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ON THE ERROR OF THE ABSORPTION COEFFICIENTS
OF WEAKLY ABSORBING THIN LAYERS, DETERMINED
FROM TRANSMITTANCE MEASUREMENTS

.By
L. MICHAILOVITS, M.I. TURUK AND I. HEVESI

Institute of Experimental Physlcs, Jdzsef Attila Unlver91ty,
Szeged, Dém tdr 9., HUNGARY

(Received 20 June; 1988)

" The absorption coefficient, k(A), calculated from the transmittance is
very sensitive to the errors in thickness and refractive index. The er-
ror in k(A) is relatively small at the wavelengths of the extrema of
transmittance but more pronounced between them, yielding a characteris-
tic wobbling in the absorbance spectrum calculated.

The fringe pattern 6f the measured «transmittance spec-
trum can be used to determine the optical constants (refrac-
tive index n()) and absorption coefficient k(1)) of semicon-
ductor or insulator layers. We earlier proposed an improved
(1] method for the determination of the optical constants
and thickness of weakly absorbing (n >> k) films deposited
on thick transparent substrates [2, 3]. In a recent paper
{4}, we showed that the coefficient of absorbance, k can be
determined with high accuracy in a wide range of wavelengths
when the index of refraction, n = n(i) satisfies the disper-



sion relation of the classical oscillator model [5].

In the present work, we discuss the influences of the
error in measured transmittance, n(A} and @ on .the k(})
spectrum determined using the method outlined 1n {4). Instead
of making complicated and not very impressive error calcula-
tions we will call attention to the effects of the mentioned
errors by presenting simple numerical results obtained by
analysis of simulated trasmittance spectra.

The method

In the usual thin-film geometry a weakly absorbing layer
(n >> k) deposited onto a thick transparent substrate
(ds '>> A) should be considered (Fig. 1). The transmittance of

‘.
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n =1 o air (1)
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Figu}e 1.: Typical saﬁple structure :or-transmittahce
'measurement on a thin film. The refractive
‘index is denoted by n, the absorption coef-
ficient is k and the thickness. of the film is d.



a thin, weakly absorbing film on a non-absorbing substrate
is described in [6] as follows:

|

T31T34

T = — ’
T=Ry Ry,

(1)

where '1‘31 denotes the transmlttance 6f the light travelling
from the air through the f£ilm into the substrate, and R31

is the reflectance of the same surface. T34 and Ryy relate
to the substrate/air 1nterface. These quantities can be cal-
~culated as follows:

n_t2, 2
: s 12 23
T34 = 732 ‘ A2
exp(b)+pT2923e*p(—6)-2p12p23co§(¢12+923fa)

2 2 . AN
p . = P12°%P{6)4ep4exp(76) "20 4 bp308 (9337040%) - )
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Tyq = — 3 A (4)
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| (f5-1) (5)
Ryyw = | —7 .
-734 n8+1 _
- The quantities in (2) and (3) are expressed by the optical

constahts of the layer, n and k, and the refractive index
of the substrate, n_, as follows:

2.; 4———27——7 ’ a " {6)
(n+1) “+k .

- N



2 _ - a(n?+d)
= (7)
(ns+n) +k

2 _ (n-1)24k?

p (8)
12 (n+1)2+k2
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°33 = ——r—7 )
(ns+n) +k
= 2k _
tg‘%‘z = n2+k2_1 ? ) (10)
2kn
t9¢23 n2+k2-n ’ (11)
a = 4L;19. , ' . .‘ (12)
5 = 41Fd . (13)

For the range of wavelengths, if the layer is weakly ab-
sorbing (n >> k), Eq. (1) can be simplified and the extrema
of the transmittance T(A) can be expressed as

16n2nsn :
. (14)

T =
S (1) (n24m) - (0=1) (2= 02+ (1) "2 0°-1) (n-n?)
where

n = exp(-%gkd), . (15)

and m denotes the order of interference satisfying the rela-



- tion -

;%lndAeimt,:-lvi,<._ngigf'» ' (16)

or, to a_good abproximation3‘ "..9g: S =.,f'n,->: .
Amer

.Am-lm+1

= an

;Here'l and i denote the wavelengths of two neiqhbouring

'extrema

m+1

From the measured transmittance of ‘the’ system film- -

-substrate, one can obtain the maximum ‘and minimum values of

the spectrum and the corresponding wavelengths. Using the

"relations (14 17) or - the method presented 1n [2 3] at the -

wavelengths relating to” the extrema,‘the optical constants
and the thickness of the -layer can be detetmined If the

'refractive index of the substrate, n (A), is also unknown,

it can be determined from one transmittance measurement
before the deposition of the film. )

_ If the calculated "x e values lie on a straight line
in 1/(n -1) vs 1/X plot (i e.‘the function n_=»n(A) behaves

as predicted by the classical oscillator .model [5]), then

this line. can be used to interpolate or extrapolate the ref-

"ractive index at’ any wavelength Now, Eqs (1) (3) allow the -
;determination of K(A) = (lx/x) k(A) at any wavelength from -

4measured T(A) and calculated n(A) and d values [4]. L



Analysis of poseible errors by using

simulated transmittance spectra

As the first step we constructed a transmittance spec-
trum (Fig. 2) from given n()), k(r), ns(x) functions and
thickness d with help of Egs (1)-(13). The n(A) and ns(x)
functions were chosen to fulfil the conditions of the clas-
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Figure 2.: Simulated transmittance spectrum with fringe
pattern

sical oscillator model (Figs 3 and 4). The absorption coef-
ficient is given as

k(2) = a-exp(~b-1) + ¢



(where a = 1.55-10%; b = 3.26:107%; ¢ = 4.5:107%). This
original k(i) function appears as the full curve in Figs 5-7.
The thickness was ‘chosen as 500 nm. Prom the T(A) spectrum
constructed 1n this way, - the n, 'k and a values were deter-
mined at the wavelengths A1,.A2, ...Avia the - fringe pattern
-method deacribed in [1 3] The obtained n and k values are

wavelength‘dependence'of the refractive in-
dices n- and ngy COnstructed by means of the '

classical oacillator model.

.~F£gﬁre 3.2

‘shown as full circles. 1n Figs 3-7., For comparison we calcu—
lated then, k and d values at the same wavelengths from the

transmiptance spectra

. ™ (x) = T() +jd;qog
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Figure 4.: The refractive indices n and n_ of Fig. 3,
replotted as_1/(n2-1) vs.'1/A2.

and

T (A) = T(\) - o.‘oo3

too. The obtained values are given as empty circles in-
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Figs 3-7. The original and the calculated. valuc: of the op-
tical constants and thicknesses are listed ‘in Table I. when
" the data given in ;his Table are compared, it can be con-
cluded that the error'in the proceaure is less than that
caused by the uncertainty 1n the measurement.’ -

We shall examine now the change in the k(A). spectrum
calculated from T(X) when the values of n(A), nB(A) and d
differ from the originals. The deviations in n(A) and ns(x)

Figure 5;:‘Ahso£pti0n spectra. Fnllbiine: o;iginal.curve,
. ‘constructed with the expression a-exp(-b-1)+c;
dotted and dashed lines: calculated from'the
'transmittance, using nt (A) and n (A)
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where chosen according to the following conditions: the dif-
ference between the original and new values is 2 pef cent at
A = 600 nm and zero at A = 850 nmé and the dispersion rela-
tion also holds for the new set of data. The new.functions
are denoted by n+, n~ and hs in Figs 3 and 4. The new
thicknesses are 490 and 510 nm, corresponding to a 2 per cent
change.

The k(n, ng. d, T). values were calculated by using the
new set of data. The k+(A) and k™ (1) curves (Fig. 5) were
obtained by using the new n' () and n_ (A\) values, while the
data in Figs 6 and 7 were calculated with new d values.and

ABSORPTION COEFFICIENT 1100

WAVELENGTN, nm

Figure 6.: Adsorption spectra. Full line: origiﬂal; dotted
+ -
and dashed lines: calculated, using d and 4 .
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Table I-

ORIGINAL

\ 'CALGULATED from T  CALCULATED using T & aT

n _ _ o ) _
P R O T S n k103 & oa k-10% " d (nm)

663 1.981 5.2 ©1.997° 5i1 . 499 1.974-2.006. 4.0-5,4 ' 504-496
780 1.958° 4.5  ~ E 1,956 4,9 498 1,940-1.972 4.7-5.5 503-494
970 1.938  4.5. . _ - 1.9417 4.5 500 1.926-1.956 4.0-4.9 504-496

1270 1.921“:4.5 "2 1.920° 4.8 . 496 1.903-1.935 4.4-5.6 ‘501-492

. 1935 1.993 4.5 . 4.5 504

1.918 -

1.902-1.933.

