrahidro-1,
3,5-triazind. In spectrul tuturor se manifestd vibratiile caracteristice nucleului
(v. tabelul 1). Acestea se situeaza intre 1580— 1500, 1480 — 1420 si 810—750 cm ™1,
in acord cu alte cercetari [11, 12].

Referitor la vibratiile substituentilor am socotit cd prezintd un interes secun-
dar pentru scopurile noastre analiza vibrafiilor datorate grupdrilor alchilice si
arilice. In consecintd ele vor fi omise din tabelul 1.

Derivagii hidroxilici. Molecula acestora contine un sistem ce poate participa
la un echilibru tautomer de tipul:

SN
N N

(el
j==1

* Nota {L): E. Gavrild §i I. Cidariu, Rev. Roumaine Chim., 19, 1899 (1974).
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Tabel 1
Absorbtiile in IR (em™') si atribuirea lor
Compusul
Atribuirea
1 2 4 I 7
. 3540 s vOH (apa retea)
3280 fi 3420—3330 m } yNH,
3100 fi
3170 i » 3180 m 3195 i } yNH amidic
3070 i 3080 m 3060 m
1735 fi 17201660 fi 1750 i 1650 fi vC=0 amidic
1680 fi ” 1635 fi
1660 —1600 fi SNH,
1570 fi 1610 fi 1570 fi 1550 fi v ciclu
1515 fi 1490 fi 1510 i banda ,,amidi II" sau 3CH,
1410 i 1460 fi 1440 m 1425 i v ciclu
1312 m 1310 i 1370 fi vC—N(C—NH,)
1300 m 1270 m 1270 i banda
1240 m ,,amidi III”
1170 i rocking
1090 s 1100 s NH,
770 s 795 m 790 s 795 m v ciclu
710—670 m 7630 s v NH,
? — atribuire nesigurd
fi — foarte intensa, i ~ intensi, m — moderatd, s — slabd
H
/N . . . . .
O= AN C.H Compusul 1, studiat de noi, poseda doud sisteme de acest
= — Ll 3 " . . .
Hl\[T Il\tT fel. In spectrul sidu (v. tabelul 1) existd doua benzi
\/ ,,amidi I"’ indicind prin aceasta un lant — CO—NH—-CO —,
deci structurd dilactamici [13] si nu monolactamici cum
I ! ; 5
O s-a considerat anterior [14].
1.

Vibratiile yWH amidic sint situate la valori intilnite in cazul amidelor secun-
dare ciclice care formeazd asociatii de tipul [9]:

Derivati hidroxi-aminici. In spectrul acestor derivati se gisesc benzile carac-
teristice amidelor, deci o structurd lactam (II) in ceea ce priveste substituentul
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hidroxil. Pentru cel de al doilea sistem din moleculd, capabil si el de a exista in
doud forme tautomere, s-a crezut cd este prezent in forma imidinicd (IV):

l"i "—NHz /(l: =NH
{ {
"N T “NH

m N

Analiza spectrelor IR sugereazi, in cazul compusilor 2—35 51 8, o structurd ami-
dinicd (III) deoarece se manifestd absorbtii caracteristice gruparii NH,. Ele se
plaseaza in domeniile: 3400—3200 (VNH,), 1700—1600 (3NH,), 1340—1250
(vC—N) si 900—650 (yNH,) cm™?, dupa cum se poate vedea in tabelul 1.

2. X=0 V—NH, Z—=CH,
CH;
H 3. X=0 Y=NH, Z=CHBr, sare ctt CgHy—N
N. \NH
\. 2
X=|/ (—% 4. X=0 Y=NH, Z=CH, - H,0
N N 5 X=0 Y=NH, Z=CH=CH —C,H,
N 6. X=0 Y=NH—-CO—C4H,; Z=CH,
‘![ 7. X=0 Y=NH—-CO—CgH, Z=C.H,
H H
N N
8. O:I/ \”—CHBr—~N——CHBr~—“/ \Izo
|
N N N N N
N\ VRN NZ
NH, NH,

Am constatat ci vibratiile de valentd vNH, se situeazi la frecvente mai mici
decit cele obignuite pentru aminele primare. Aceastd scidere de frecventd a fost
observati de Short si Thompson [15] si la amino-pirimidine ; iar autorii
considerd cd ea se datoreste participirii structurilor polare gi formarii legiturilor
de hidrogen.

_Absorbtia produsd de vibragia vNH, se suprapune uneori peste cea datoratd
lui NH amidic. De aceea in amino-hidroxi derivati nu am putut constata formarea
asociatelor de tip dimer, desi este posibil ca ele si existe.

Banda corespunzétoare vibrafiei de deformare 3NH, se suprapune de obicei
peste banda amidd I, in acesti derivati micsti (compusii 2 si 4), obtinindu-se o
singurd bandi largd (v. tabelul 1).

. O dovadd in plus a faptului cd amino derivatii studiati se gisesc in forma
amidinicd este prezenfa a douid benzi ,,amidi I” si doud benzi ,,amidd III” in
spectrul substantei 7 (Tabelul 1). O pereche de benzi I—III se datoreste amidei
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ciclice iar cealaltd amidei din gruparea substituitd. Tot doud perechi de ben-
zi apar si In spectrul compusului 6.

Pentru a vedea care este pozitia de pro-
tonare intr-un derivat hidroxi-aminic am In-
registrat st spectrul unui clorhidrat (compu-
sul 9). Acesta prezintd urmditoarele absorbiii in

H

N
O="" | ~CH, NH,

N N 9. IR: 3400—2500 (cu maxime la 3040 fi ¢i 2730
N\ ti), 1760 fi, 1700 fi, 1625 fi (largd), 1480 fj,
1 .2HC 1420 fi, dublet: 1280 si 1240 fi, dublet: 1140 i
NH. st 1110 i, 1075 m, 1040 m, 10001, 950 m, 900 m,

850 1, 790 fi s1 730 1 ecm™ L

Ni se pare probabil ca absorbtia de la 3040 ¢! sa fie cauzatd de vibrajia
vNH, 1ar banda largd cu maximul la 2730 cmi™? de vibratia vNH* 9.

Aceste benzi ar sugera protonarea unei grupari aminice primare s$i a unui
atom de azot al ciclului. Faptul este posibil deoarece clorhidratul contine doud
molecule de acid.

Protonarea unui atom de azot a ciclului, vecin dublei legdturi, este intilnitd
si in cazul clorhidratilor de amelind, amelida si melamind [16].

Alternativa ca protonul si se fixeze la oxigen (proces urmat de cnolizare si
de deplasarea sarcinil la atomul de azot al ciclului) asa cumn se presupune ca
protoneazd 2-hidroxi-piridina {177 ni se pare exclusd, deoarece in spectru apar
benzi (la 1760 s1 1700 cmi™!) caracteristice gruparii C=0.

Desi informatiile structurale objinute prin studiul IR au un anumit grad
de nesiguranta, credem cd datele mai sus prezentate conduc la urmitoarele
concluzii

— Derivatii hidroxilici se gisesc, In stare solida, in forma lactam. Gruparea
amidicd (in unii compusi) stabileste legdturi de hidrogen cu o grupare analogi
dintr-o altd moleculd formind dimeri.

— Amino derivatii par si se prezinte in forma amidinicd avind gruparea
NH, implicatd in punti de hidrogen.

*

Autorii aduc multumiri lect. dr. Gerhard Schmidt pentru discutiile utile avute in legdturid cu
prezenta lucrare.

(Intrat in redactie la 24 mai 1975)
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UBER TRIAZINE (LI)
Studium dev IR-Spektren einiger Hydroxi- und Hydvoxiamino-1,3,5-triazine

(Zusammenfassung)

Es wurden die IR-Spektren einiger Hydroxi- und Hydroxiamino-1,3,5-triazine untersucht.

Das Auftreten der charakteristischen Amid-Banden weist auf die Amidstruktur dieser Substanzen
im festen Zustand hin. Die Amidoderivate, die auch in zwei tautomeren Formen auftreten konnen,
weisen wahrscheinlich eine Amidin-Form auf. Es wurde das Auftreten von Wasserstoffbriicken-
bindungen festgestellt, an denen die Aminogruppe und das Amid-System mitbeteiligt sind. Das vor-
liegende Studium hat zur Uberpriifung der in fritheren Arbeiten vorgeschlagenen Strukturen gefiihrt.
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ELECTROZI POROSI PE BAZA DE CARBUNE ACTIV PENTRU ELECTRO-
REDUCEREA OXIGENULUI IN PILE DE COMBUSTIE (1)

Cercetdri asupra stratului catalitic

LIVIU ONICIU, ELEONORA MARIA SUCIU si TEREZA DOGARU

Cercetdri intreprinse in directia elabordrii unor electrozi pentru electrore-
ducerea oxigenului au demonstrat eficienta electrozilor gaz-difuzivi [1—35].
Carbunele activ este frecvent utilizat pentru confectionarea acestui tip de elec-
trozi si poate servi ca electrocatalizator si ca suport pentru depunerea altor electro-
catalizatori [6—12].

Prezenta lucrare prezintd rezultatele cercetirilor obfinute cu electrozi gaz-di-
fuzivi, cu udare controlatd. Electrozii preparati sint alcdtuiti din doud straturi
suprapuse : un strat suport — catalitic activ, avind la bazd carbune activ si

teflon, care Incorporeazd si colectorul de curent si un strat hidrofug, constituit
dintr-o peliculd de teflon.

Conditii de lueru. Electrozii avind o suprafati geometricd activd de 30 cm?® au fost verificati
prin trasarea curbelor de polarizare in celula din fig. 1., conectatd intr-un montaj potenfiometric
(fig. 2).

Misuritorile s-au efectuat intr-o solutie de KOH 6N, iar ca referin{i s-a folosit un electrod de
calomel saturat (ECS); valorile potentialului de electrod s-au exprimat fati de electrodul normal de
hidrogen, iar ca electrod auxiliar s-a utilizat o placd de ofel inox (EA). Contactul dintre electrodul
de calomel si electrodul de studiat (ES) s-a realizat printr-o capilard Luggin, iar experientele s-an
efectuat la temperatura camerei gi la o suprapresiune de oxigen de 14 cm coloani de api.

[ !
]
1
5 o 3
. o
i
E
!
| EA L
i T Pt
X/
] mA
I'ig. 1. Celula utilizatd pentru verifi- Fig. 2. Schema montajului electric utilizat.

carea electrozilor.
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¥Fig. 3. Rezultatcle inregistrate pe cele douid sorturi de ciirbune.

Rezultate si diteutii. Pentru confectionarea stratului suport au fost utilizate doud , sorturi
de carbune activ indigen, (I si II) si curbele de polarizare inregistrate (fig. 3} aratdl o deosebire semni-
ficativa intre performante, mai ales la densitdti de curent ridicate, in favoarea sortului II, ales din
acest motiv pentru confectionarea electrozilor.

Influenta cantitdfii de teflon (DU PONT 30 N) din stratul suport, care in cazul nostru joacd
rol de liant i de agent hidrofug, asupra proprietitilor electrozilor este redats in fig. 4. Concentrafia
optimi corespunde curbei 1 din fig. 4., cind electrozii manifesti atit rezistenta mecanicd necesarid
cit §i porozitatea doritd. Un continut mai scdzut de teflon (curbele 2 si 3) conferd electrozilor bune
proprietdti de porozitate dar o rezistentii mecanicd nesatisficitoare; dimpotrivi, cresterca canti-

1l Z/‘:m‘)

Fig. 4. Influenta cantititii de teflon din stratul suport.
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Fig. 5. Influenta colectorului de curent.

tatii de teflon peste cea optimi {curba 4), duce la electrozi avind bune proprietiti mecanice dar o poro-
zitate insuficientd.

In fig. 5. sint trecute curbele de polarizare obtinute pe electrozi avind diferiti colectori de
curent : plasi de Ag (1); plasd de bronz fosforos michelatd (2 si 3) si plasd de Cu nichelatd (4);
se observd cd performantele optime se inregistreazi cu electrozii avind drept colector plasa de Ag

(curba 1).

i
R
")
£
" e
~400 i~
(\ -
L3ine
L ; L L ; L . : ;
N it} 5 30 i) 50 60 70 86 Bl 150
timA fcm?)

Fig. 6. Rezultate inregistrate pe electrozi: (1) ,neactivat”; (2}, (3) si (4) ,.activafi”
(in ordinea de jos in sus a curbelor).
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R A

N

l L e
73 as 30 00
LmA fem?

2) a doua, (3) a treia si (4)

Fig. 7. Influenta numirului de polariziri: (1) — prima, (

a patra polarizare.

Incercirile de-a miri performantele electrozilor prin activare (incilzire la diferite temperaturi
in curent de aer) nu au dat rezultate pozitive, fig. 6.

In experientele efectuate s-a observat o crestere a capacititii de inciircare a electrozilor cu numsrul
de polariziri efectuate, fig. 7.

Pentru imbunititirea performantelor, in stratul suport s-a adiugat Ag, ca electrocatalizor;
cantitatea optimi s-a dovedit a fi de 59, (in greutate, curba 3, fig. 8). Un adaos mai mare (109, curba
4) nu a dus la imbunititirea performantelor ci, dimpotrivi, la o scidere a lor.

Rezultate bune s-au inregistrat gi prin mirirea suprapresiunii de alimentare cu oxigen, fig. 9.;
suprapresiunea optimé s-a gisit a fi de 28 cm coloand H,0.

Coneluzii. Reducerea oxigenului se desfisoard cu o vitezd relativ ridicatd
(100 mA/cm? la o polarizare de —125 mV/EHN) pe electrozii gaz-difuzivi, prepa-
rati dupa o tehnologie originald, pe bazd de cdrbune activ, teflon si Ag.

1 F
& %, 03
i'{mA/cm !

Fig. 8. Influenta cantitit{ii de electrocatalizor.
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mv/EHN)
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dra et
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Fig 9. Influenta suprapresiunii de alimentare cu oxigen: (1) 7 cm; (2)
14 em; (3) 28 cm; (4) 45 cm coloand H,O.

Performantele intrevad utilizarea electrozilor in pile de combustie cu elec-

trolit alcalin.

[

10.

12.

{Intrat in redactie la 12 rulie 1975)
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FLECTRODES POREUSES EN CHARBON ACTIF UTILISEES POUR LA REDUCTION

CO!

ELECTROCHIMIQUE DE L’OXVGENE EN PILES A COMBUSTIBLES (I)
Recherches concernant la couche catalytique

(Résume)

On présente les résultats des recherches sur des électrodes d’oxygene, gas-difusif, 4 mouillage
ntrolé en charbon actif, PTFE et argent.
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ELECTROZI POROSI PE BAZA DE CARBUNE ACTIV PENTRU ELECTRO-
REDUCEREA OXIGENULUI IN PILE DE COMBUSIIE (II)

Cercetdri asupra stratului hidrofob

L. ONICIU, ELEONORA MARIA SUCIU, I. MITRACHE si DELIA MIHALTE CONSTANTIN

Lucrarea prezintd rezultatele cercetdrilor efectuate in directia Imbundtdtirii
performantelor electrozilor porosi, gaz-difuzivi, pe bazd de carbune, destinati
electroreducerii oxigenului in pile de combustic cu electrolit alcalin, descrisi
intr-o lucrare anterioard [1].

Curbele de polarizare, ¢ = f(7), inregistrate pe electrozi avind straturi cata-
litice identice, pe bazd de Ag, in prezenta si in absenta stratului hidrofob (fig. 1),
aratd cd proprietitile gaz-difuzive ale stratului hidrofob sint raspunzatoare pentru
diferenta dintre performante.

Experimental, s-a cdutat imbundtatirea acestor proprietati prin modifi-
carea tehnologiei de preparare a stratului. S-a actionat asupra urmiatorilor para-
metri: temperaturd de sinterizare (t, °C), timp de sinterizare (r, min.), volum
de suspensie de teflon (v, ml) si concentratia suspensiei de teflon (¢, %), consi-
derafi ca fiind raspunzidtori de proprietdtile gaz-difuzive. Informatii referitoare
la proprietatile straturilor hidrofobe realizate la diverse conditii s-au obtinut prin
masurarea coeficientului de permeabilitate pentru gaz al electrozilor, in prezenta
si in absenta stratului. In acest sens, luind in considerare ecuatia lui Darcy, am
dedus o relatie intre coeficientul de permeabilitate al electrodului fara strat hidro-
fob, numit martor (K,,) si coeficientul de permeabilitate al electrodului cu strat
(K,). In cazul curgerii gazelor prin medii poroase, aplicind ecuatia lui Darcy,
debitul volumetric Q) al gazului la intrarea in electrod este dat de relafia:

K ;i - A
Q‘:__'pt*‘lbe ___ES (1)
2p; Al
i 2p;
~300
z
&
£
’J
-100
0
«100
: : ! ! L ! 5 5 w 05
o] B 2 EY ¢ 0 &0 dmajem
¥ ig. 1. Curbe de polarizare inregistrate pe electrozi cu 29, Ag: 1 — in absenta

. peliculei hidrofobe, 1" — in prezenia peliculei; electrozi fard Ag: 2 — in absenta pelicu-
lei hidrofobe, 2’ — in prezenta peliculei.



ELECIROREDUCEREA O: IN PILE DE COMBUSTIE (I 45

unde
K  — reprezintd coeficientul de permeabilitate al electrodului;
n  — coeficientul de viscozitate dinamicd a gazului;
p; — presiunea gazului la intrarea in electrod;
P, — presiunea gazului la iesirea din electrod;
Ap — diferenfa de presiune sub care are loc curgerea gazului;
Al — grosimea electrodului prin care are loc curgerea gazului;
S§  — aria sectiunii transversale a electrodului prin care are loc curgerea

gazului.

Deoarece Ap = p; — p,, rezultd: p, = p, — Ap; in cazul nostru Ap ~ 15 cm
col. H,0, p, ~ 1048 cm col. H,0. Tinind cont de acestea se ajunge la o formd sim-
plificatd a ecuatiei (1), capabild si exprime pe K,, respectiv pe K,.

Avind in vedere ci grosimea peliculei hidrofobe de teflon este mult mai micid
decit grosimea electrodului fird peliculd (strat) de teflon, se poate considera ci
Al, ~ Al, si, deoarece S, = S,,, se poate scrie:

Ko Qim*A x:
K, Qi x AP,
Din punct de vedere al permeabilitatii fafd de gaz, stratul hidrofob este cu
atlt mai bun cu cit K, este mai apropiat ca valoare de K,,, deci cu ¢it raportul
K, /K, este mai aprop1at de unitate. Experimental, pentru ob;inerea de informatii
s-a urmdrit valoarea acestui raport pentru conditii diferite de preparare a stra-
tului hidrofob. Rezultatele au fost verificate cu ajutorul unui program de calcul
factorial, la doud nivele, capabil si furnizeze informatii asupra optimului [2].
Efectuarea mai multor programz de lucru i respectarea indicatiilor obtinute,
in urma prelucrarii rezultatelor cu privire la modificarea parametrilor, ne-a permls

alegerea punctului de experiment si a domeniului de experimentare redate in
tabelul 1.

Tabel 1
PUNCIUL DE EXPERIMENTARE: ¢(°C) == 325; ¢ (min.) = 5; v (ml) = ¢ (%) = 30.
DOMENIUL DE EXPERIMENTARE: At = £15; A v == +1; ‘Ap = +1; = +15
PROGRAMUYL REALIZAT:
; , KEmlKy
Nr.crt. t(°C) 7(min.) v (ml) (%)
I II
1 —310 —4 —2 —25 0,6320 0,6338
2 -—~310 —4 —2 -+45 0,8720 0,8734
3 —310 —4 +4 — 25 0,5865 0,5877
4 —310 —4 +4 +45 0,8210 0,8190
5 —310 +6 —2 —25 0,6510 0,6522
6 —310 +6 -2 +45 0,7525 0,7527
7 —310 +6 +4 —25 0,6175 0,6177
8 —310 +6 +4 445 0,70650 0,7058
9 -+-340 —4 —2 —25 0,8025 0,8029
10 +340 —4 -2 -+45 0,8850 0,8858
11 +340 —4 +4 —23 0,8060 0,8062
12 4340 —4 -+4 +45 0,7999 0,7992
13 -+340 +6 —2 —25 0,9190 0,9196
14 +340 +6 —2 -+45 0,6110 0,6120
15 +340 +6 +4 —25 0,7920 0,7930
16 -+-340 +6 +4 -+45 0,7545 0,7541
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o(mv/EHN)
]

Fig. 2. Curbe de polarizare inregistrate pe electrozi cu 2% Ag:1 — in absenta
peliculei hidrofobe, 1’ — in prezenta peliculei.

Semnul minus ne indicd valori situate dedesubtul punctului de experiment
iar semnul plus, valori situate deasupra punctului de experiment.

Indicatiile calculatorului pentru datele inscrise in tabelul 1, vizau modifi-
carea parametrilor cu urmaitoarele valori:

— temperatura ¢, cu +0,0457°C,

— timpul de sinterizare 1, cu —0,0251 minute,

— volumul de suspensie v, cu —0,0154 ml,

— concentratia suspensiei ¢, cu -+0,0244%,.

Deoarece modificirile erau doar de ordinul sutimilor, conditiile alese pentru
punctul de experiment s-au considerat in punctul optim realizabil experimental.

Pentru verificarea proprietdtilor stratului hidrofob, realizat in conditii
optime, au fost urmarite curbele de polarizare, ¢ == f(i), pentru electroreducerea
oxigenului (fig. 2).

Diferentele extrem de mici intre potentialele observate la aceeasi densitate
de curent demonstreazi cd stratul hidrofob funcfioneazd in condifii optime.

(Intrat in redacfie la 715 august 1975)
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ELECTRODES POREUSES EN CHARBON ACTIF UTILISEES POUR LA REDUCTION
ELECTROCHIMIQUE DE IL'OXYGENE EN PILES A
COMBUSTIBLES (II)

Recherches concernant la couche hydvophobe

(Résumé)

On présente les résultats des recherches concernant l'optimisation de la couche hydrophobe de
Vélectrode gas-difusif d’oxygéne utilisée dans des piles & combustible.



© STUDIA UNIV. BABES$-BOLYAI, CHEMIA, 21 {1976)

STUDIUL SCHIMBULUI IZOTOPIC INTRE ACIDUL DECAWOLEFRAMO-
DINIOBIOSILICIC $SI ¢-METAWOLFRAMATUL DE SODIU MARCAT CU
W-185.

LETITIA GHIZDAVU

Numarul cercetarilor care se ocupd cu studiul reactiilor de schimb izotopic
ale heteropolicompusilor, precum si cu gésirea unor corelatii intre acestea si natura
legdturilor chimice din polianioni, structura si stabilitatea lor, este destul de limi-
tat. Totusi, putem cita studiile efectuate in clasa heteropolicompusilor 1:12 de
Spitsin sicolaboratorii {1—4)], Ripan si Marcu [3—7], Wolff si
colaboratorii {8] precum si in clasa 1:6 efectuate de Tsigdinos [9] si
L ee [10]. Schimbul izotopic al adenzilor wolframat si molibdat ai heteropolia-
nionilor complecsi este foarte diferit fatd de schimbul liganzilor sau atomilor cen-
trali in complecsi coordinativi conventionali, din cauzd cd in structura heteropoli-
compusilor : fiecare atom de W sau Mo este el insugl un atom central in octaedrul
propriu, MO, ; majoritatea atomilor de O dintr-un octaedru MO; sint coordinafi
si la alti atomi de metal; speciile atomice care schimbi nu sint legate direct de
atomul central. Tsigdinos [9] aratd c¢id la reutm de schimb izotopic in
cazul 6-heteropolimolibdafilor participd grupiri MoOj~ si atomi de O ai solven-
tului.

in dorinta de a obtine date cu privire la comportarea anionului decawolfra-
modiniobiosilicat in solutie, structura si natura legiturilor chimice din polianion,
am efectuat experiente de schimb izotopic omogen intre solutii de acid decawol-
framodiniobiosilicic $i wolframat de sodiu marcat cu W-185 si acidulat la pH =
= 3,5 respectiv 4,7, concentratii finale de 0,1 My si temperatura camerei.

Partea experimentald. Solutiile de wolframat de sodiu marcate cu W de pH = 3,5 5i 4,7
si eoncentratii initiale 0,2 My au fost obtinute prin adiugarea unei cantitdti bine cunoscute de
Na,' WO, 2H,0 la solutia initiald de Na,WO,, urmati de acidularea la pH-ul dorit cu H,SO,2N.
In solutia rezultati au loc procese de agregare-condensare a wolframatului cu formarea J-metawol-
framatuluni de sodiu, Nay[H1#W,0,,] care participid de fapt la reactia de schimb izotopic (solutia 1).

Solutiile de Hy[SiW,Nb,0,4,10,2 My au fost preparate plecind de la un compus pur proaspit,
preparat dupi metoda descrisd in lucrarea [8], iar pH-ul s-a corectat la valoarea de lucru 3,5 respectiv
4,7 cu NaOH 1M. (solutia 2).

Misurarea pH-ului solutiilor s-a efectuat cu ajutorul unui pH-metru MV-11,

Pentru realizarea reactiei de schimb izotopie, volume egale (50 ml) din solutiile reactante 1 si 2,
ambele ajustate initial la acelasi pH, au fost amestecate la temperatura camerei, acesta fiind conside-
rat timpul zero al schimbului, Aparifia 18W in compusul H,[SiW,,Nb,0,] s-a pus in evidentd prin
separarea la intervale de timp bine determinate a celor doi reactanti, utilizind extractia selectivi a
heteropoliacidului in alcool n-butilic. Prin masurarea radioactivititii a cite 1 ml din cele doua faze,
apoasd si alcoolicd s-a determinat repartitia #3W intre cei doi reactanti. Lucrul in alb a ardtat ca
prin extractie cu alcool n-butilic are loc separarea completd, cantitativd a acidului Hy[SiW (ND,0y]
prezent in faza organici de J-metawolframatul de sodiu, care rimine in faza apoasa.