'3.5-5,3"

'509-501
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nS(A) fdnction, respectively. All the other parameters were
kept unaltered.

_ Comparison of k() with k' (1) and k™ (A) (Figs 5-7)
reveals that in the range of weak absorption there is a con-
siderable and characteristic deviation. From Figs 5-7, it is
apparent that relatively small deviations from the original
n(i) and & values result in dramatic changes in.the k(1)

spectra, while the uncertainty in ns(x) causes only minor

2
Q
<
n
x
k4
W '
Q
g
&
g ' i
o
. __u'(k)
- R el BT e
) o apmp—
1 1 i ]
500 1000 B0 2000 2500

WAVELEGTH, nm

Figure 7.: Absorption spectra. Full line: original; -
dashed line: calculated using ng.
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differences. This effect is léss pronounced in the‘range of
strong absorption. The_characteristicfperiodicity in the’
k+(x)_and k ()) spectra is diue to the fact that, the inser-
tion of inappropriate n(x) and 4 Values into the inter-
‘ference term of Egs (2) and (3) results 1n large deviations
in arc. ) ;

The results of - the ‘above model calculations confirm
that the method described in' [1] in well- suitable for the
determination of ki(r), if the d and n(x) data used are cor-
rect enough. Any fluctuation calls for ‘a’ revision of the
precision of the n and a values used On the other hand,
the difference between two adjacent minima and maxima of
A'k(A) can be regarded as the error ‘of the absorption constant
determined. ’ :
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O HETOYHOCTH KOSPPULIMEHTA NOTJIOMEHUH CHABO ﬂOfﬂONADMMX TOHKKUX
TJIEHOK, ONPEJEJEHOIO N0 U3MEPEHWW CTIEKTPA TNPOIIYCHKAHUWA

J. MuxawgaoBuu, M. U. Tepex u U. Xepeuu .

KoepbuuneHTs MOTJNOWUEHNA « (A) PACCUATAHHHE MO MPOMYCKAHNMK
OUEHb YYBCTBUTEJIbHH K HETOUHOCTAM ONpejesieHUA TOJMWMHE CJOA U
NMOKA3aTENd NPEJOMIEHHA .

Ownbra B k (A) OTHOCUTEJBHO MAJa fIPH 3KCTPEMaJbHHX 3HAa-
UEHUAX MPONYCKAHUA W G0Jiee DHAUMTEJNbHA MEX[y HUMU KOTOpOe
NMDUBOOUT K XAPaKTEPHHM HEPOBHOCTAM B, DACCUMTAHHOM CIIEKTpE.
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COMPARISON OF UV -SPECTRA OF AROMATIC SCHIFF BASES AND
THEIR REDUCTION PRODUCTS; POSSIBILITY OF ASSIGNMENT
OF =* « n TRANSITION OF AZOMETHINE GROUP

By -
. J. CSASZAR

Institute of Genetal and Physical Chemlstry, szsef Attila Unlverslty,
H—670| Szeged, P.O .B. 105, Hungary

(Received Q_August 1988)

The UV spectra of Schiff bases of 4~X-W(2-hydroxybenzylidene)aniline

type (X = OC H., CH,, OCH,, H, Cl, Br) and their reduction prod-

- ucets obta1ne3 v1a NaBa reduction were studied, primarily with regard to
the appearance of the n* « n tIBHSLtlon charactet1st1c of the azomethine

group. .

The spectra of Schiff_baseé prepared from salicylaldehyde

-with aliphatic mono- and diamines [1}, ‘aniline [2-5] and pyri-

dine [6] derivatives; and_their molecular conformations [7]
were discussed prebidusiy,,the absorption spectra of the sec-
. ondary aminésloﬁtained'from the above Schiff bases via NaBH,
reduction have also been described [8].

Thé present paper compares the spectra of the Schiff

" bases.(I) and those of their reduction products (II), con-

taining -CH=N- and —CHZ—NH- linkages, respectively, and dis-
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._ dcu-ﬁ@x t O&'F“Q" n

cusses the possibility of assignment of the n* « n transi-
tion involving the lone-pair electrons of the azomethine

group.
Experimental

) The Schiff bases and the secondary amines wefe prepéred
as described previously [1, 2, 7, 8]._The spectra of
n-hexane solutions were measured on a SPECORD Uv-vVIs
spectrophotometer. The compounds studied show a reasonable
solubility in this solvent, and the enol/keto tautomeric
equilibrium {9-12] need not be reckoned with. The spectral
data are presented in Table 1I.

Results and Discussion

The secondary amines are characterized by two high-
-intensity bands- (210 and 230~249 nm, loge > 4) and a medium-
-intensity one (270-280 nm, loge < 4). If these spectra are
compared with those of 1:1 mixtures of o-cresol and the cor-
responding aniline derivatives, the analogy is obvious

" (Fig. 1). Therefore, it seems that the spectra of the amine
studied comprise the slightly perturbed absorptions of the
two aromatic parts of the molecule, as more or less inde-

pendent chromophores.
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" Table I

Spectral data of several Schiff bases and the corresponding.
secondary amine '

Solv* - A/nm and loge

Hex. 211(4.28) 232(4.33) 269(4.11) 344(4.13)

MeCH 228(4.28) 270(4.03) 342(4.10) 430(2.48)
Hex. 210(4.39) 238(4.37) 278(3.78) ~295

MeCH 203(4.86) 246(4.36) - ~280 ~310

Hex. 212(4.24) 233(4.28) 269(4.01) 350(4.22) :
MeOH 230(4.22) 268(3.96) - 346(4.21) 430(2.46)
"Hex. 207(4.32) 236(4.19) 279(3.56) ©~  ~300

MeCH 203(4.58) 243(4.18) . ~275 310(3.43)

Hex. 210(4.30) 231(4.35) 269(4.12) 346(4.16)

MeCH ' 228(4.32) 269(4.02) 340(4.10) 430(2.40)
Hex. 209(4.39) 235(4.35) 279(3.71) - " ~295

MeOH 203(4.67) 244(4.14) =~ ~277 ~300

212(4.36) 230(4.37) 269(4.10) 350(4.28) i
MeCH 224(4.19) 274(3.95) 347(4.18) 430(2.43)
Hex. 207(4.26) 234(4.13) 279(3.47) ~305

MeOH 203(4.28) ° 241(4.15) ~27‘5 - 304(3.22)

Hex. 208(4.37) 229(4.42) 26B(4.23) 344(4.15)

MeOH 224(4.27) 269(3.98) - 340(3.93) 435(2.26) -
Hex. 208(4.23) 233(4.18) 279(3.60) ?

MeOH 205(4.50) 246(4.16) 276(3.53) . ~310

Hex. 213(4.43) 233(4.47) 272(4.31) 347(4.27)

: 230(4.34) 272(4.16) 342(4.14) 436(4.04)
Hex. 207(4.32) 243(4.31) 278(3.60) ~300 .
‘MeOH 206(4.19) 255(3.98) - ~280 307(4.21)

Hex. 212(4.33) 232(4.39) 270(4.24) 344(4.21) :

MeCH . 228(4.42) 274(4.07) '344(4.10) 434(2.02)
Hex. 208(4.41) 244(4.32) 278(3.67) -~ ~305

MeCH 205(4.56) 256(4.35) ~280  307(3.23)

Cyfl5

OCHg

c1

P8 B Y 28 29 28 28 ¢ 83
]

Br

* SB: Schiff base, - - SA: secondary amine,
Hex: n-hexane,  MeOH: methanol
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Figure 1.: UV spectra of 1: salicyiidene-p—toluidine;
2: o-cresol + p-toluidine;. ’
3: salicylidene-p-Cl-aniline; o
4: o-cresol +'p-Cl-aniline. c = 5-10-4 mol/dm3,
Cd=0.1cm '

The three bands mentioned copreSpdnd to perturbed
benzene bands (E,;, By, B, +A 19).A'i‘his'assi.gnment is
supported by the high intensities of the bands, the splitting
of the long-wavelength band, and. the fact that the A3/A
values lie in the interval 1.15- 1.20, which differs only -
slightly from that obtained for the monosubstituted benzene
derivatives [131. The bands shift bathochromically on going
from n-hexane to methanol..Of céurse, a detailed assignment
is difficult, because the 1* « 1 bands of the aldehyde and
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aniline parts overlap.

The  spectra of the Schiff bases are more complicated,
since these three chromophores and their, interactions must
be taken into account. The spectra of the Schiff bases dif-
fer markedly from those of the corresponding secondary
amines (Fig. 2). The difference ié understandable for, with
the transmission of the azomethine group, a uniform con-
jugated system involving the whole molecule is present (III)

OO
ané the lone-pair of the nitrogen atom also takes part in
the conjugation, to an extent depending on the dihedral
angle [7].

Since the Schiff bases ‘and the secondary amines studied
differ only in the connecting. bridge between the two aro-
matic éystems, a comparison'of their sgpectra is important.
Characteristic features in the spectra are the high—intensityA
bands of the g* « n transitions. The band due to the n* « n
transition of the non-bonding lone-pair electrons of the
ézonethine.group is not ;éadily observable, because this is
relatively weak in intensity as,oompared to the n* « n type
transitions. The n* « nbtranéitions within the aromatic
nucleus are also important, but this problem will not be
dealt with now, :

The unconjugated azomethine group gives a weak band in
the range 230-250 nm, ‘with loge~1.8-2.5 (14, 15]. The band
disappears on acidification of the solution, supporting the
. postulate that the lone-pair electrons are involved in the
transition [15, 161..Platt [17) and Sindman [18) estimated
that the n»* + n transition lies at ~210 nm if the'azomethine
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group carries.aliphatic substituents, and at ~250 nm or at
~290 nm if it is conjugated-with a vinyl group or with a
benzene ring. Because of the difficulty of assignment, the
interpretation of the long-wavelength absorption of the
Schiff bases and the assignment of the n* ¢ n transition
have been the subjects of several conflicting reports [e.q.
24]. '

We have prepared several Schiff bases containing an
n~butyl group on the carbon or on the nitrogen and of the
azomefhine group. The spectrum of butylidene-n-butylamine
(Fig. 2) exhibits only a single band (236 nﬁ, loge = 2.30),

Figufe 2.: UV spectra of 1: butylidene-n-butylamine;
2: salicylidene-n-butylamine; 3: n-butylidene-
p-toluidine. c=5-10"% mol/am>, a=1.0 (1),
0.1 em (2,3)
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which can be assigned, in all likelihood, to the * + n
transition. The maximum moves to higher frequencies on
change from non-polar to hydroxylic solvents with high per-
mittivity, which is cha:acteristic of the z* « n transition
{19-21]. The spectra of bénzylideﬁe—n—butYIaminq (246 and
280 nm, loge = 4.16 and 3.13) and butylidene-aniline (235
and 287 nm, loge = 4.03 and 3.42) differ only slightly from
those of benzaldehyde and aniliné,»respectively,vbut the
curves are flattened towards lohgér wavelengths, showing
the piesence‘of a low—idtensity band, which may be located
at around 300 and'320 nm,‘féépectively; This band is pre-
sumably a t* <« n band which, as a consequence of the conjuga-.
fion, displays a bathochromic shift. The spectrum of benzy-
lidene-aniline has a long téperinglend at long wavelengths,
analysis of which suggests‘thevpresenbe of a weak band
(loge ~2.0) near 360 nm, dué to a * « n transition [22,

The conjugation of an aroﬁatic system with the aio—
methine chromophore (having lone-pair electrons) generally
shifts the * « n band to 1ongei wavelengths and produces a
large increase:in intensity. Bonnett [24] suggested that an
aryl group appears to conjugate éffedtively when substi-
tuted on the carbon atom of the azomethine group, but it may
not do so whén substituted -on the nitrogegAatom. Thus, the
spectrum of benzylidene-aniline differs in”detail from that
of stilbene [25], because the N-phenyl group is ;wig&g@ out
from the plane of the rest of the chromophore [24, 26].

A similar conclusion can be drawn in the case of salicy~
lidene derivatives. It is noteworthy ‘that, in the spectrum
" of salicylidene-n-butylamine (218, 256, 262 and 320 nm,
loge = 4.38, 4.03, 3.90 and 3.51) (see Fig. 2), the intensi-
ty relation of thé two maxima of the middle band is reversed
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and the.halfband width increases. Analysis of the curve gives
a weak band at 270 nm (loge ~ 2.50).
The spectra of the salicylidene-anilines (Fig 3.) dif-

R R B B E

Absorbonce

R

Figufe 3.: Spectra of n—hexahe solutions. 1: salicylidene-
-p-toluidine; 2: salicylaldehyde + p-toluidine;
3: (salicylidene-p-toluidine) - (salicylaldehyde+
+ p~toluidine), differential spectrum.
¢ =510"% mol/am®, @ = 0.1 cm

fer completely from those of the components, and also from
the sum of the spectra of the components (Fig. 3). The
greatest difference can be observed in the range 280-360 nm,
resolution of which into gaussian curves results in several
bands, and we presume that the weak band (f ~ 10-4) in the
interval 270-280 nm (loge ~ 2.60-2.80) is assignable to the
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m* <« n transition. .

It is known [19] that, in general, absorption involving
lone-pair electrons moves to higher frequencies 1if, for‘
éxample,ja hydrogen-bond stabilizes the lone-pair in the
ground state. In the case of the salicylidene derivatives,
an intramolecular hydrogen-bond is formed (IV) in which the

0-H., ' ‘
Ol

lone-pair also takes part; consequently, the promotion
"energy will be increased. The Schiff bases bf.salicylal—
déhyde and 2-aminopyridines aiso display a weak band between
300 and 400 nm, which is probably a =* « n band [27].

It seems that the N-phenyl group doeé not appreciably
influence the energy of the x* « n transition. This is
understandable, beCause:the N-phenyl ring is twisted qut'
from the piéne of the rest of the molecule; conseguently,

. the conjugation between'the“aIOmatic ring and the azo-

" methine linkage is limited and the 4-X substituents studied
do not essentially influence the dihedral angle [7]. The
‘probable data on the n* + n bands of the Schiff bases
studied are given in Table II.
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(1]

(2]
(3]

[4]

(31
(6]

(7]
{8]

(9]

{10]

Table II

Characteristics on the 1* « n bands

Compound A/nm loge
butylidene-n~butylamine 230 ~2.30
benzylidene-n-butylamine 300 ~2.45
n-butylidene-aniline 320 ~2.40
benzylidene~aniline 360 ~2.00
salicylidene-n-butylamine 270 . ~2.60
salicylidene~-4-X-aniline 270-290 ~2.60-2.80
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CPABHEHHE Y& CIEKTPOB APbMATMqECHﬁX HPeOBLIX OCHOBAHWM W TIPO-
JYKTOB KX BOCCTAHOBJIEHWA: BO3MOXHOCTL OTHECEHUA w*«n [EPEXOLA
B A30METHHOBOW I'PYIIIE

M. Yacap

Uayuens ¥Y® cnexrpd UubdoBuXx ocHOBAHUE 4-X-N(2-TUAPOKCH-
GEH3WIMAEHO) AHUIMHOBOIO TUMa (X=C2H5, OC,Hg, CH,, OCH,, H,
Cl, Br) W WX MPOAYKTOB BOCCTAGHOBIEHWUA, MOCHE NEACTBUA NaBH,.
OcHOBHOE BHUMahue ObJI0 OofpalleHo Ha ABJeHue N*<n Mepexola Xapax-
TEPHOTO JiJIA a30METHUHOBOW T'DYINIh.
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" LENEDIAMINES, SULPHONAMIDES AND AMiNOPYRIDINES

'BY
J. CSASZAR

Institute of General and Physxcal Chemxstty, szsef Attila Unlversxty,
--H-6701, Szeged P 0.B. 105, Hungary
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Molecular complexes of p1cr1c acid and hexanitrobiphenylamine with -
Schiff bases (SB) derived from salicylaldeliyde and alkylamines, poly-
methylenedlam1nes, sulphonamides . and amlnopyrldxnes, with formulae SB.
.A or SB.A, (A = acceptor mgleculq), were prepared and characterized
through UV,“visible, IR and |H NMR. spectroscopy. Picric acid and hexa-

‘nitrobiphenylamine act as' acceptor molecules and bind to the aromatic

"rings of the donors via 1ntermolecu1ar ® - u charge transfer interac-
tlons

Pfeiffer [1] suggested that the interactions between
“the components in a molecular complex could be regarded as
interactions. between particulér force fields to be assigned
to certain régions of the molecules..For'exaﬁple, when an
aromatic amine is compléxed with- a polynitrophenol, for in-
stance picric acid, PA, two types of force field must be
considered: one type of force field,produces an acid-base
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interaction (proton transfer, PT), and the other type an
electron donor-acceptor interaction {(charge transfer, CT).