Rezultate si diseutii. Reactia de schimb izotopic In mediu omogen, urmadrita,
poate {1 redatd de urmitoarea ecuatie:

[SiW;oNDyO,0 )% + [H®Wg0,, 13~ [Si185W(NbyO4y 57 + [HeWeOyp [~ (1)
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Au fost determinate mirimile caracteristice ale acestei reactii de schimb
izotopic, fractia de schimb, F si timpul de semischimb, t,,. Fractia de schimb
s-a determinat prin metoda de calcul, din repartitia radioactivitafii intre faza
organici si cea apoasd, iar ty), prin metoda grafica, din reprezentarea lg(1 — F) =
= f(timp), c¢ind ty, corespunde valorii F = 0,5 respectiv Ig(l — F) =1g0,5 =
= 1,69879. Rezultatele sint trecute in tabelele 1, 2 si fig. L. )

Tabel 1

Sehimbul izotopie omogen intre H [SiW,; Nb,O,,1 si Na,[H®*W,0,,71a pH = 3,5 si
temperatura de 20°

Activitatea specificd
NroL b puls/min SI v, 10 (1— 1) 1g (1 — )
totald l schimbati
1 0 10680 0 0 0 1
2 10 10629 554 5,21 0,1038 0,8962 1,95240
30 10963 1172 10,69 0,2138 0,7862 1,89551
650 10733 1932 18,00 0,3600 0,6400 1,80618
3 80 10704 2098 19,60 0,3920 0,6080 176389
6 110 10663 2779 26,05 0,5212 0,4788 1,68015
7 140 10693 3245 30,34 0,6069 0,3931 1,59448
8 200 10671 3858 36,15 0,7225 0,2775 1,41330
Tabel 2
sehimbul izotopic omoyen ‘ntre H[SiW,ND,Oy0 ] si Na, H W0, 1a pH = 4,7 si
temperatura de 20°
. Activitatea specifica .
N i o1 : a s
Nroo| puls/min I 1 -1 lg(l — I
! totala 1 schimbatd |
1 0 11235 0 0 0 1
2 10 11261 1049 9,31 0,1863 0,8137 1,91045
3 24) 11300 1504 13,31 0,2662 0,7338 1,86559
30 11185 1991 17,80 04,3560 0,6439 T,80884
5 &4 11270 3033 29,32 0,5383 0,4617 1,66435
6 80 11259 35344 31,48 0,6295 0,3705 1,56881
7 100 11199 3989 35,58 0,7116 0,2884 1,45998
8 1460 11248 4634 41,20 0,8240 0,1760 1,24550

Dinfig. 1 curbele 1 si
pentru sistemul de pH =

2 se determind timpul de semischimb t;, = 102 min.,
3,5 sl ty, = 56 min., pentru sistemul pH = 4,7 si

arati ¢ schimbul izotopic al B5W intre Hy SiW Nbo,Oyy] si Na,[H% W0, ]
decurge cu o vitezd medie. :

4 — Chemis — 1976
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Se stie cd, in general, viteza re-
actilor de schimb izotopic a ligandu-
lui este determinati de natura lega-
turilor chimice din combinatia com- tgli-f)
plexd ; astfel, dacd legdtura atom
central-ligand este covalentd, reactia T
de schimb izotopic este lentd; daca
legatura atom central-ligand este io-
nicd reactia de schimb izotopic este

02t N

rapida, iar dacd legdtura atom central- T i
ligand este covalenti cu un anumit [ by
grad de ionicitate, reactia de schimb 0 20 W@ B0 B 100 R0 10 180 ‘31 200
izotopic decurge cu o vitezd medie. e Timeny

. Faptul ca in _S}Stelnul studiat, Fig. 1. Schimbul izotopic omogen in funcfie
acid decawolframodiniobiosilicic--me- de pH: curha 1: pH = 3,5; tyz = 102 min;
tawolframat de sodiu, schimbul izoto- curba 2: pH = 4.7; tij2 = 56 min,

pic al'® W decurge cu o vitezd medie

atit pentru pH == 3,5 c¢it ¢ pentru pH = 4,7, constituie o dovada ca intre atomii
de wolfram si oxigen in sfera de coordinare a heteropolicompusului legaturile sint
covalente, partial ionice. Schimbul izotopic mai rapid la pH = 4,7 decit la
PH = 3,5 se explicd prin scaderea stabilitdtii heteropolianionului o datd cu cres-
terea pH-ului.

Comparind aceste rezultate cu cele obtinute de alti autori {7, 9, 11! pentru
heteropoliacizi si unele combinatii complexe, pentru reactia de schimb izotopic
a wolframului in sistemul studiat si redata de ecuatia (1), propunem un mecanism
de substitutie.

(Inirat in redactic la 15 sef

srie 1975 %
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L'ETUDE DE I'ECHANGE ISTOPIQUE ENTRE I/ACIDE DECATUNGSTODINIORIOSILICI-

QUE ET LE J-METATUNGSTATE DE SODIUM MARQUX AVEC W-185
(Résumé)

On a étudie l'échange istopique homogéne entre l'acide decatungstodiniobiosilicique et le ¢-
metatungstate de sodium marqué avec W-185 au pH 3,5 et 4,7 a la température ordinaire. Les temps
d’échange déterminés, tijz = 102 min. pour le systéme de pH == 4,7 montrent que I'échange istopi-
que du W-185 entre H,[SiW,,Nb,0, ] et Na,[H W ,0,,] a une vitesse modérée, la réaction se dérou-
lant par un mécanisme de substitution.
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COMPORTAREA TERMICA A DECAWOLFRAMODINIOBIOSILICATULUI
DE AMONIU

GHEORGHE MARCU, LETITIA GHIZDAVU si EUGENIA PERTE

Lucrarea de fatd cuprinde rezultatele obtinute in studiul combinatiei
(NH )6 SIW (Nb,O, | - 4H,O in fazd solidd, solicitind in acest scop metoda
termogravimetricd si termodiferentiald, completatd cu difractia razelor X si
absorbtia in infrarosu. Aplicarea primelor doud metode permite dezviluirea conti-
nuid a transformirilor ce au loc pe masura cresterii temperaturii, in timp ce ulti-
mele doua marcheazd caracteristicile fazei intr-un interval de temperaturad dat.

Partea cxperimentali. Inregistririle termogravimetrice si termodiferentiale au fost realizate
cu un derivatograf Paulik-Erdely tip OD-102, pind la temperatura de 800°, {ird mentinere in
conditii izoterme, cu o vitezd de incidlzire de 6°/minut, greutatea probei de 350 mg si sensibilitatea
balantei de 50 mg.

Pentru determindrile roentgenostructurale s-a apelat la metoda pulberilor, folosind un aparat
FU—~R~—M 60 Dresda, cu o camerd Debye-Scherrer avind diametrul de 57,5 mm. S-a lucrat cu anti-
catodd de Cu (x¢y K, = 1,54050 A), filtru de Ni, la 50 kW si 10 mA. Durata de expunere a fost
de 8 ore.

Spectrele de absorbtie in infrarosu s-au inregistrat la un aparat UR-10, Karl Zeiss- Jena, pre-
pararea probelor efectuindu-se dupa tehnica pastilarii in KBr. Densitatea s-a determinat picnometric,
folosind ca lichid picnometric orto-diclorbenzen p.a., la 20¢

Rezultate si diseutii. 1. Studiul termic. Din figura 1, in care este prezentata
pierderea in greutate (ATG- fig. 1.1)), derivata ei (DTG- fig. 1.2), temperatura
diferentiald (ATD- fig. 1.3) si variatia temperaturii cu timpul (T° — fig. 1.4),
se observa cd deshidratarea compusului (NH,), SiW,,Nb,O,, | - 4H,O 1incepe
la 50° si se desfdsoara in trei etape:

— in prima etapa, cuprinsd intre 20° si 250°, are loc eliminarea unei singure
molecule de apa de cristalizare, concretizati printr-o pierdere in greutate de 0,63% ;

— etapa a doua, Intre 250° si 355°, corespunde elimindrii a incd doud mole-
cule de apa st a sase molecule de amoniac. Procesul de deshidratare si dezamoni-
zare se traduce pe curba ATG printr-o pierdere in greutate de 5,059 ;

— etapa a treia, situatd intre 355° si 550°, reprezintd o pierdere in greutate
de 0,605%, si corespunde eliminirii ultimei molecule de apd. Pierderea totald pe
curba ATG rezultatd din insumarea celor trei etape este de 6,2859,, in foarte
bund concordantd cu valoarea obtinutd din calcul, de 6,2759,.

Pe curba termodiferentiala (fig. 1.3) se evidentiazid doud efecte endotermice
si unul exotermic. Efectele endotermice cu maximele situate la 220°, respectiv
340°, corespund etapelor de deshidratare, respectiv deshidratare si dezamonizare,
Etapet a treia de deshidratare nu ii corespunde un efect endotermic, ca urmare
a unei reactii ce are loc cu degajare de cdldurd si care mascheazd manifestarea
procesului endoterm.

Cele trei etape decurg cu viteze diferite, fapt bine ilustrat pe curba DTG
(fig. 1.2). Odatd cu eliminarea ultimei molecule de apid, are loc descompunerea
anionului [SiW, Nb,0O,,1% si o rearanjare structurald, marcatd de efectul exoter-
mic de la 528°.
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Tabel 1
Valoarea indicilor planelor de reflexie, intensitatea
liniilor si sin® 0 observate si caleulate pentrn
(NH,) 4 [S1W N0, ]-4H,0
LN -
>k Intensit.* (sin®0)obs. (sin? 0)cale. s
1 L
2 1 0,00863 0,00865 ™
4 1 0,01718 0,01728 4
6 1 0,02576 0,02592 £
8 8 0,03444 0,03456 "‘
10 7 0,04323 0,04320
12 10 0,05180 0,05189 }
14 7 0,06026 0,06053
16 9 0,06934 0,06912
18 1 0,07805 0,07781
20 1 0,08673 0,08650 0 2200\ N
22 10 0,09534 0,09514 1 20k
26 9 0,11249 0,11259 e
30 8 0,12968 0,12975 @30 |-
33 8 0,14233 0,14256 E
38 2 0,16448 0,16425 Jor
45 3 0,19490 0,19460 Fgo b
51 10 0,22058 0,22052 3 30"
56 3 0,24215 0,24220 &60 -
64 10 0,27690 0,27680 &
67 9 0,28961 0,28964 sn0 -
75 1 0,32371 0,32400 850 |
80 1 0,34550 0,34560 .
84 1 0,36306 0,36288 90 |
96 1 0,41477 0,41472 )
100 1 0,43206 0,43200 Lok
104 1 0,44948 0,44928
108 1 0,46674 0,46656 Fig 1. Curbele analizei termice pentru
* H—-10 — foarte intens: 7 -8 — intens; 5—6 — medin: (N}IJ)G IRIWNDy0yp ] » 4H,0 & 1 ATG;
G4 o sluh: 122 Joarte slab, 2. DTG 3. ATD; 4. T

Pentru a ne convinge de natura acestor cfecte endo st exotermice si pentru
gasirea unor dovezi in sprijinul presupunerilor noastre, am preparat probe pentru
difractia de raze X gi absorbtia fn infrarosu, prin inghetarea echilibrelor ia diferite
temperaturi situate In preajma punctelor de transformare indicate pe curba ATD
(fig. 1.3).

2. Studiul roentgenografic. Din datele roentgenostructurale obtinute pentru

combinatia (NH,)¢ SIW,Nb,O,,] - 4H,O, la temperatura camerei si caprinse
in tabelul 1, s-a calculat valoarea dimensiunii cclulei clementare a = 11,72 +
+ 0,04 A.

kil

Avind In vedere ca in girul de numere care reprezintd $7 ;2 apar valori impare,
B Lt H

1
la baza structurii sta o retea cubicd primitiva, celula elementard fiind constituita,
prin dispunerea a 8 molecule de (NH,),[SiW;,Nb.,O,,i - 4H,0 in apartenenta 1/8,
avind aceeasi orientare pe colfurile unui cub cu latura cgald cu a. Atit izomortis-
mul ¢it g1 coincidenta dimensiunii celulei elementare cu ale combinatiilor:
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CsygH, [PMo, (V,0y4] - 0—2 H,0; CsaH [S1W,040] - 0—2 H,0 ] §i
Cs; [PMo,(V,0,] - 5H,O [27, ne permit sd tragem concluzia cd anionul este iden-
tic constituit. Combinatia studiatd, avind dimensiunea celulei elementare apro-
piatd de cele obtinute de alti autori pentru heteropoliacizii simpli, consideram
cd prezintd o structurd de tip ,,Keggin” modificatid. Se pistreazi toate caracte-
risticile tipului ,,Keggin”’, modificarea datorindu-se faptului c¢d in centrul a doi
octaedri liganzi in loc de W8+ se giseste Nb3+, Cei doi ioni Nb3+ sint dispusi
in doua grupe coordinative diferite, coordinate tetraedric in jurul atomului central
de siliciu. Faza ,,Keggin’ este insd bine definitd numai in domeniul de tempera-
turd 20°—330°, cind reteaua cristalind este stabild gi corespunde structurii
(NH,)[S1W(Nb,O4y - 4H O. In fig. 2 este redata evolutia spectrelor de difrac-
tie roentgen ale (NH, )6 hl\le\b O4ol - 4HO la  diferite tcmperatun, a ameste-
cului (81()2 +— 10WO,; + Nb,0;) si a WO, singur pentru identificare.