The preparation of PA complexes through the use of dif-
ferent solvents, and the isomerism of CT-PT complexes, were
extensively studied by Matsunaga et al. [2-4]. Issa et al.
[5-6] pointed out that, in the molecular complexes of
benzylidene derivatives and PA, phe occurrence of CT, PT
and n-n interactions is possible.

As part of a continuing survey of the spéctral charac-
teristics of Schiff bases (SB) [7-10] and of their molecular
complexes [11, 12], we have examined the ability of the SB
derived from salicylaldehyde with alkylamines, [13], poly-
methylenediamines [9), sulphonamides [14] and aminopyridines
to form molecular complexes with different acceptor mole-
cules. We now report the preparation and the UV, visible, IR
and JH NMR spectra of molecular compleies of SB of types I,
I1I, III and IV as donors with PA or hexanitrobiphenyl-amine

(dipicrylamine, DPA) as acceptor molecule (see Table I).
Experimenial

The SB were synthetized as described previously {13-15].
' The complexes were prepared by mixing hot methanolic solu-
tions of .donor and acceptor in 1:1 and 1:2 mole ratios. On
cooling, crystalline products separatéd out, which were
filtered off and washed with cold ethanol and ether. The
"m.p.s. and the analytical data on the complexes prepared are
listed in Table II. The SB with even numbers of methylené
groups form crystalline products with PA more easily'and

faster, but in the case of longer chains (n > 8) no‘crystal-
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Table I

The Schiff bases studied and the numbering of their

molecular complexes in the text

OH )
@CH N-(CH) N= m@ QCH NOSO NH-R
1 {DPa, “Pn) it tead

No. n Comp. No. n Comp. o.. ‘R*
10 1:1 5 5 1:1 8 —CH,N,
1a 1:2 . 5a 1:2 9 -C(O)NH,
2 2 1:1 6 6 1:1 10 C5H5N20
2a 1:2 6a 152 11 -CgH,N,
3 3 1:1 7 8 111 12 -C.HgN,O
3a 1:2 Ta 1:2 a3 6H7N202
4 4 11 14 ~CgH(NO

4a 1:2 15 ~C4H,NS

* The parent éulphonamides: 8: 2-(4'-aminophenylsulphonyl) -
amino-4,6-dimethylpyrimidine; 9: (4'-aminophenylsulphonyl)-
carbamide; 10: 6—(4'—aminophenylsulphonyl)-amino—3—methdxy;
pyridiazine; 11: 6—(4'—aminophenylsulphonyl)-amino—Z,4-di—
methylpyrimidine; 12: 2—(4'—aﬁinophenylsulphbnyl)—am;no—s—
methoxypyrimidine; 13: 6—(4’-aminophenylsdlphonjl)—amino—
2,4-dimethoxypyrimidine; 14: 5-(4'-aminophenylsulphonyl)~
amino-3,4-dimethyl-1,2-oxazole; 15: 5-(4’-aminophenylsulpho—
nyl)-amino-3-methyl-1,4-thiazole." :
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Table I (Ccntinued)

OH OH
@ S o C

I veay . 1V tDPA)
No. Alkyl No. Alkyl No R **
16 CHy 22 n-CgH, 28  -C.H,N
17 CoHg - 23 i-CgHy 29 -CgH,N
18 n-CyH, 24 CgHy3 30 -CgHyN
19 i-CyH, 25 CgHy 31 -CgH3N(CH,y)
20 n-C,Hg 26 CioH2q 32 ”rC5H3N(CH3)
21 i-CyHg 27 | CyoH, 33 -CgH3N(CHj)

Amines used: 28: 2-aminopyridine; 29: 3-aminopyridine;
30: 4-aminopyridine; 31: 2-amino-3-methylpyridine;

32: 2-amino-4-methylpyridine; 33: 2-amino-5-methylpyridine;
34: 2-amino-6-methylpyridine. s

line producf can be isolated. The DPA complexes of salicy-
lidene-alkylamines (16~27) were investigated only in solu-
tions prebared with different mole ratios.

The UV and visible spectra were recorded on a SPECORD
UV-VIS spectrophotometer in spectroscopically pure solvents
at room temperature. The IR measurements were carried out
"on a ZEISS SPECORD M80 instrument in KBr discs. The 1H NMR
spectra were obtained on a BRUKER FT80 instrument in DMSO-

d

6’ using TMS as internal standard***.

*kk ’ ' . .
The author is grateful to Dr. G. Horvath (CHINOIN) for

the 1H NMR and IR measurements.
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Table II

-Analytical data on the molecular complexes prepafed

C % : H %
No. Col* M.P.** .
Calcd. Found Calcd.., Found
1 LY 170 - 173 51.18 51.07 3.12 3.20
ia LY 193.5 - 194.5 44.71 44.06 2.60 2.33
2 LY 113.5 - 114.0 53.12 52.44 3.85 - 4.00
2a LY 170 - 172 46.29 47.82 3.06 2.84
3 0 147 - 149 54.01 53.87 4.14 4.05
3a LY 177 - 179 47.03 46.77 3.27 3.09
3 o) 175 - 176 54.86 54.66 4.41 4.31
fa LY 195 - 196 47.75 47.51 3.47 3.33
5 o) 123.5 - '124.5 55.66 55.33 4.67 4.56
Sa LY 164.5. - 165.5 48.44 48.37 3.67 3.51
6 LY 155 - 156 56.42 56 .40 4.92° 4.77
6a LY 175 ~'176 49.11 49.01 3.86 " 3.88
7 LY 153.5 ~ 154.5 57.83 57.77 5.37 5.31
7a LY 161 -~ 162 50.37 | 49.98 4.23 4.21
] LY 113 - - 114 44.29 44.08° 2.88 2.72
9 BY 139 -~ 140 40.16 39.88 2.46  2.33
10 LY 160 -~ 161 42.76 41.64 2.63 2.53
11 0 106 - 107 44.2 44.08 2.88 2.58
12 LY 180 -~ 181 42.76 42:.59 2.63  2.55
13 0 74 ~ 175 42.67 - 42.55 2.77 2.59
14 0 77 - 78 43.43 43.09 2.79 2.68
15 o) 119 - 120 41.88 41.66 2.55 2.52
28 R 177.0 ~ 177.5 40.16 39.86 1.87 2.01
29 sC 186 ~ 187 45.32 - 45.85 2.37 2.50
30 R 199.5 ~ 200.0 40.16 39.54 1.87 1.94
3 sC 197 ~ 198 40.75 40.28 2.03 1.96
32 BR 196 ~ 197 40.33 1.88
33 sc . 175 ~ 176 40.25 1.92
34 sC 186 - 187 39.98 2.00

Y: yellow; R: red; SC: scarlet; BR: brownish-red;

r

0: orange; LY: lemon-yellow; BY: brownish-yellow

* % ’

uncorrected values.
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Results and Discussion

A) PA cemplexes 1-7 (1:1) and la-7a (1:2). Upon complex

formation, the spectra of the SB {15] change considerably
(Table III); the 240-320 nm bands become indistinct, and

only inflections appear (Fig. 1/2). In the range 350-420 nm,

Abscrbance

Figure 1.:

UV and visible spectra of the SB{(n=5) (1),
¢=2.09.10"%; 5a (2), ¢=3.90.107%; 5a in cc

sulphuric acid (3), c=3.85.10"7%; the 1:1 Dpa

complex (4), c=2.12.10-6 mol/dm3. Solvent
(1, 2, 4): methanol; d4=0.1 cm. :

a medium-intensity, broad band appears with an inflection

on the long-wavelength side.

In chloroform (and in other

solvents not forming hydrogen-bonds), the spectral struc-
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Table III

Spectral data on the PA complexes

No. v A/nm and loge measured in CH40H
1 220(4.63) ~240 - 295(4.57) - 356(4.61) ~420
la 220(4.86) ~240 - 294(4.73) 354(4.81) -~420
2 415(4.69) ~230 257(4.39)  ~280 354(4.39) ~400
2a 214(4.75) ~230 252(4.50) ~280 353(4.48) ~400
3 216(4.60) " ~230 - ~245 ~280 . 351(4.39) ~410
" 3a 214(4.72) ~230 ~240 - - ~280 352(4.58) ~410
4 214(4.82) ~225 253(4.51) ~278 351(4.44) ~400
4a 213(4.79) ~225 - ~255 274(4.49) 353(4.53) ~400
5 214(4.75) ~225 . ~250 ~280  355(4.51) ~400
5a 211(4.73) ~225 - - 275(4.48) 355(4.63) ~400
6 214(4.77) ~225 257(4.46) 274(4.45) 352(4.41) ~400.
6a 211(4.83) ~225 - 274(8.63) 352(4.64) ~400
7 212(4.59) . ~225 = .. 274(4.33) 354(4.44) ~400
7a 213(4.79) ~225 = 275(4.59) 354(4.66) * ~400
8  204(4.79) - ~240 '+ 273(4.48) 351(4.48) ~390
9 ~215 - . - ~250  270(4.36) 350(4.20) ~400
10 ~210 - - . =250 ~270  349(4.33) ~400
11 203(4.84)  ~  254(4.60) ~ 301(4.36) 351(4.39) ~400
12 214(4.54) - = =235 271(4.33) 350(4.04) ~410
13 ~215 -~ 260(4.37) ~278  350(4.09) ~410
14 213(4.61) © - - ~245 © 271(4.37) 350(4.21) ~400
15

~215 - -5 288(4.25) 350(4.28) ~400

ture is similar, but the long-wavelength band is almost sym-

" metrical; the inflection is absent. The spectra of the
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complexes with composi;ﬁons donor/acceptor 1:1 and 1:2 do
not differ considerably.

The main IR frequencies of the SB are not changed sig-
nificantly in their PA complexes; the frequencies of the
=NH-group are not detectable, and thus a PT from the OH
group of PA to the nitrogen atom of the azomethine group can
be excluded. Thé’YCH bands of the donors shift to higher

wavenumbers, iﬁaicating a decrease in the n~electron density
' , band of

the acceptor shifts to lower wavenumbers (from 1352 to

cas a consequence of the intermolecular CT. The v NO

1325-1340 cm 1).; the increased n-electron density favours a
higher polarization of the nitro group, and accordingly a
lower N=0O bond order.

We presume that, in the spectra of methanolic solutions
of 2-7 and 2a-7a, the range 210-320 nm contains the bands of
the 2* <« 1 transitions of both the donor and acceptor mole-
cules, while the 350 nm band involves ﬁhe band of PA it-
self (Aﬁax = 350 nm, loge = 4.02), the'band of the inter-

- molecular CT, and the band (~ 420 nm) of the tautomeric
equilibrium system characteristic of SB of this type [9]. It
seems that the interaction with PA does not prevent the
formation of the hydrogen-bonds within the SB molecule. In
contrast with the example described above, the spectra of

1 and la are different from those of the other compounds
discussed, whereas those'of the parent SB and of 1 and la
are‘similar (Fig. 2), and do not change in different solvents.

It is interesting that, thle the parent SB undergoes
hydrolysis relatively rapidly in concentrated sulphuric acid
solﬁtion, the PA complexes remain almost unchanged during
60-80 min (Fig. 1/3).
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Figure &.: Spectra of methanolic solutions of the SB(n=0)
(1), c=4.2.107%; 1a (2), c=4.3.107%; and the"
1:1 DPA complex (3), c:'=2.3.'»‘l0“4 mol/dm3;
d=0.1 cm.
B) PA cocemplexes Q—lﬁ, The spectral structures of the PA
complexes (Taklé III) do not differ fundamentaliy from that of
the corresponding SB [14]; the characteristic 270 nm band is
unambiguously observable. In the spectra of the SB, there is'
a flat part,betﬁeen.280 and 350 nm, with an indistinct band
at around 340 nm f14], whereas the spectra of the PA com-
plexes (Figs 3 and 4) display a high-intensity band in this
region. The calculated curve and the measured one_exhibit a

considerable intensity difference, from which we conclude
that this range contains bands of different origins, as dis-
cussed above. The high-intensity bands below 300 nm result

fram the ™~ n transitions of the aromatic systems. It_is re-
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Absorbance
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Figure 3.: Spectra of methanolic solutions of 14 (1),
c=3.8.10"%; 9 (2), c=6.23.107%; ana 15 (3),
c=5._09.1o'4 mol/dm>; d=0.1 cm.

markable that the -NH-R heteroaromatic ring scarcely in-
fluences the spectra; the complexes of 8 and 9, for example,
even when R=H, give totally similar spectra.

In the IR spectra; a broad, medium-intensity band
exists, at around 3000-3100 cm_1, due to the vOH vibration.
The strong bands between 1630 and 1660 cm-1 correspond to
the. stretching vibration of the C=N bonds, while there is a
strong, broad band between 1550 and 1570 cm-1, which can be
assigned as a vasNO2 vibration. If there is some other, for
example n~n interaction, two vaSNO2 bands appear; one of

. these is again .equal to or greater than the frequency of the
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FPigure 4.: Spectra of methanolic solutions of the parent
4

sulphonamide of 12- (1), c=3.8.10" ; the SB (2),
c=3.9.10"%; and 12 (3), c=4.4.10"% mol/am’; .
-d=0.1 cm. '

single band of PA, while the second band is located at lower
frequencies [16]. The bands of the v_ 80, and v SO, vibra-
tions are also well distinguishable in the range of 1340-1370
and 1150-1170 cm—1, respectively. It can be stated that the
IR spectra show differences only in the range of the skeletal
vibrations; the other ranges ére similar. Unfortunately, the

spectra are extremely rich in bands, so a full assignment is

difficult.
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C) DPA complexes. It has long been known that DPA yields

slightly soluble compounds with, for example, quaternary

ammonium compounds [17] or different organic bases [e.g.

18, 19]), but very few data can be found in the literature
on the spectral behaviour of molecular complexes of -aro-

matic SB and DPA.

While the molecular complexes of SB with PA are gene-
rally yellow or orange, the complexes of DPA are brick-red,
scarlet or violet. From the structure of DPA, it is obvious
that donor + acceptor PT is impossible, and thus only CT
processes need be taken into account.

Salicylidene-polymethylenediamines (1-7) form red
crystalline complexes with compositions 1:1 and 1:2, the
spectra of which are very similar to those of the PA com-
plexes (Figs 1/4 and 2/3); the long-wavelength band shifts
to approx. 410-420 nm, due to the ihcreased conjugation
systems. On the basis of the high similarity of the spec-
tra, it is reasonable to assume that the PA and DPA com-
plexes have similar structures, and similar excitation pro-
cesses .play impbrtant roles in their spectra.