Intre spectrul combinatiei obtinut pe probe la temperatura camerei, la 240°
si 330° nu existd deosebiri, deci substanta 1si pastreaza structura initiala de cub
primitiv nealteratd. Diagrama Debye-Sclierrer a probei calcinatd la 360°, pune
in evidenta aparitia unor reflexe deosebite ce caracterizeaza o noud faza cristalind
predominanti si stabild atit la 800° cit si la 950°. Intre 360° si 950° proba se
comportd ca un amestec dc oxizi, diagramele de difractie fiind identice cu diagrama
amestecului de (S10, 4 10WQO, + Nb,O;) calcinat la 800°. Predominanti in
noua structurd C*lbta]llld este reteaua tetragonald a WO, [3], contributia celorlalti
doi parteneri fiind infima.

Prin corelarea datelor analizei roentgen cu determinarea picnometricd a den-
sitatii, s-a putut determina masa moleculard a heteropolicombinatiei dupa rela-
tia [4]:

d- a®
1,6604 - n

unde : d = densitatea In g/cm?; ¢ = dimensiunea celulei elementare ; 7 = numé-
rul de molecule pe celula cluncutaré; 1,6604 = masa In grame a unui atom ipo-
tetic de masd atomica 1,000.

Valoarea densitdtii obtinutd cu o precizie de 40,05 este d = 2,97 fata de cea
calculatd de 2,964 g/em?, apartenenta # = 1 iar M = 2880, in foarte bund con-
cordantd cu masa moleculard calculatda 2872,814.

3. Studiul de absorbtie in IR. Figura 3 prezintd spectrele de absorbtie in
infrarosu ale (NH,)[S1W,,Nb,O,,] - 4H,O la temperatura camerei si la diferite
temperaturi din preajma punctelor de transformare termicd.

Spectrul obtinut la temperatura camerei contine patru benzi de absorbtie in
domeniul 790—1020 cm™. Faptul cd maximele de absorbtie se situeaza la valori
ale numerelor de undd apropiate de cele corespunzitoare combinatiei 1:12 inru-
dita, [5—8] acidul dodecawolframosilicic de structura , Keggin”, constituie o
dovadi directd a structurii de tip ,,Keggin” a combinatiei studiate. In spectrul
de absorbtie obtinut la temperatura camerei mai sint prezente atit vibratiile
de deformare ale NHj la 1414 cm ! cit i ale HOH la 1640 cm™?, care, pe misura
cresterii temperaturn scad in intensitate pind la disparitie. In sputrcle pmduqﬂor
de calcinare de la 360° s1 800° se contureazd o bandd de absorbtie cu doud umere,
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Fig. 2. Diagramele Debye-Scherrer ale I"ig. 3. Spectrele IR ale (NH,) {SiW ,Nb;0,,]-
(NH,)[SiW(Nb,0,,1-4H,0 si ale etalonului, la  -4H,0:1. la temperatura camerei; 2. la 240°;
diverse temperaturi. 3. la 360°; 4. la 800°; 5. amestec mecanic:

8i0, + 10WO, + Nb,0;, la 800°.

la 780 cm™* i 890 cm ™! i un maxim la 830 cm™!. Comparindu-le cu spectrul etalo-
nului compus din amestecul (Si0, + 10WO,; + Nb,O;) se observi ci acestea sint
aproape identice. In domeniul de numere de undi studiat, componentul principal
in amestec fiind WO,, spectrul obtinut este foarte asemanitor cu al acestuia,

Concluzii, 1. Compusul (NH,),[SiW,;,Nb,O,,] - 4H,O cristalizeazd in siste-
mul cubic primitiv. Dimensiunea celulei elementare a este egali cu 11,72 +
+ 0,04 A. Pe baza izomorfismului combinatiei studiate cu Cs;[PMo,,V,0,,] -
- SH,0, i s-a atribuit o structurd ,,Keggin modificatd”.

2. In favoarea acestei structuri pledeaza si spectrul de absorbtie in infrarosu
obtinut la temperatura camerei, care atestd prezenta benzilor de absorbtie carac-
teristice structurii ,,Keggin”, in domeniul numerelor de undd 790—1020 cm™t,

3. Studiul termic a ardtat cid faza ,,Keggin’’ se menfine pina la deshidratare
si dezamonizare completd. In urma acestor procese are loc descompunerea, deci
modificarea structurii anionului poliwolframic. Roentgenografic §i cu ajutorul

spectrelor IR s-a identificat noua fazi cristalind ca fiind un amestec format din
Si0,, WO, si Nb,O,.

(Intrat in redactie la 18 septembrie 1975)
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LE COMPORTEMENT THERMIQUE DU DECATUNGSTODINIOBIOSILICATE D'AMMONIUM

{(Résumé)

On a étudié (NH,),[8iW,,Nb,0,,]-4H,0 en état solide par les méthodes : thérmogravimétrique,
thérmodiférencielle, de la diffraction des rayons X et de 'absorbtion en infrarouge.

(NH,)s{SiW ,Nb,O40]-4H,0 se cristallise dans le systéme cubique primitif, la grosseur de la
cellule élémentaire a étant 11,72 + 0,04 A. A partir de l'isomorphisme de la substance avec
Cs,[PMo,V,0401: 5H,0 [2] et du spectre I.LR. on lui a attribué une structure ,,Keggin’ modifiée.
Cette structure , Keggin” se maintient jusqu'a 360°C, température au-dessus de laquelle se produit
la décomposition de I'anion et on constate le passage a une nouvelle structure cristalline, correspon-
dant a4 un mélange d’oxydes. La masse moléculaire de la substance est M = 2880.
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DETERMINAREA POTENTIOMETRICA A SO~ PRIN TITRARE CU
PH(NO,), SI ELECTROD DIN PbSe MONOCRISTAIL SINTETIC

TOVANGA HAIDUC, D. €. CORMOS si M. NANDREA

Introducere. Adeseori este necesar controlul continutului de ioni SO;~
in diferite produse naturale si siutetice: ape naturale si industriale, alinuente,
aer, gaze reziduale, ingrisiminte, produse farmaccutice, combustibili ete. In
literaturd existd numeroase metode chimice i fizico-chimice de determinarc a
ionului SO2~. In ultimul timp, in acest scop au fost recomandate unele metode
clectrometrice in special potenfiometrice. Electrozii indicatori folositi in nietode
potentiometrice sint: din amalgam de bariu [1] sau plumb [2] si electrozi mem-
brand ioni sensibili.

Dintre electrozii membrand ioni sensibili cei mai indicafi ar fi electrozi

membrand SO~ — selectivi. Realizarea unor astfel de electrozi nu este ugoard
si abia in ultimual timp au fost descrigi electrozi membrand SO~ — sclectivi

solizi (3, 4] si lichizi [5]. Electrodul membrand solid obtinut de Mohan si
Rechnitz are panta nernstiand in domeniul pSOF~ 24 [4], iar electrodul
niembrand lichid [3] in domeniul 1—3. Mult mai mult au fost insd folositi in
determinarea sulfatului electrozi membrand Ph(II) — selectivi [6—11_, Ba(II)-
selectivi (12, 13]. Electrodul membrand Orion Ph(II) — sensibil [87 a fost uti-
lizat cu succes la determinarea SO, din gazele de ardere provenite de la fabricarca
H,80,, de la topitoriile de plumb si din industria ofelului.

Trachtenberg si Jasinski [14] au utilizat in determinarca S0OF -
din ape marine si ape industriale uzate electrodul membrand Fe(ITI) scusibil,
obtinut din sticld dopatd cu calcogenurile de fier Fe,(GeyoSbhypSegp)iar Akimoto
si Hozumi determind pind la 0,5 mg SO}~ cu electrodul de sticlda Na(l)
selectiv {157

In lucrarea de fafii sc prezintd rezultatele determindrii SO?— prin titrare
potentiometrica cu Pb(NQy),, utilizind electrodul membranad de PhSe monocristal
sintetic, electrod Pbh(II) — sensibil.

Partea experimentald. Electrodul @ Determindrile s-au efectuat cu un electrod din PhSe monocris-
tal sintetic sensibil la Pb(II) [16] si electrod saturat de calomel (ILSC).

Solugiile : Toate solutiile s-au preparat din reactivi p.a si api bidistilata. Solutia etalon de Ph(NO,),
0,1 M s-u preparat din plumb metalic 99,9999 prin dizolvare in HNO, 1/1. Solutia de Na,50,
0,1 M a fost standardizati pe cale gravimetrici, sub formid de BaS0,. Solutiile de Pb{NO,), 10-* —
— 10—*M cit i cele de Na,S0, 10-2 — 10743 s-au obtinut prin diluarea solutiilor etalon.

Mdasurdtorile s-au efectuat cu un pH-metru MV-80 iar potentialele s-au misurat cu o precizic de
41 mV,

In titririle potentiometrice probele au avut un volum de 50 m! in alcool etilic 50°,. Lantu! clee-
trochimic utilizat a fost:

ESC | sifon din solutia de SOi~| electrod contact
agar-agar in I membrand | metalic
KNO,; 0,1M I din PbSe Ag/Cun
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Rezultate si diseutii. Influenta solventului. Pentru
micgorarea solubihtatn PbRO, titrdrile au fost efectuate
in dioxan sau alcool etilic. In flg 1 este redatd influenta
solventului asupra saltului de potential in titrarea SO~ iar
in tabelul 1 caracteristicile curbelor de titrare:

Tabel T
Influenta solventului asupra titrdrii potentiometrice a S0~
cu Ph(NO,;), si electrod din PhSe

solvent SO}~ luat v, AE o0 SO gisit] SOI~ ny

o mg mi v mg mg /0

259 dioxan 50,55 5,02 20 40,45 10,1 | 9,0

5 509, dioxan 50,55 3,26 25 48,30 2,25 | 4.8

mi PEIND,), 01M 300, EtOH 50,55 5,54 28 50,80 025 10,5

Fig. 1. Influenta sol- 90% LtOH 50,55 3,52 40 §O,61 0,06 | 0,1
ventului asupra ’Eitr&rii 70%, EtOH 50,55 5,51 62 50,58 0,03 0.05

a 5 ml SO~ 0,1 M cu 85¢) EtOH 50,55 5,54 80 50.80 0,25 | 0,5

Pb(NO,J, 0.1 3 si c-
i‘ggﬁﬁ S;‘)‘Q PhSe: 001/- Volumul de inflexiune ¥, a fost determinat prin me-
dioxan : 5 g()’%"Eth{” toda Hahn-Weiler [17]iar saltul de potential in ju-
4,509 EtOH; 5. 700, rul punctului de echivalen{d AE ... a fost evaluat grafic.
EtOH: 6. 859 EtOH. Cel mai mare salt de potential se obtine in cazul unui mediu
de 859, alcool. Saltul de potential in jurul punctului de
echivalen{d este AE 4., = 80 mV (fig. 1, curba 6), dar cum po‘fcntlalde se stabi-
lesc mai lent s-a ales ca mediu pentru urmdtmrele titrari EtOH 509%,. In acest
mediu se misoard un salt de potential AE ., =40 mV (fig. I, curbq 4) sufi-
cient pentru o determinare precisd. Dupa ﬁccare adaos de reactiv trebuie ag-
teptat doar 20—30 secunde.

Influenta concentratici tonulut S0%~, Saltul de potential in jurul echivalentei
depinde si de cantitatea de ioni Oz‘ din pmbi asa cd s-au efectuat titrdrile
unor probe ce contin 50 mg, 5 mg si 0 5 mg SO~ in 50 ml solutie de EtOH 509,
Rezultatele cantitative ale acestor determiniri sint redate in tabelul 2:

Tabel 2

Determinarea SO}~ prin titrare potentionietrieit eu Ph(NOy),
si electrod din PhSe in aleool etilie 509.

SO luat SO0 gasit | s0i- .
mg mg f mg N
50,58 0,03 0,05
. 50,55 50,36 0,01 0,02
50,80 0,26 0,50
5,051 0,004 0,08
5,055 3,089 0,034 0,67
5,061 0,006 0,10
0,5318 ’ 0,026 5,10
0,5055 0,5263 0,020 3,90
0,5291 0,023 4,50
0,4920 0,013 2,55
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Ionul SO}~ prin titrare potentiometricd cu electrodul din PbSe se poate
determina pina la concentratie de 5 X 107* M. La nivelul de concentratie 1074
(0,5 mg sulfat in proba) s-a obtinut o eroare relativa de 2,5-—59,.

Influenta ionilor de Cl—. Anionii: Cl—, HCOy, PO3~ insotesc ionul SOF~in
diferite materiale i jeneazd determinarea sa prin titrare cu Pb(NQ,),.

Efectul nefavorabil al ionului HCOj se elimind prin ajustarea pH-ului la 4
si fierberea probei.

Concentratia ionului PO}~ se poate micsora prin utilizarea risinilor schim-
bédtoare de cationi in forma argint {101 pind sub nivelul de concentratie jenant.

Cl™ este anionul prezent in multe probe pe lingd SO}~ (in ape naturale si
industriale, in sare gemd etc.). In vederea aplicirii elcctrodulm din PbSe mono-
cristal sintetic la determinarea SO}~ din aceste probe s-a urmairit in continuare
mfluenta raportului [C1™]/[SO}~] asupra determindrii SO}~ Titrdrile s-au efectuat
in mediul de EtOH 509,. In tabelul 3 sint redate rezultatele acestor determindri.

Tabel 3

Determinarea SO}~ prin titrare potentiometricii cu Ph(NO,),
si electrod din PhSe in prezenta (1.

7] | S0z~ luat | SO gasit* | SOI- cor
[S02—] mg mg my e
1 50,55 50,43 0,12 0,23

4 50,55 51,53 0,98 1,93

10 50,55 49,15 1,40 2,80
20 50,55 33,28 17,27 34,16

* Rezultatele sint media a cinci determindri.

Din determindrile noastre reiese ci determinarea ionului SO;™ este posibila
pind la raportul [CI=]/{SOZ~} = 10. La raportul clorurd/sulfat > 10 este nece-
sard micsorarea concentratiei clorurii din proba pind la raportul 10, folosindu-se
in acest sens procedeul de separare pe rdgini schimbétoare cationitice [10].

Avind in vedere rapiditatea metodei, aparatura usor accesibild cit i precizia
metodei, se recomandi utilizarea ei in controlul apelor si a produselor industriale.

(Intrat in redactie la 4 octombrie 1975)
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POTENTIOMETRIC DETERMINATION OF SO}~ IONS BY TITRATION WITH Pb(NO,;), AND
SYNTHETIC SINGLE CRYSTAL PbSe ELECTRODE

(Summary)

The potentiometric determination of SO}~ ion by titration with Pb(NO,), was carried out
by means of a synthetic single crystal PbSe membrane electrode used as indicating electrode.
Ethyl alcohol (50%) was used as titration medium. By this method the SO}~ ion can be determined
to a concentration level of 5.10—* M. with a relative error of 0.5%. In the presence of Cl— ions, the
sulfate can be determined up to a Cl—/SOZ2~ ratio of 10 4 2.8%,. The method is recommended fot
the industrial products and water control.
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CONTRIBUTII LA STUDIUL FENOMENELOR DE UMECTARE IN CIM-
PURI GRAVITATIONALE VARIABILE (II)

L. ONICIU, I. MITRACHE si Y. A. TOPAN

Configuratia stabild a lichidului pe suprafata pland, solidd, in cimp ﬂmmla—
Yional nul. Ecuatia dﬂeren‘gala a lui Fuler este datd de expresia:

y — mg(d, — d )22 7:)‘),2] —mo(d — ) , "

— | 2rwp ———r

dy[ g V 1+ 57
intilnita in [17].

Dacd g = 0, ecuatia (1) devine:

d z
(o — v ) =0
dy( W e V= (2)

Prin integrarea ecuafiel (2), obtinem:

2

2w,

ey — N2 = K (8
R ®
unde K este o constantd de integrare.

Dacd pentra v = 0, 2’y este finit, din (3) avem K = 0. In acest caz (3)
devine :

z 1y
= -t 4
\//1 42’ 2wy ( )
Din (4) se obtine:
, o
T (5)
I dwy, — 32y
Integrind ecuatia (5) rezultad:
z = F 1 1/44)[: — 3y - C (6)
A

Conform ecunatiei (6) curba z = f(y) este un cerc.
FEcuatia (6) se mai scrie:

w+@—®%{%ﬁ (7)

A

Expresia (7) este ecuatia unui cerc cu centrul pe axa Oz, avind coordonatele
(O C) iar raza 7 = 2wy, 1. Intrucit centrul cercului se giseste pe axa Oz, rezultd
cd in clmp gravitational nul, configurafia stabili a lichidului pe suprafata pland
solidd este o calotd sfericd. Aceasta are raza cercului de bazd (suprafata de con-
tact a lichidului cu solidul) egald cu R, iar inilfimea /. Acesti doi parametri
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trebuiesc calculati. De asemenea, pentru ca ecuatia (7) sd fie complet determinata,
trebuiesc calculati si parametrii C si 2.

Calculul parvametrilor C, R, It si n. Volumul lichidului este dat de expre-
Fie

sia V = S —myv2'dy, intilnitd In [1]. Combinind aceastd expresie cu (3) si inte-

0
grind prin parti obtinem:

3
w, 2 2 o i
V=7 [5* SR gt Ryt 2 L ag? )ﬁRZ)*‘“] (8)
3 33 s 3 28 .
Din ecuatia (5), pentru v = R, obtinem:
. - AR
Ry — T ©)

’ \/4w;“)v — XER?

Semnul minus se referd la 0 << n/2, iar plus la 0 > =/2.
Din [1] se stie ca:

\/w/( ”’1;

ok o (10)
Din ecuatiile (9) si (10) rezultd:
AR = 2w} — w;)'? (11)
Din ecuatiile (8) si (11) avem:
R = 3y 2 N 9 ; ! ,{ 3""‘“”' —1/3 12
( - } (wlir - wls) ( w E YC - v s > ' ( ‘J)
Prin combinarea ecuatiilor (11) si (12) rezultd:
:2 _7‘»—) 2 3 1 a_*SL,_M. 1/ 13
(2] (2w + wi— et w0 (13)
Din fig. 1 prezentata in [1], rezultd ca-
pentru ¥ = R avem z =0 (14)
pentru vy = 0 avem £ =/ (15)
Din ecuatiile (6) si (14) avem:
C = 4 & (4w — 2RY* (16)
A '

Semnul minus se referd la 0 < w/2, iar plus la 0 > =/2.
Inlocuind (11) si (13) in (16) obtinem:

Is

€= + (3_")“% (2w 4 w? — Bl w, ) "1 (17)
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Din (7) si (15) aven:
h=Lt2w +C (18)

A
inlocuind (13) si (17) in (18) obtinem :
/:FWWW+@—mwww%iw (19)

Semuul minus se referd la 0 << w/2, iar plus la 0 > =/2.
In consecinid, ecuatia suprafetei lichidului in contact cu vaporii sai, asezat
pe o suprafatd plana solida, in c¢imp gravitational nul, este:

2 2 - P 2w,:\2 ¢
Bt (e O = () (20)
cu z 2 0, iar C s1 » date de relatiile (17) si (13). Deci, un lichid in contact
cu un solid, in cimp gravitational nul, va lua forma de calotd sfericd. La introdu-
cerea in cimp gravitational, parametrii de formd ai suprafetei se vor modifica
in asa fel incit unghiul de contact sd rdmind acelasi (1.

(Intrat in redactie la [0 octombric 1975 )
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CONTRIBUTIONS TO THE STUDY OF WETTING PHENOMENA IN VARIABLE GRAVITA-
TIONALS FIELDS (I1I)

(Summary)

The shape of a liquid drop in contact with a smooth solid surface was calculated. It is shown
ihat in the absence of the gravitational field it is a spherical cap.



STUDIA UNIV. BABES-BOIYAI, CHEMIA, 21 (1976)

SOLVENT EXTRACTION OF URANIUM(VI) WITH DIALKVYLPHOSPHO-
RODITHIOIC ACIDS (II)

The Extraction of Uranium with Di-isopropyl- and Bis-(2-ethylhexyl)-phosphoro-
dithioic Acids in Butanol

MARIA CURTUIL, GH. MARCU, M. DIACONEASA and IONEL HAIDUC*

Introduction. Previous investigations in this laboratory [1] have shown
that dialkylphosphorodithioic acids, (RO),P(S)SH, with an unbranched alkyl
chain C;—C, (R = Me, Et, n-Pr, n-Bu) are able to extract uranium(VI) from
aqueous solution, through an exchange mechanism, with the formation of a che-
late complex between the uranyl ion and the phosphorodithioate anion.

According to literature data [2—4 phosphorodithioic acids of the type men-
tioned above, are good extraction reagents for many metal ions, and several
analytical applications were devised, based on the behaviour of the short chain
(C;—Cy) dialkylphosphorodithioic acids. For hydrometalurgical purposes the
long chain dialkylphosphorodithioic acids, which are practically insoluble in
water, may be advantageous.

Levin and his coworkers [5—97 have investigated the extraction of a
large number of metals (including Cu, As, Bi, Su, Ag, Ti, Hf, Al, Ga, rare earths,
etc.) with various dialkylphosphorodithioic acids, in which R = n-hexyl, u-octyl,
2-ethyvlhexyl-, dodecyl-, isododecyl or secondary Cy—C,y groups). Among these,
of particular interest is the bis(Z-ethylhexyl)phosphorodithioic acid since it
achieves a phase equilibrium rather rapidly and it forms no emulsions during the
extraction process.

Iu this work we have investigated the extraction of uranium with dialkyl-
phosphorodithioic acids, containing a branched alkyl chain in their molecule,
1.e. di-isopropyl- and bis(2-ethylhexyl)-phosphorodithioic acid. The water non-
miscible solvent used was n-butanol. In order to establish the extraction mecha-
nism the partition of the metal between the organic and aqueous phases, was
investigated as a function of the aqueous phase pH, concentration of the phos-
phorodithioic acid and metal concentration. For the interpretation of the results,
the mathematical model described in our previous work {1} was used.

Experimental part. Di-isopropyl- and bis(2-ethylhexyl}-phosphorodithioic acids were prepared
by the direct reaction of tetraphosphorus decasulphide and the appropriate alcohols, according to
standard procedures [10]. The purification of bis(2-ethylhexyl)- phosphorodithioic acid was done
according to [5]. Di-isopropylphosphorodithioic acid was purified by vacuum distillation. Other
reagents used were of analytical grade purity.

The extractions were carried out at room temperature (22—24°C) in 100 ml. separation funnels,
and using equal volumes of organic and aqueous phases.

The distribution coefficients of uranium were determined as described previously [1°.

* Author to whom all correspondence concerning this paper should be addressed.
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I"ig. 1. The pH dependence Fig. 2 The plI dependence of ura-
of uranium (V1) extraction with ninm {VI) extraction with bis-{2-ethl-
diisopropylphosphorodithioic hexyl) phosplorodithioic acid in bu-
acid in Dbutanol. tanol. Cyppypypp == 0.05 M {curve 1)
Cyprprp = 0.05 M (eurve 1); 0.1 M (curve 2); 0.15 M (curve 3};
0.1 M (curve 2); 0.15 M{curve 3}; Cpo= 0,001 DL

Cp- == 0,001 AL

Results and disceusion. The extraction equilibrium of a cation M®** iu the
presence of an acidic ligand HA4, can be described by the cquation given bel-
low [17:

SN

log D =log K — npH -} xlog HA, (1)

where K is the extraction equilibrium constant and x is the total number of acid
molecules involved in the extraction process. The index o stands for orgaunic
phase.

According to equation (1), from the variation of the distribution cocfficient
D as o function of pH, one can determine the value of », i.e. the number of acid
malecules involved in the exchange reaction. In Fig. 1 and 2 the plots of log D
versus pH, for three dialkylphosphorodithioic acid concentrations, are given.
It can be noticed that in certain pH ranges the curves are linear, with a slope
of 1.85 for di-isopropylphosphorodithioic acid, and a slope of 2 for bis(2-e¢thyl-
hexvli-phosphorodithioic acid. The value 1.85 (instead of 2) for di-isopropyl-
phoshorodithioic acid, can be explained by the occurence of some complex forma-
tion in the aqueous phase, as it is also found for straight chain dialkylphosphorodi-
thioic acids [1]. Since these acids and their uranium complexes exhibit some water
solubility, their extraction into an organic phase is not quantitative. For bis(2-ethyl
hexyliphosphorodithioic acid this selubility is negligible, no complex remains
unextracted in the aqueous phase, and the value of n equals 2, as expected for
a neutral complex between UO** and a monobasic anion (RO),PS;".
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Fig. 3. The variation of pHgo: as a function of
di-isopropyl- (curve 1) and bis(2-ethylhexyl)-(curve
2) phosphorodithioic acid concentration in butanol.

The data obtained indicate a se-
cond power pH dependence of the
distribution coefficient of the metal.
It follows that two hydrogen ions are
involved in the extraction process
(being liberated from the chelated
acids), therefore two acid molecules
participate in the exchange reaction
(n = 2), according to the equation:

U0} ++2[HDTP], = [UO,(DTP),], +
+2H* (2)

In order to establish whether any
dialkylphosphorodithioic acid mole-
cules, other than the two involved
in the exchange, participate in the
formation of the extracted species,
in Fig. 3is given a plot of pHspe, (pH at
which the extraction degree is 309,
(1]) versus acid concentration of

di-isopropyl- (curve 1) and bis(2-ethylhexyl)- (curve 2) phosphorodithioic acids.
For both curves the slope is 1.05. This slope represents the x/n ratio [1]; it
follows that x = 2, therefore in the extraction process are involved only the
two acid molecules which participate in the exchange reactiomn.
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Fig. 4. The extraction of uranium(VI) with

di-isopropyl- (curve 1) and bis(2-ethylhexyl)-

(curve 2) phosphorodithioic acids in butanol at
different metal concentrations.

Chapyp = 0.1 M; Cyy = 0.0005 M (0); 0.01 M (0).