Tﬁé salicylidene-alkylamines (16-27) élso form molecu-
lar complexes with DPA in chloroform or methanolic solution,
with composition 1:1. In this series, all the speétra dis-
play a high similarity to each other; for a typicél example,
see Fig. S. The spectra of these compounds are complicated
superpositions of the spectra of the components: the long-
wavelength band also contains the band assigned to the CT
processes, in which the aldehyde ring of the SB obviously
takes part in the interaction. ' ’

Molecular complexes 28-30 exhibit different spectral
structures. 28 shows two bands (295-310 and 380-430 nm);
the latter one has the higher intensity. In the case of 29,
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Figure 5.: UV and visiblé_spectra measpred in methanol

(1) DPA, ¢=3.19.10"%; (2) sB of 26,
¢=2.30.107%; (3) sB+DPA, cg =1.9.107%,

Cppa=2-15.107" mol/am’; @=0.1 em.
the bands lie closer together (340-360 and 410—430 nm) and
they have comparable extinction coefficients, while in the .
spectra of 30, only one, high—inteﬁsity,'broad band exists
(Table IV, Fig 6) . o : E '

The visible band is in every case broad and asymmetric.
Accordingly, we presume that this band contains not only the
385 nm band of DPA ‘but. also the band which corresponds to
the = - n CT. An important solvent effect is observable in
the spectra of 29-34 (see Tables IV and V), but no rela-
‘tionship can be found between the'spectral chapges and the
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Figure 6.: Spectra measured in methanol. (1) 28,

c=1.11.10"%; (2) 29, c=1.30.107%; (3) 30,
4 mol/dm3; d=0.1 cm.

c=1.30.10"

<«

solvent characteristics. The solution spectra do not
- rigorously obey the Beer law, so we assume that an equi-
librium system is formed in solution. In the reflection
spectra of 28-30, no band appears in the visible; oniy a
well-defined inflection is observed at around 400 nm.

Selected 'H NMR and IR data on 28-30 are presented in

Table IV; partial spectra are shown in Fig. 7. A comparison
between the NMR spectra of the studied complexes and those
of the components reveals that the signals of the donors
and the acceptor are generally shifted to higher and lower
6 (ppm) values, respectively. The shifts of the signals due
to the pyridine protons are higher, which supports the as-
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Table IV

uv, yisiple (Amax

spectral data on complexes 28-30

/nm and loge), 'H NMR and IR (cm )

Solv. 28 29 30
MeOH ~ 310(4.62) 421(4.92) ° 348(4.36) 417(4.34) 419(4.86)
‘CcHCl; | ~280 © ~460 3493) ~400 415

CH,CN 298(4.43)° 423(4.84) 354(4.44) 420(4.43) 438(4.82)
DMSO  309(4.70) 430(4.93) 340(4.32) 434(4.32) 433(4.82)
Acid  303(4.65) 380(4.58) 3362 ~280 3802

Base 300(4.47) 422(4.85) 283(4.42) 406(4.67) 420(4.75)

Assignments . )
SCHN 8.80- o 8.80 8.80

6CH (py-ring) 7.902 7.68) 8.08>)
b) : b) b)
6CH (ald-ring) 6.95 7.06 6.86
vNH 3100m 3090m " 3160m
vC=N 1668s o 1625s 1650s
v__NO 1588s : " 1560s ‘ 1585s
as 2 ) . c)
v NO, 1285s 1305s 1305s
yC-N (H) S 1166m 1170m - 1160m
' 908m o 908m 907m
Yon 767m. N 764m 765m
738m : A 740m 738m
l718m ' 718m : 720m
a) b)

very poorly soluble; the values denote the main

c)

freduencies of the multiplets; broad complex band
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Table V

Spectral data on molecular complexes 31-34

No. Solv. A/nm and loge

31 MeOH  315(4.46) - 422(4.74)
CHCl, ~280 389 (4.42) ~410
CH,CN  304(4.32) - 426(4.72)

32 MeOH  318(4.41) - 420(4.73)
CHC1, ~280 "385(4.33) ~460
CH4CN  313(4.34) - 425(4.79)

33 MeGH  311(4.68) - 420(5.02)
CHC1, ~280 3802) ~470
CHyCN  302(4.26) - - 425(4.72)

34 MeOH 261(4.72) 350 (4.59) 420(4.58)
CHCl, 278(4.78) 350(4.66) ~390

CH3CN 273(4.69) 347(4.63) 423(4.60)

a) very low solubility

sumption that the pyridine ring is thé donating system in
the CT interaction. In the case of the parent SB, the two
overlapping band systems of the aldehyde and pyridine ring
protons lie between 6.7 and 8.1 ppm, while in the spectra
of the CT complexes, the two band systems are separated by
about 0.8-1.2 ppm. .

As a’'result of the n - n interactions, the characteris-
tic IR frequencies of both the donors and the acceptor

change. The sharp vNH frequency of DPA appears at 3095 cm?1;
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Figure 7.: Partial L NMR (6/ppm) {(a) and IR (v/cm_1)
(b) spectra of DPA complexes 28, 29 and 30.

in the spectra of the complexes it is found at around
3090-3200 cm” !

some splitting,- indicating a higher differentiation of the

. The “asNOZ-band becomes broader and shows

O
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energy states of the nitro groups in the compiexes than that
in free DPA. A similar change may be observed for the v NO
bands. The vC=N band shifts toward higher wavenumbers as )
compared to the parent SB molecules. In the range 700-910

2

cm 1, several bands are observed that are due;to the yCH
vibrations of the different aromatic rings. The yCH bands of
the donors shift to higher wavenumbers, which is a criterion
for a CT interaction of ® - n type [16, 20]. On the other
hand, the YCH bands of the pyridine ring exhibit higher -
shifts in comparison to those of the benzal ring, indicating
similarly that the CT takes place between the pyridine ring
and the acceptor molecule.

Issa et al. [21) consider that, in the case of benzy-
lydene-aniline derivatives, the aniline ring is the centre
primarily contributing to the intermolecular CT interaction;
however, in the case of the donor:acceptor 1:2 complexes,
the aldehyde fing also takes part in the complex formation. ’
Considering the analytical data andltﬂe experimental results,
in the case of salicylidene-polymethylenediamines (1-7) and
salicylidene-sulpbhonamide derivatives (8-15), 1:1 + 1:2 and
1:2 Complexeé are formed, respectively. Since the SB studied
are weak electron-donors and PA is a weak acceptor, the
resulting CT complex may be expected to be non-ionic. The IR °
data suggested that the formation of the intramolecular six-
membered ring [22, 23] prevents the intermolecular PT; and
since the nitrogen lone pair blocks this, the n - ®n interac-
tion is also improbable; the studied complexes are formed
only via an intermolecular CT interaction.

With DPA, 16-27 and 29 form 1:1 complexes, while -28-34
yield 1:2 complexes knot 29) . We presume .that both the
aldehyde and pyridine rings take part in the 1:2 complex
formation (Structure V), while in the case of 29 the interac-
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tion occurs only between the pyridine ring and the aromatic

system of the acceptor (Structure VI). However, the dif-

v
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ferent behaviour of 29 is difficult interpret. Saito and
Matsunaga [3] have reported amine-PA 1:2 molecular com-
plexes, in which half of the amihe molecules act as proton-
~acceptors, while the‘other half participate in CT interac-
tions with the picrate ion; i.e.Aone of the two PA may be a
proton-donor, and the other an electron-acceptor. In this
case, the IR spectra show the v—ﬁH3 band in the range
2500-~-300 cm_1. We have no experimental data suggesting the
simultaneous operation of CT and PT and/or n - n interac~
tions. It is very difficult to interpret the real structures
of these molecular complexes, because stroné steric inhibi-
tion influences the conformations of both the donor and ac~
ceptor molecules. )

It is very important to note that it is possible to
prepare molecular complexes with different compositions
from similar donors and acceptors, depending on the experi-
mental circumstances (temperature, solyent, etc); this

problem requires still further investigations.
(¢}
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U3YUEHUE CHEKTPAJIBHHX CBOWCTB MOJEKYJIAPHHX KOMIJIEKCOB [MH3PO0-