S5 — Chemia — 1976

In order 'o obtain information
about the possible occurence of poly-
meric species in the system, we in-
vestigated the variation of log D as
a pH function, at various metal con-
centrations in solution, while the acid
concentrations were kept constant.
The data obtained are ploted in Fig.
4. It can be seen that for each acid,
regardless of the uranium concentrati-
on, a single straight line is obtained
thus suggesting that in the concen-
tration range investigated, polymeric
species are absent from both the or-
ganic phase and aqueous phase.

It can be concluded from the
data presented, that equation (2) re-
presents correctly the extraction of
uranium(VI) with di-isopropyl- and
bis(2-ethylhexyl)-phosphorodithioic a-
cids in butanol, suggesting an ex-
change mechanism, analogous to that
established for non-branched dialkyl-
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phosphorodithioic acids [1]. By comparing 28
the distribution coefficients for different
acids, it follows that an increase of the 18
alkyl chain length results in a significant 6L
increase of the extraction degree of ura- i
‘nium, under similar conditions. In Fig. 5 14
are presented the comparative results ob- a
tained in the extraction of uranium(VI) o
with various dialkylphosphorodithioic a- T ook
cids, with branched and unbranched alkyl
Os.—
Table 1 061
pH;,. values in the U0+ -HDTP-butanol system 04
02+~
R in HDTP* PHs()“O
0
Et 0.18 o
n-Pr 0.45 I'ig. 5. The extraction of uranium(VI)
iso-Pr 0.25 with diethyl-(curve 1), di-n-propl-{curve 2),
n-Bu 0.53 di-isopropyl (curve 3), di-n-butyl- (curve 4)
2-Lt-hexyl 0.56 and bis-(2-ethylhexyl)- (curve 3) phos-
phorodithioic acids. o
* HUDTP - (RO),D(S)SH CHDTP = 0.11 1\[; CU = OOODDA

chains in the molecule. It can be seen, that differences observed in the magnitude of
the distribution coefficients are more significant in the pH range between 1 and
2 (strongly acidic). Although the dissociation constants of the acids do not differ
markedly [11] (which is also reflected in the pHspe, values given in Table 1),
the distribution coefficients of uranium(VI) increase according to the following
sequence :

ethyl < n-propyl < iso-propyl < n-butyl < 2-ethyihexvl

The extraction order of uranium(VI) complexes parallels the order of partition
constants of the free acids in the same solvent system [11].

The data presented in this work, although limited as far as the number of
.various acids investigated is concerned, suggest that the branching of the alkyl
chain in the dialkylphosphorodithioic acids, favours an increase of the uranium
distribution coefficient in the extraction system. Therefore, branched alkyl
phosphorodithioic acids are more suitable for the practical purposes in the extrac-
tion of (at least) uranium(VI) from aqueous solutions in butanol.

( Recesved October 20, 1975)
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EXTRACTIA CU SOLVENTI A URANIULUI(VI) TFOLOSIND ACIZI DIALCHILFOSFORO-
DITIOICT, (IT)
Extractia wraniului cu acizi di-icopropil- si bis-{ 2-etilhexil)-fosforoditiotci in butanol

(Rezumat)

Uraniul(VI) se poate extrage in n-butanol cu acizii mentionati in titlu ca agenti chelatizanti.
Prelucrarea matematicid a datelor de extractie (dependenta coeficientilor de distributie de pH si
concentratie) sugereazd ci extractia se bazeazd pe un proces de schimb intre acidul dialchilfosforo-
ditioic si fonul uranil, cu formarea unui complex chelatic neutru eu raport 2:1. Gradul de extractie
creste cu cresterea lungimii si a gradului de ramificare a lantului alchilic din acidul dialchilfosforoditioic.
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TRIAZINE (LII)
Studiul spectrelor IR al unor oxime triazinice

ION CADARIU si EUGENIA GAVRILA

Printre compusii triazinici sintetizati anterior [2] se numéra st citeva oxime.
Se stie cad spectrele IR pot da si indicatii cu privire la izomeria geometricid a
acestora, aspect ce era de interes si pentru noi.

Lucrarea de fata continud de fapt un studiu precedent [1] si prezintd rezul-
tatele obtfinute cu privire la unele oxime triazinice.

Monoxima si derivatii er. Oximele se caracterizeaza prin absorbtii in spectrul
IR determinate de legiturile O—H, N—O si C=N. Vibratia de alungire vOH din
piridin-2-formaldoximd a fost corelatad de cercetitori cu formele izomere ale
acesteia [3, 4]. In spectrul formei sin, cu gruparea OH din formaldoxima legata
prin punti de hidrogen de azotul ciclului, se gisesc numeroase picuri in intervalul
2900 — 2500 cm™. Pentru unele oxime, in forma sin si in domeniul vibratiei vYN—O,
s-a semnalat o absorbtie complexd cu multiple maxime [5].

In spectrul monoximei 1, gisim aceste absorbfii complexe (v. tabelul 1),
deci este probabil cd ea se prezintd in forma sin.

H 1. X= CH=NOH cu 1/2 H;0 (apd de cristaliz.)
N (Substanti notatd prescurtat cu MH,)
0=16/, X 2. X— CH—=N—NHG,H,
N, 21\'{' 3. MH,. HCI.1/2H,0
N\

| Vibratia de alungire vC=N se situeazd in jurul valorii
NH, 1650 cm™2. Tot aici apar vibratiile grupdrii amidice, fapt pentru

care In spectrul multor substante se inregistreaza benzi foarte

largi cu mai multe maxime. Dupid indicafiile lui Sadler
[3] in spectrul formaldoximelor mai apare o bandi, situatd la ~1500 cm™,
care ar fi rezultatul unui cuplaj 3OH cu 3CH. Aceasta absorbtie nu o putem
identifica cu suficientd precizie deoarece la compusii nostri ea se suprapune peste
alte absorbtii.

In domeniul 1400—1300 cm™ am constatat prezenfa unei benzi datoratd
vibratiei de deformare 3OH, iar intre 1050 —950 cm™! apare banda, cu trei maxime,
atribuiti vibratiei vN—O.

Frecventele caracteristice grupdrilor amidad si amind primard se situeazi la
aceleasi valori ca si In compusii discutati anterior [1].

Asa cum este de agteptat, ca urmare a substitutiei, In spectrul derivatului
fenilhidrazonic (compusul 2) benzile corespunzdtoare legiturilor N—O si O—H
din gruparea oximica lipsesc.

De la monoximé s-a obtinut si un clorhidrat, compusul 3, al cirui spectru
l-am inregistrat. Comparind spectrul bazei cu cel al clorhidratului coustatim
absenta absorbtiei complexe dintre 30002500 cm™' si aparifia unor benzi
largi cu maxime la 2885 i 2760 cm—1. Dacid admitem ci protonarea se face la ato-
mul de azot al ciclului din vecinitatea dublei legituri —N,, ca i in cazul piridin-al-
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Tabel 1

Absorbtiile in IR (em™!) si atribuirea lor

Compusul
Atribuire
1 4 | 5
3570 m 3550 i 3595 s OH apa de retea
3495 m M apd asociatid
3260 fi 3320 i 1
3110 fi 3235 i § VNH,
" 3270—-3150 fi 3100 i v NH amidic
3000—2500 i...s 3000—2600 fi 3000-—2600 m vOH asoc. {oxime)
1720 fi 1720 fi 1720 fi banda ,,amida I
1660 fi 1680 fi 3NH,
1610 fi 1630 fi 1650 fi vC=N (oxime)
1550 fi 1510 fi 1570 fi v cicln
1490 fi 1485 i 1470 i banda ,,amida II”
sau (30H + 8CH)
1425 fi 1420 fi 1430 fi v ciclu
1382 i 1360 i 1375 i .
1325 m 1300 i 1320 i } 30H (oxime)
1275, 1240 m ? banda ,,amidd II1I1"
1135 m 1180 m
1100 m 1115 m } pNH,
o0 E B R p—
1030 m 970 i 980 fi
1000 fi 954 fi 930 i WN~—O (aldoximi)
933 m 910 m
780 1 740 fi 785 fi vy ciclu
720—-820 i ,, (largd) YNH.
? — atribuire nesigura
fi — foarte intensd, i — intensd, m - wmoderata, s — slaba

doximelor [6], apare in ciclu gruparea de cation tertiar =N"T+— ; formarea aces-
tuia inldturd posibilitatea stabilirii legdturilor de hidrcgen intre N ciclului si
OH-ul din gruparea formaldoximicd. In aceste conditii apsorbtia din domeniul
mai sus amintit s-ar datora OH-ului oximic asociat (altfel decit chelatic) si gru-
parii NH*. De mentionat cd frecventa de 2760 cm™! este apropiata de cea gasitd
in alt clorhidrat triazinic [1] si presupusi a fi legatd de vibratia vNH .

Alternativa ca protonarea si se faci la gruparea amino este exclusi prin
faptul ca in spectru nu este prezenti banda intensd caracteristicd vibratiilor
yNH{ (la ~3020 cm™?). Pe de altd parte, intre 3450—3200 cm™* apar doud benzi
puternice pe care credem cd le putem asocia cu vibratia de valentd din gruparea
NH,. Constatam ci aceasta vibratie este plasatd la frecvente mai mari in spectrul
clorhidratului, fatd de pozifia din spectrul monoximei, deplasarea se datoreste
probabil vecinatédtii grupéarii cationice.

Dioxima si derivatiz ei. In cazul dioximei 4, prezenta a douid grupiri oximice
atrage dupi sine cresterea numirului de benzi caracteristice legiturilor N—O
si O—H (v. tabelul 1).

Comparind spectrul dioximei cu cel al monoximei observam ci in intervalul
3000—2500 cm™—1 absorbfia cu mai multe maxime are o alurd diferitd pentru cele
doud substante. Dioxima prezintd o absorbtie de intensitate ridicatd, pe citd
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Tabel 2
Absorhtiile fn IR (em™?) si atribuirea lor
Compusul Atribuire
3 11 14 \ 15
3580 m ?
3480 i
3425 fi 3350 i 3600-—3300m vOH(H,0 asoc.)
33103250 {i 3320 fi
3250 fi 3260 fi } vNH, (asoc.)
" 3240 i 3200 fi 3170 fi vyNH ciclu
3000 i YNH;
30002500 absorbtie largd cu maxime
2980 i 2930 fi R
2880 i 2830 fi 2830 i } rOH {oxime)
2760 fi 2730 fi 2720 1 2730 fi §Ere
1760 fi 1760 fi 1710 fi banda ,,amidi 1"
1680 fi 1690 fi 1690 i vC=NH"+
1655 fi si SNH,
1640 fi 1605 fi 1635 fi 1690 —16101fi v C=N (oxime)
1575 fi 1550 fi 1600 fi 1575 f{i v ciclu
1505 fi 1530 fi banda ,,amid4d II"" san 30H.+ 3CH
1570 i
1545 i SNHG
1440 fi 1455 m sau
1425 i 1455 fi v ciclu
1320 1 1385 i 1380 m 1375 i N "
1350 i 1305 m 1290 s SOH (oxime)
1270 fi 1220 s ? banda ,,amida III"
1275 i1
1260 i ?
1140 i 1120m
1250 m vC—0
1140 s 1170 s -
1100 i 1100 m } pNH,
1085 fi 1065 fi 1055 s 1095 m
1025 fi 1020 i 1035 m 1030 1 l
1000 fi 980 i 1010 s 980 fi vN—0
920 i 935 m 978 i I
925 m
820 i 845 i 825 m ?
780 fi 773 fi 780 i 785 m vy ciclu

vreme monoxima una in continuid descrestere. Rezultd cd vibratiile de alungire
vOH ale celor doud grupdri oximice se situeazd in acelasi domeniu, fapt explicabil
in condifiile in care §i gruparea cetoximica stabileste legdturi de hidrogen. Datele
de care dispunem nu ne permit insd a da informatii despre felul lor.

Dupa indicatiile din literaturd [8, 7] se pare ¢d putem atribui benzile dintre
1100—1000 em™* vibratiilor viN—O cetoximice, iar cele dintre 1000—900 c¢m™1
vibratiilor analoge din gruparea formaldoximici.

Ni se pare interesantd constatarea cd spectrul compusului fenilhidrazonic
al dioximei (compusul 7) prezintd in domeniul vN—O numai absorbtiile grupirii
formaldoximice. Ele se situeazd exact la aceleasi valori ca si in spectrul dioxime.
Dupa cum s-a ardtat mai sus in cazul derivatului fenilhidrazonic al mounoximei
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H 4. X= CH=NOH Y= NOH subst. hidrataty (1 H,0)
N (Substantd notatd prescurtat cu DHj)
— 77 \_X 5§ X= C(NH,)=NOH V= NOH subst. hidrat. (1H,0)
|6 2 (Substantd notati prescurtat cu ADH,)
HN; 3N 6. DH,- C,H; — NHNH, 7. X= CH=NOH V= N—NHCH,
N 8. X= CH=NO-COC,H, V= NO--COCH,

N 9. X= CH=NO—COCH, Y= NO—COCH, subst. hidrat. (1H,0)
i 10. X= C(NH,)=NO—-COCH, Y= NO-—COCH, 11. DH,-HCl-H,0
Y 12. DH,-HCI-C,H,0H-1/2 H,0 13. DH,-2CH,COOH

14. ADH,.3/2 HCl 15. DH,Na-1/2 H,0 16. DHNa,

(compusul 2) aceste vibratii lipseau. Rezultd deci cd reactia cu fenilhidrazina
se petrece la gruparea cetoximicd si nu la cea formaldoximicd cum s-a considerat
anterior 81

Cu privire la derivatul dibenzoilic al dioximei (compusul 8) menfionim
faptul ¢a la 3390 em™! apare 1n spectru o absorbtie intensd despre originea céareia
deocamdata nu putem spune ceva sigur. Pare posibil a fi o vibratie vNH ciclu.

Datoritd caracterului siu amfoter, dioxima formeazi saruri atit cu acizii
cit st cu bazele. In stare solidd s-au obfinut doi clorhidrati, un diacetat, sare mono
si disodicd. Am considerat cid studiul spectrelor IR ale acestora ne va da indicafii
despre structura cationului si anionilor dioximeli.

Desi clorhidratul din apa (compusul 11) nu este prea stabil i-am inregistrat
spectrul, urmind sa verificdm informatiile pe care le vom obfine prin analiza absorb-
tillor. Am constatat o intensificare a benzilor din intervalul 3000—2500 cm™!
datorate in cazul bazei vibratiei vOH din oxime. Maximele situate la 2970, 2835
si 2720 cm™* pot fi atribuite vibratiei vVOH din oxime dar nu este exclusa nici o
vibratie vINH * suprapusi. Avind in vedere cele de mai sus pare plauzibil si presu-
punem, ca si in cazul clorhidratului monoximei, o protonare a atomului de azot
din ciclu —N,.

Intre 3400—2500 ecm™1, diacetatul dioximei (compusul 13) prezintd o curba
de absorbtie aproape identicd cu cea a clorhidratului din apd. Clorhidratul preci-
pitat din alcool (compusul 12) manifestd insd in domeniul 3000 —2500 cm™! o
absorbtic cu intensitatea in scddere si un palier situat intre 2720—2630 cm™2,

De remarcat ¢i toti clorhidratii au o banda foarte intensd in jur de 1750 cm™!
(v. tabelul 2) produsd de vibratia vC=O0, deci probabilitatea unei protondri
la oxigenul carbonilic este exclusi. Am constatat de asemenea si unele modificari
ale absorbtiilor produse de legdturile N—O oximice.

In favoarea unei structuri lactimice ar pleda dubletul situat intre 1300—
1200 ¢m™3, care nu apare in spectrul dioximei, si ar putea fi atribuit vibratiei
vC—0, Ne-a rdmas neldmuritd $i originea absorbtiei de la 1140 cm™* prezenta in
spectrele clorhidratului (din api) si a diacetatulul.

Am considerat necesar sd verificim informatiile obtinute, prin analiza spec-
trului dat de un clorhidrat stabil (compusul 14). Se pare ¢ si in acest caz se mani-
festd gruparea de cation tertiar intilnitd gi in moleculele clorhidratilor discutati
anterior. Remarcdm cd in spectrul clorhidratului de amidoximi benzile se eviden-
tiazd mali bine, din acest motiv am putut observa o absorbtie la 1690 cm* care
se poate asocia cu vibratia vC=NH+. Deoarece compusul are 3/2 molecule HCl
se protoneazd si gruparea NH,, fapt pentru care apar benzi in intervalul 1600—
1500 cm™! (8NHj) inexistente in spectrul bazei (v. tabelul 1 si 2). Mentinerea
absorbtiilor vNH, si dNH, la valori apropiate de cele ale amidoximei sugereazd
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o structurd dimerd pentru sarea acidad sau o fixare alternativd a protonului la
moleculele din retea.

Studiul spectrului IR al sdrii monosodice a dioximei (compusul 15) conduce
la concluzia cé ea derivd de la forma lactim a acesteia. Numai asa ne putem explica
absenta benzii vC = O si aparifia unei benzi noi la 1250 cm™?! considerata de noi
a fi proprie legaturii C—O. Pe de altd parte am constatat cd in domeniul vibratiilor
de valenta vOH oximic, curba de absorbtie este foarte aseméndtoare celei intilnite
la clorhidrat. Aceasta denotd cid si in cazul sirii monosodice nu se formeaza
legdturi de hidrogen de tip chelatic. Altd modificare spectrald, adusa probabil
tot de schimbarea structurii ciclului si prezenta sarcinii electrice, este deplasarea
benzilor datorate vibratiilor yYW—O (v. tabelul 2).

Faptul cd sarea de sodiu are culoarea galbeni, mai intensid decit a dioximei,
ar sprijini concluzia de mai sus deoarece aceastd comportare se poate explica
prin extinderea cromoforului (ca urmare a enolizarii apare incd o dubld legdtura
in ciclu).

Sarea disodicd a dioximei (compusul 16) nu s-a obtinut in stare purd, deci
datele spectrale pe care ni le oferd nu sint sigure. Cu toate acestea rejinem ci
in spectru nu apare banda vC==0O dar apare absorbtia de la 1260 cm™! datorata
probabil vibratiei vC—O.

Referitor la compusii 6, 9 si 10 spectrele IR nu relevd date noi $i am consi-
derat cd nu este indispensabil si fie prezentate.

Studiul formelor cristaline. Deoarece de la mai mul{i derivati oximici s-au
obtinut doud sau trei forme cristaline [9], in functie de conditiile de lucru, ne-a
interesat cum se vor manifesta acestea in spectrul IR.

Dioxima se prezinta in trei forme cristaline (notate «, B, v), amidoxima si
monoxima in doud (e« B).

Am constatat cd spectrul B dioximei este pufin modificat fatd de spectrul
formei «. Se pare cd numai legiturile de hidrogen ce se formeazi sint diferite in
cazul celor doud specii, de aceea se modificd absorbtiile in domeniile corespunza-
toare grupdrilor implicate In aceste legdturi (v. tabelul 3).

Tabel 3
Frecvente caracteristice din spectrul « si 8 dioximei (In em—%)
DH, You You v Yoo Son
Forma (H,0) (oxime) ciclu ciclu (oxime)
o 3350 3100—2500% 1490 1410 770 1350 1290
8 3550 3100 —2700** 1510 1420 740 1360 1300

* Maxime cu intensitate in descrestere
** Maxime cu intensitate identica

In acord cu aceastd presupunere ar fi si faptul ci formele cristaline manifesti
solubilitagi diferite.

Dupa cum se observa in tabelele 1, 2 si 3, chiar gi apa se poate lega in diverse
moduri. Legaturile mai slabe fac ca vibratia vOH din H,O si se manifeste in inter-
valul 3600—3500 cm™!, cele mai puternice deplaseazi aceastd vibratie intre
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3500—3400 cm!. Prima absorbfie se datoreste apei de refea iar cea de a doua
apei ce stabileste punti de hidrogen cu gruparea C=0 [10].
In cazul « si B monoximei nu constatim nici o deosebire a spectrelor IR.

(Intrat in redactie la 24 mai 1975)
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UBER TRIAZINE (LII)
Studium der IR-Spektren eciniger Triazin-oxime

(Zusammenfassung)

Es wurden die IR-Spektren einiger Triazin-oxime untersucht, und es wurde gezeigt, daB
die Substanzen mit einer Formaldoxim-gruppierung sich in der syn-Form befinden, und die Gru-
ppierung eine chelatische Wasserstoffbindung mit dem heterocyclischen Stickstoffatom eingeht. Es
wurde ebenfalls bewiesen, daB im Falle des 4-Oximino-6-oxo-tetrahydrotriazinyl-2-formaldoxims,
die Ketoxim- und nicht die Aldoxim- Gruppierung, wie frither vermutet wurde, mit dem Phenylhy-
drazon reagiert. Die IR-Spektren einiger Hydrochloride weisen als Protonierungsstelle auf das hete-
rocyclische Stickstoffatom in der Nachbarschaft der Doppelbindung hin. Das Fehlen der v._,
-Schwingung aus dem IR-Spektrum des Monosodiumsalzes des Dioxims zeigt, daB das An.ion von
der Lactim-From abstammt. Die polymorphen Formen o und #, die von einigen Triazin-oximen er-
halten wurden, haben identischen Strukturen, sie sind also nur physische oder Krystall-Tsomere.
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SOLVENT EXTRACTION OF URANIUM(VI) WITH DIALKYLPHOSPHO-
RODITHIOIC ACIDS (III)

Dialkylphosphorodithioic Acids in Nonmiscible Water-n-Butanol and
Water-Benzene Solvent Extraction Systems

MARIA CURTUL, GH. MARCU and 1ONEL HAIDUC

Introduction. Dialkylphosphorodithioic acids (RO),P(S)SH, are excellent
extracting agents for many metals. Their behavior in extraction systems differs
from that of alkylphosphoric acids, (RO),P(O)OH, which isexplained in part
by their different properties in organic solvents.

Literature data [1—3] show that the dialkylphosphorodithioic acids show
less tendency to polymerize (compared to dialkylphosphoric acids), therefore they
occur in monomeric form in dilute solutions. The extraction mechanism of many
metals is influenced by the behavior of the extracting agent, i.e. by possible asso-
ciation, hydrogen bonding or other interactions between its molecules.

The results obtained in the extraction of uranium with diftlkvlphosphoro-
dithioic acids in water-butanol and water-benzene systems {4, 3] suggest an
extraction mechanism, which differs from that describzd in the liter ature for the
sulfur-free dialkylphosphoric acids. In order to explain soinz peculiarities observed
in the extraction of uranium with dialkyinhosphorodithioic acids, it was necessary
to investigate, in this work, the behavior of these acids in the solvent svstems
mentioned above. Thus, we determined th= variation of the distribution coefficients
versus their concentration in aqueous or organic phasz, and the aqueous phase pH
dependence of the distribution Loefﬁuents. The data obtained were used in
the computation of dissociation constants and partition coefficients of the acids.

Exporimental part. Dialkylphosphorodithioic acids have been prepared by the reaction of
tetraphosphorus decasulphide with the appropiate alcoliols {6]. The lower members of the series
(C, —C,) were purified by vacuum distillation. Bis-(2-ethylhexyl) phosphorodithioic acid was puri-
fied by the procedure described by Levin and coworkers [7]. All other reagents used were of ana-
lytical grade purity.

The solvent distribution of dialkylphosphorodithioic acids was investigated at room tempera-
ture (22—-23°C), by using 100 ml separation funnels: 10 ml of agueosus solution of 1 M ionic stren-
gth (achieved with perchloric acid and sodium perchlorate) were shaken with 10 ml of organic
solvent (butaunl or benzene), containing known amounts of dialkylphosphorodithioic acid. After 20
min. the phases were separated.

The hydrogen ion concentration in the aqueous phase at equilibrium was measured with an
MV—11 ¢l munn( rahnert (Dresden) pH-meter.

The coucentrations of dialkylphosphorodithioic acid in the organic anl aque us phase were
determi: by iodometric titration [8] or potentiometric titration w 1th AgN () by using an ion-selec-
tive A - electrode as indicating electrode.

The volume changes caused by reciprocal solubility in the water-benzene system can be neglec-
ted. TFor the water-butanol system volume cotrections were made.

Results and discussion. e influence of dialkyiphosphorolithioic acid concen-
tration wpon its distribution in the two phases. Informz\tion about the state of
dialkylphosphorodithioic acids in butanol and benzene can be obtained from the
study of the influence of concentration upon their distribution between an aqueous
solution and the nonmiscible organic solvents.