BblX OCHOBAHWP OBPA3OBAHHHX W3 CAJIMUUIOBOrO AJBIAEIMOA ¥ AJIKH-

JAMAHOB, TOMMMETHJEHAMAMAHOB, CYJNBBOHAMUIOB U NUPUIKHOB C
TIMKPWIOBOA KUCJIOTOM ¥ I'EKCAHUTPOBUOEHNIAMAHOM

M. Yacap

N CMHTeTMampOBaHm'M xapaRTepuaoaaHm Cc moMoubi ¥, énnnmoﬂ,
MK » ‘u SIMR CNEKTDOCKONHUM mM¢¢OBue OCHOBaHUA (SB) KOMIIEK-
COB NMUKDPWJIOBO# KUCJOTH U PexcaHnTp06m¢eumnaMMHa, NPOU3BOJI-
HHX CANMUMIOBOTO aJbJeTMis ¥ &JIKUIAMUHOB, TMOJUME TUIEHOJUaMY ~
HOB ¥ aMWHOMUPUIMHOB COCTAB& SB.A ¥/ SB.A 2 (roe A moneky-,
Ja axueHropa).[lMKpUIOBaA KUCJAOTA W IeKCaHUTPOOHUPEHUIAMUH
nefcTByOT xax aKLeNnTOpH MOJEKYys ¥ CBABHBANTCA K ApOMATHUEC-
KUM, KOJBLiaM HOHOPOB IyTeM Mexuonexynﬂpnoro BaanmoneMCTBuﬂ
n -1 aneprOHHoro nepexoca 3apﬂna
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SOLVENT EFFECT IN THE FORMATION OF SCHIFF BASES
By

P. NAGY AND R. HERZFELD . '

Departuent of Chemistry, JuhAsz Gyula Teachers' Training
College, P. O. Box 396, H-6701 Szeged, Hungary

(Received 30th June, 1988)

The formation of substituted N-(benzylidene)anilines was studied in
various solvent mixtures. For compounds containing an OH group in the:
o- ot p-position on the _aldehyde ring, good' correlations were found
between log k and the E_ and B, values of the solvent mixtures, and
between log k and the activity coefficient of the more polar solvent
component. : Co '

Introduction

Since Schiff bases are of importance from both theo-
retical and practical aspects, .they have been studied
widely. The condensation of aromatic aldehydes and aromatic
amines is particularly suitable for the kinetic study of
their formation. Kresze and his coworkers [1-3] reported
that the mechanism of theldnetically-sécond order process

is as follows:
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=)

o] o]
/)/ /(+)
R~-C +INH2“R'£R-C——NH2-R’—-—->‘
\\ .
H . H
OH

—ﬁR-é-_ﬁH—R'—-»R-’CH=ﬁ-R'+H20
3
. On the basis of thiévmechanism, it can be expected,

-that the reaction will be accelerated by any factor which
reduces the electron density on the carbonyl. carbon atom or
increases'the electron density on the nitrogenvétom. This
was earlier confirmed by studies of the effects of the
substituents on the aldehyde and amine components [4, 5].
Previous solvent effect results also accord fully with the
presumed mechanism [6]. The present paper reports on a study.
of the rates of formation of some Schiff bases as functions
of the acidity and basicity parahete;s‘(Eg anq BKT) of
various solvent mixtures and the activity coefficients of
the solvent cdméonents. This study was intended to clarify
details of the solvent-effect and the connection between
the solvent effect and the substituents. This method has al-
- ready been applied with good results in .investigations of
-the amine exchange and hydrolysis of Schiff bases [7, 8].

Exzperimental

Thé formations of the following Schiff bases were
.studied:
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= 2-OH, R’ = H

1 R
2 R = 2-OH, R’ = 4-CH,
3 R = 2-OH, R’ = 4-0CH,
4 R = 4-OH, R’ = 4-OCH,
5 R=4-CHj, R’ = 4-CH,
6§ R =4-0CH;, R’ = 4-CH,

The Sghiff bases, aldehydes and amines used for the
kinetic measurements were ﬁurified.by recrystallization or
distillation, and their purities were then checked via
melting point and boiling point measurements and determina-
tion of the absorption curves. The organic solvents applied
were purified by means of the methods customary in spectros-
copy, and were carefully freed from water. Bidistilled water
was used to prepare the alcohol-water solvent mixtures. The

3 2 mol/dm3 concentration and

-107

reactants were used in 10
the reactions were followed spectrophotometrically at 298 K.

1.m:‘Lr1-'1 were calculated for

The rate constants dm>.mol”
second-order reactions. For mixtures contaihing water, the
reverse reaction (hydfolysis) was also taken into considera-
tion. ' . ' . .

The acidities of the solvents were characterized in
terms of the Reichard parameter Eg {9], and their basicities
in terms of the modified Kamlet-Taft parameter By, (10, 11].

These parameters were determined earlier (12].
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Results and discussion

Rate constants determined in various solvent mixtures
N

are given in Tables I-III, which list the ET and BKT values
of the solvent mixtures, and the activity coefficients (y)
of oﬁé'or‘bo%hjéomponents.

Similarly as in investigations of the amine exchange
and hydrolysis of Schiff bases [7, 8], the followinag equa-
tion was applied to describe the correlation between the

rate constant and the solvent parameters:

E} + b.B + a (1)

log k = b, Ey, 2Bkr

The data in Tables I-III were employed with the method

of least squares to determine the constants (b b, and a)

in Eq. (1), and the multiple correlation coeff1c1eit (R)
was calculated. For a better comparisom of the effects of
acidity and basicity, the regreSSLOn coefficients b and b2
were converted to beta coefficients 61 and 82, tbgsg were
normalized [18, 7], and the distribution of the effects of
acidity and basicity (B; and B,) was obtained .in percentages
for the reaction in question. The calculated values are
listed in Table IV.

Similarly as in investigations of amine exchange [19],
the following relationship was applied to characterize the
connection between %hevrate of formation and the composition

of the solvent mixture:

log k = x1log kq + leog k5 + BX,X, (2)



Table T

Rates of fermation of Schiff bases (1-6) in

ethanol (1) ~benzene(2) solvent

mizture
T 298 K
i IR Y2 Eg Bpr — logk*®
(13) {131 [12] [12] 1 "2 3 4 5 6

0.000 - 1.00 0.127 0,08 0.477 0.869 1.204 - 0.556 0.146
0.145 3.70 1.12 0,428 0.34 2.079 2,462 2,875 - 0,653 0,301
0.276 2.25 1.29 0.470 0,50 2.3%2 2,748 3,176 1,720 0,752 0.447
0.3¢5 1.71 1.45 0.501 0.56 2.562 2.929 3.326¢ 1.879 0.851 0.580
0.604 1.25 2,06 0.548 0.64 ~2.816 3,193 3.577 2.025 1,041 0,799
0.781 1.06 2.80 0.584 0.70 2.997 3.377 3.769 2.312 1.243 1.013
0.932 1.02 3.92 0.633 .0,77 3,173 3,556 3.929 2,596 1.562 . 1.255°
1.000 - 0.655 0.78 3.255 3.638 ‘ 1.785 1,398

1.00

4,009 2,734

SS
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Rates of formation of Schiff basea (1-3) in ethanol

Table II

(1)-acetona(2) salvent mixture

= 298 K -

: T
X3 Y1 Et'; By l,og' ke
(151 [14] (141 1 2 3

0.000 - 0.355 0.54 1.114 1.591 1.875
0.123 1.67 -0.537 0.55 1.544 1.993 2.398
0.240 2.52 0.580 0.56 1.836 2.305  2.663
0.352 1.40 0.610 0.58 2.009 2.484 2.863
0.558 1.21 0.634 0.61 2.336 2.794 3.188
0.746. 1.10 0.643 0.65 2.653 3.117 3.477
0.920 1.03. 0.647 0.70 3.045 '3.455 3.813

0.650 0.77 ‘'3.638 4.009

1.000 1.00

3.255

B values were calculated from the data in Tables I-1II,
and a study was made as to whefhe; the relationship

established for amine exchange [19] was also valid in this

- case:

-Values of a and b calculated with the method of least

"B =b Y4 +a

(3)

. squares for the reactions in question, together with the

correlation coefficients (r), are to be found in Table V.
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Table IIT

Rates of farmation of N-(2-hydrczybenzylidene) 4’ -methyl-
~aniline in water (1)-~methanol(2) solvent'mixture
' T = 298 K

BKT

o
: log k + 1

(171 [16) [16]