In n-butanol, a polar solvent in which even the extracting agents with strong
association tendencies occur in monomeric form, we assumed that dialkylphospho-
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rodithioic acids are monomeric. Literature data, obtained from cryoscopic measu-
rements [2] show that diethyl-, dipropyl-, di-isopropyl- and dibutyldithiophos-
phoric acids are not associated in benzene, therefore, we have investigated only
the behavior of bis-(2-ethylhexyl)-phosphorodithioic acid in the water-benzene
system.

a) In order to establish if the acid dimerizes in the organic phase, the method
suggested by Dyrssen [9] was used. Thus it is assummed that the acid
participates in the followinz equilibria in the extraction system:

— distribution between aqueous and organic phases:

HDTP = (HDTP), (1)
— association in the organic phase:
2(HDTP), = ((HDTP),), (@)
— dissociation in the aqueous phase:
HDTP & H+ 4+ DTP— (3)

For reactions (1), (2) and (3) the following equilibrium constants can be written:
— partition coefficient:

b= FHDTP], )
[HDTP]}
— dimerization constant:
. “YHDTP),
K, — HHPTP):l (5)
[HDT P
— dissociation constant:
[H]IDTPW
= (6
(HDTP)

By defining the distribution coefficient of dialkylphosphorodithioic acid,
D as the ratio between its total concentration
in the organic phase, Cy, and its total con-

i centration in the aqueous phase, C,, from

equations (1) —(6) one obtains :

L]

o . o—2 2K, p? K,
= Py 2 . 1 ]) ST e e — Cw‘ - (7)
= o * K,y K,

* 1+ a ) 1 - %L‘

; {H+] (H+?

|

b : . . Hquations (7) shows that a plot of the

- 43 “ 35 log € acid distribution coefficient versus its concen-

ap

tration in the aqueous phase, can give some
Rig. 1. Variation of the distribution jinformation about the state of the acid in the
coefficient of bis-(2-ethylhexyl) phospho- 05 nic phase. In this respect, we have inves-

rodithioic acid versus acid concentra- . . . . . B R
tion in aqueous phase. tigated the distribution of bis-(2-ethylhexyl)-

1-0.1 M HCIO, 2—0.5M HClO, phosphorodithioic acid between an aqueous
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solution of HCIO, + NaClO, 1 M and benzene. Two series of measurements were
carried out, for 0.1 M and 0.5 M HCIO,. The results are shown in Fig. 1 as plots
of log D, versus log C,,. Horizontal lines are obtained, which indicate that the
distribution coefficient of the acid is independent from its concentration in
aqueous phase, therefore, the acid is not associated.

b) By distribution of the dialkylphosphorodithioic acid between an organic
solvent and an aqueous solution containing the salt of a strong acid, in the aqueous
phase a certain hydrogen ion concentration is established ; this depends upon the
concentration of the acid in the organic phase. Equations (1)—(6) afford the
deduction of a relation between the acid concentration in the organic phase, C,,
and the hydrogen ion concentration in the aqueous phase:

\* ([H+] [DTP— ) + £ [DTP~] (8)

K

C,=2K, (g

a

a

The variation of the acid concentration in the organic phase, versus the
[(HI+] [HDTP] product gives some information about the occurence of dimeriza-
tion in the organic phase. Thus we investigated the extraction of the acid at
various concentrations in the system benzene-aqueous solution of 1 M NaClQ,,
by determining the concentration of the acid in the organic phase and the hydrogen
ion concentration in the aqueous phase. A plot of log C, versus log [H*] [DTP™]
(fig. 2) gave a straight line with a slope of 1. According to equation (8) this
suggests the occurence of the acid in monomeric form in the organic phase. There-
fore, in equation (8) the term involving the dimerization constant can be neglected.
From the data presented above, it can be concluded that bis-{2-ethylhexyl)-phos-
phorodithioic acid, in the concentration range from 0.05 to 0.5 M in benzene
exhibits no dimerization tendencies.

Determination of Partition and Dissociation Constants. In extraction systems
in which the extracted species are monomeric, only distribution and dissociation
equilibria are involved. Thus, for the
extraction of dialkylphosphorodithioic
acids (HDTP), in the water-benzene and . g5
water-butanol systems, the distribution 2

coefficients can be expressed by the re- 06
lation :
-07}-
HDTP] \
DH/)TP - '[ _JO f (9) - 08—
[HDTP] + [DTP~] .
-08r-

After introducing in (9) the partition
coefficient and dissociation constant from -1k
equations (4) and (6) this becomes :

D == ____P_:_ (10) -12 ! ! ! I ' i i
- K, -5 5D <49 4B 47 46 45 ik
(H+] log {H'}{X'}
. Fig. 2. Distribution of bis-(2-ethylhexyl) phos-
. '.I‘he' equation (10) gorrelates the phorodithioic acid between 1M NaClO, aqueous
distribution coefficients with: hydrogen solution-benzene.
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ion concentration, dissociation constant and partition coefficient. By determining
the distribution coefficient of the acid for various values of the hydrogen ion
concentrations, the other two constants can be obtained.

When the hydrogen ion concentration is high, the distribution coefficient
becomes equal to the partition coefficient:

D=p (11)
log D =log p (12)
For a low hydrogen ion concentration equation (10) can be written:
D=2 [+ 13
o, BT (13)
log D = logl—i’- — pH (14)

a

According to ecuations (12) and (14), from the variation of log D versus
pH, one can determine K, and p.

It can be seen from equation (13) that the ratio p/K, equals 1/[H*] for
D = 1, therefore this ratio can be obtained from the value of pHsq, (the pH at
which the concentration of the acid in the two phases is identical) :

PHsoo, = DK, - log p (15)

in Figures 3—6 is given a plot of log D versus pH for the acids investigated.
From those diagrams the partition coefficients and the dissociation constants
given in Table 1, were determined.

® propyt
Q i50-propyl

1090

! L A s L r b, .
W0 G WG 2

oH
Fig 3. Distribution of diethylphospho- Fig. 4. Distribution of di-n-propyl- and
rodithicic acid in water-benzene (1) and di-iso-propyl-phosphoroithioic acids in wa-
water-butanol (2) systems. ter-benzene (1) and water-butanol (2) sys-

tems.
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butvl-phosphorodithioic acids in water-benzene (1)
and water-hutanol (2) systems.
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[

log D

Fig

2

6. Distribution of bis -(2-ethythexyl)

phosphorodithioic acid in water-benzene (1)
and water-butanol (2) systems.

It should be mentioned that the dissociation constants determined are valid
for aqueous solutions saturated with organic solvent, and the partition coefficients
represent the ratio between the acid concentration in the organic phase saturated

with water,
[HDTP].

THDT P, and the acid concentration in water saturated with solvent,

The data shown in Table 1 indicate only small variations in the acidity cou-
stants of dialkyvlphosphorodithioic acids investigated. The values of pK, determi-
la) are close to those mentioned in the

ned in the water-benzene system (Table
literature 1, 10]. For the water-butanol
system the pK, values (Table 1b) are
slightly higher than those determined in
the water-benzene system. This can be
explained by the higher solubility of
butanol in water, compared to benzene.

The partition coefficients of the
acids differ markedly with the nature
of the organic group (Table 1) and in-
crease in the following order:

ethyl << propyl < isopropyl << butyl <
< isobutyl < 2-ethylhexyl

The results obtained for di-isopropyl-
and di-isobutyl-phosphorodithioic acids
suggest that the branching of the alkyl
chain results in an increase of the par-
tition coefficients.

By comparing the partition coeffici-
ents. in the two extraction systems
(water-benzene and water-butanol) inves-

Table 7

The Dissociation Constants and the Partition
Coefficients for Dialkylphoshorodithioie Acids

R in (RO)(P(S)SH pHW}/ log p| pK,
a. Water-benzene

system
ethyl 0.30 | 0.37 |-0.07
n-propyl 1.75 | 1.6 |.0.15
iso-propyl 1.80 | 1.76 | 0.06
n-butyl 2.38 | 2.10 | 0.28
iso-butyl 3.45 | 2.95 | 0.50
2-ethylhexvl 4.60 | 3.50 | 110
b. Water-n-butanol

system | .
ethyl 0.70 | 0.55 | 0.15
n-propyl 2.20 | 1.05 | 0.25
iso-propyl 2.24 | 2.17 | 0.07
n-butyt 2.93 | 250 | 0:43
iso-butyl 4.15 | '3.50 1:0.65
2-ethylhexyl 5.00 | 3.80 | 1.20
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tigated, it can be concluded that dialkyiphosphorodithioic acids are better extrac-
ted in butanol than in benzene (and so are their uranium(VI) complexes [4]).
This behavior can be explained in part, by the formation of hydrogen bhonding
between the acid and the solvent.

The best distribution measurements are those for which D is close to 1.
Therefore, in the practice very often instead of individual values of p and K,
the values of pRisee, are used. From the latter the ratio p/K, (which is involved
in the mathematical treatment of metal ion extraction data) can be determi-
ned. In Tables la and 1b the values of pHsg are given for dialkylphosphorodi-
thioic acids investigated in the two solvent systems.

( Received October 23, 1975)

REFERENCES

L ROH. Zucal, Jo A Dean, T. 1. Handley, Analvt. Chem., 35. 998 (1963).
2.W. H. Baldwin, C. E. Higgins, U. 8 Atomic FEnergy Comm., Rept. ORNI, 3320,
. A4 (1962) quoted after (17, i
3. E.M. Popov, M. T. Kabachnik, L. S Mayaunts, Uspekhi Khim., 30, 846 (1961).
4. G. Marcu, M. Curtui, I. Haiduc, Rev. Roum. Chim., (submitted for publication).
© 5. M. Curtui, Thesis, Babes-Bolyai University, Cluj-Napoca, 1975.
6. K. Sasse, Organische Phosphor-Verbindungen (Houben-Weyl: Methoden der Organischen. Che-
mie), vol. 12/1, G. Thieme Verlag, Stuttgart, 1964, p. 684.
7. 1. & Levin, V.V. Sergeeva, V. A Tarasova, V.1 Varentsova and T.T.
. Rodina, Zhur. Neorg. Khim., 18, 1643 (1973).
8 H. Bode, W. Arnswald, Z. analyt. Chem., 185, 99 (1962).
9 D. Dyrssen, Acta Chem. Scand., 11. 1771 (1957). :
10. T. ¥, Rodina, V.I. Varentsova, A N, Kolvshev, S I Levin, Izvest. Sibir.

Otdel. Akad. Nauk S8R, 6, 14 (1973).

EXTRACTIA CU SOLVENTI A URANIULUI(VI}) FOLOSIND ACIZI DIALCI~IILF()SFO§QDI-
TIOICI (11I) B
Acizii dialchilfosforoditioici in sistemele de extractie apd-butaniol st apd-benzen

(Rezumat)

S-a studiat repartitia acizilor dialchifosforoditioici in sistemele de extractie apa-butanol si
apid-benzen. Din variatia coeficientului de distributie in functie de concentratia acidului si concen-
tratia ionilor de hidrogen in faza apoasd s-au determinat constantele de disociere si coeficientii de
repartitie ai acizilor dialchilfosforoditioici studiati. .



IN MEMORIAM

| ACADEMICIAN RALUCA RIPAN

La 5 decembrie 1975 s-a stins din viatd Raluca Ripan, care timp de peste
cinci decenii a activat neobosit atit pe tdrim didactic-stiintific cit si pe tarim
social-obstesc. Intrunind in fiinfa sa pasiunea omului de stiintd $i neastimpirul
cautidtorului de nou, sensibilitatea unui suflet nobil gi perseverenfa comunistului
mereu prezent la datorie, Raluca Ripan a ajuns pe cele mai inalte culmi ale ierar-
hiei profesionale si sociale: A fost membru activ al Academiei R.S.R., decan al
Facultitii de chimie de la Universitatea clujeand, iar mai apoi cea dintii femeie
rector al aceleiagi universititi; de asemenea, a fost om de stiin{d emerit si deputat
in Marea Adunare Nafionald. Activitatea sa a fost rasplititd cu numeroase ordine
si medalii, cu inaltul titlu de Frou al Muncii Socialiste si cu Premiul de Stat.

Raluca Ripan vine la Cluj in anii de inceput ai universitdfii romdnesti,
aducind de la Jasi o frumoasd traditie, la a cdrei creare contribuiserd, printre
altii, A. Obregia, P. Poni si P. Bogdan. Mai intli asistent, apoi sef de lucriri
si conferentiar, Raluca Ripan devine in 1941 seful catedrei de chimie anorganici
i analiticd, detinind aceastd functie pind in anul 1964, cind devine profesor consul-
tant al aceleiasi catedre. La Cluj, Raluca Ripan preia tradifia de cercetare inteme-
iatd de profesorul G. Spacu si o dezvoltd, dindu-i noi continuturi i dimensiuni.
De numele ei se leagd unul din cele mai bune manuale de chimie analitica calitativa
editate in tard, un curs de chimie anorganicd, tradus in limba rusi, cercetéri funda-
mentale in seria izo- si heteropoliacizilor si cercetari menite sd valorifice superior
zaciminte de minereuri din fara noastré si si imbunitafeascd tehnologii in indus-
tria chimicd: Dascélul si cercetdtorul ne-au lisat o bogatd zestre stiintifica, expri-
matd prin cele aproape 300 de lucrdri stiintifice, articole si cirti, publicate 1n
tard g1 peste hotare.

Continuarea traditiei de cercetare a catedrei de chimie anorganicid si dezvol-
tarea ei constituie o preocupare permanentd pentru fostii discipoli ai acad. Raluca
Ripan, al cirei exemplu de munci si stridanie este vrednic de urmat.



KRRATA

Pag. Rindul Inloc de: Se va citi:

Seite Zeite Anstart: Lies:

38 4 von unten Amidoderivate Aminoderivate

70 Tab. 2, col. yOH (oxime) vOH (oxime)
Atribuire si yNH* si vNH=*

Chemia 1976






Tn cel de al XXl-lea an de aparitie (1976) Studia Universitatii Babes—Bolyai cuprinde
fasciculele

matematica

fizica

chimie
geologie—geografie
biologie

filozofie

stiinte economice
stiinte juridice
istorie

filologie

Ha XXI rogy wsgaHusa (1976) Studia Universitatis Babes—Bolyai BbIxoAWUT CreayroWwmyMm
BbIMyCKamu

Maremartmka

thmsnka

XUMUs

reonorns—reorpagus

6uonorus

thmunocodus

3KOHOMUYECKME HayKu

ropuanyeckme Haykum

ncTopus

thunonorus

Dans leur XXl-e année de publication (1976) les Studia Universitatis Babes—Bolyai
comportent les fascicules suivants:

mathématiques

physique

chimie

géologie—géographie

biologie

philosophie

sciences économiques

sciences juridiques

histoire

philologie



143 870 |

Abonament o f?« la oficiile postale, prin factorii postali si
Prin difuzor» de presa.

Lei 10