0.000 - _ 0.77 0.62  0.806
0:195 1.19 0.78 0.54  0.991
0.350 . 1.14 0.79 0.55 1.176
0.477 1.06 0.81 0.53 . 1.346
0.584 0.97 0.82 0.50 1.519
0.756 0.83 0.86. 0.39  1.833
'0.830 0.78 0.89 0.34 ¢ 2.000
1.000 1,00 1.00.°0.19 ~ 2.450*

* .
extrapolated value

‘Thé'dataJin Table IV reveal that Eq. (1) satisfactorily
describes the solvent effect in the formation of Schiff
bases (1-4) which contain an OH group in the o- or p-posi-
tion'oﬁ the aldehyde fing_Eor the 2-hydroxy derivatives
(1-3) in ethanol-benzene, the rate of formation is decisively
(94-96 %) influenced by the acidity of the solvent. This can
be interpreted in that the OH group in the o-position is
intramolecﬁlarly hydrogen-bonded here too, anrd thus the al-
cohol molecules can interact with it only as hydrogen donors.
On the ofhef hand, this interaction greatly increases the
positiveness of the azomethine carbon atom and hence the rate
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Table IV

Application of equation (1) to the formation of.Schiff

bases in different solvent mixtures

Solvent  Schiff

b, b, a  Bj(® By® n R
mixture base ’
1 5.093 0.193 -4.152 94.87 5.13 8  0.9984
2 5.067 . 0.201 -3.759 94.64  5.36 8  0.9986
ethanol~ 3 5.631 -0.162 -3.456 96.04 3.96 8  0.9976
-benzene 4 .8.967 -2.229 -5.389 72.12 27.88 8  0.9954
5 -2.066 3.014 -3.572 32.44 67.56 8  0.8785
6 -2.125 '3.197 -3.956 31.77°68.23 8  0.9336
1 2.829 6.372 -7.373 35.22 64.78 8  0.9934
ethanol~ 2 2.887 5.955 -6.701 37.25 62.75 8  0.9915
Tacetone 3 3.272 5.723 -6.417° 41.19 58.81 8  0.9944
- water= 2 1 9.153 -0.264 -6.967 93.98 6.02 7  0.9820

-methanol

of the reaction.

(+) H

[0

s R - 0 - H--o-oo\H-:

(The interaction between the oxo group and the alcohol can
be neglected in comparison with this, but the rate of the
reaction is several orders lower in the absence of the 20H

group.) For the 4~hydroxy derivative, the acidity function



Table V

Application of equation (3) to the formation of Schiff

bases in different solvent mixtures

. Schiff

Solvent mixture base b a p r
1 2.911 -1.016 6 0.9985
2 2.901 -1.037 6 0.9987
ethanol-benzene 3 3.089 -1.123 6 0.9986
5 0.420 71.943 6 0.7074
6 0.195 ~0.805 6 0.7093
. 1 3.261 -=3.879 6 0.9983
ethanol-acetone 2 2.669 -2.969 6 0.9934
3 4.004 -4.431 6 0.9922
water-methanol 2 0.840 -1.859 6 0.9950

of the solvent decreases and its basicity function increases,

and the latter hinders the reaction (b2 < 0). The reésdn for

this is probably that alcohol molecules can interact with the
OH group in the p-position either as H-donors or as H-ac-

A ceptors. However, the latter hydrogen-bond decreases the

positiveness of the Azomethine carbon atom and hence does not

promote the reaction.

Naturally, in the examined reactions the interaction
between the amine component and the solvent must also. be
taken into account. The alcohol molecules can form hydrogen-
-bonds by reacting as either H-donors or H-acceptors with the
amino groups, with resulting opposite influences on the
nucleophilic nature of the nitrogen atom. Since the
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-O-H----- N£ bond is the stronger, the acidity of the solvent
can be the more important from the aspect of formation of the
Schiff base, hindering the reaction. However, this effect is
unimportant if the aldehyde molecules contain OH groups in
the o- or p-position, because the rate-increasing effects of
these are considerably higher.

The situation changes if the aldehyde component does not
contain an OH group in the o- or p-position. In this case the
rate of the reaction is considerably lower and thus the
importance of the effect of the hydrogen-bond formed with the
OXO Oor amino group increases. However, the acidity of the
solvent influences the reactivities of the aldehyde and amine
components in opposite ways. This presumably explains why Eq.
(1) yields a very poor correlation for compounds 5 and 6
(R =0.8785 and R = 0.9336). '

" There are very good correlations for compounds 1-3 in
ethanol-acetone, but the effect of the acidity of the solvent
greatly decreases and the effect of ité basiéity increases.
In our opinion this is causéd'by hydrogen-bond formation
between ethanol and acetone or between amine and acetone. The
former hinders the interaction between ethanol and aldehyde,
but the latter increases the electron density dn the amine-
-nitrogen and hence the rate of the reaction. In water-
-methanol, the acidity of the solvent also has a decisive
role.

For the formation of Schiff bases (1-3) which contain
an OH group in the o-position on the aldehyde molecule, a
very good correlation was found with both Eq. (2) and Eq.

(3) (Table V), similarly as in the amine exchange of Schiff
bases [19). However, when there are -CH3 or —OCH3 sub-
stituents instead of -OH in the molecule, the correlation is

very bad. It is interesting that for these compounds B < O
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in Eq. (2), as log k measured in the mixture is lower than
would follow from the additivity; each solvent component
mutually "spoils" the effect of the other. For compounds
1-3, B 1s positive; in the mixture log k is higher than cor-

responds to additivity. This is illustrated in Figures 1
and 2.

¥
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Figure 1.: Deviation of the formation rate of compound
5 from the additivity in ethanol-benzene
solvent mixture
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Figure 2.: Deviation of the formation rate of compound
1 from the additivity in ethanol-benzene

solvent mixture
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In our opinion the explanation of the above finding is
as follows: since the association of ethanol molecules
decreases in ethanol-benzene, the number of "free" alcohol
molecules will be comparatively higher. In the formation of
compound 1, these molecules form a hydrogen-bond with the
OH group of  the aldehide, thereby greatly increasing the
rate of the reaction, to a higher degree than corresponds
to additivity. On the other hand, there is no chance of
this with compound 5. Accordingly, the rate-reducing ef-
fect of the interaction between the amine-nitrogen and the
alcohol molecules makes itself felt, and log k will be
lower than the additive value. In this respect, for com-
pounds 5 and 6 the B values in Eqg. (2) decrease linearly
with the activity coefficient of benzene; relationship (3)
does not express a good correlation with Yqr but with Yy
(b < 0and r = 0.9979 and 0.9981 for 5 and 6, respectively).

The reported results demonstrate that the aldehyde
substituent significantly influences the solvent effect in
the examined: process.
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BIKAHHUE TPUPOIH PACTBOPUTEJIER HA
OBPA30BAHUE OCHOBAHUR WIMOPA

Nl. Hapb u P. Xepudenvn

ABTOpamu ¥CCaef0BaHo o6pa3oBaHne 3aMelleHHHX N-(6eH3u-
JUAEH) aHulHoB. JInA coeguHeHun cogepxauyx OH rpynny B Opro
uam ﬁapa MOJIOXEHUY Ha ajbJerngHoM Koablue. Xopouas KoppeJd-
unA HanpeHa Mexzy lg k E?, Byq: 8 TakKe KODOOULMEHTOM aK-
TUBHOCTY GoJiee MOJAPHOIO KOMIIOHEHTa CMECH.
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ELECTRODIC PROCESSES OF DERIVATIVES OF 2,2,4,4 - TETRA-
METHYLPENTANE ON STATIONARY SOLID ELECTRODES. I. CYCLIC
VOLTAMMETRY OF 3~HYDRAZONES OF 2,2,4,4-TETRAMETHYLPENTANE -

a;

By . L*
H SCHOLL* AND P. KRZYCZMONIK

Institute of Chemistry, Lédz University,
Narutowicza 68, 90 136 Lddz, POLAND

(Recetved 1 July 1988)

3-Hydrazo-2.2.4.4~tetramethylpentane and 3-ttriphenylphosphoranilideno~
hydrazo-2.2.4.4-tetramethylpentane in acetonitrile and N.N-dimethyl-
formamide by means of cyclic voltammetry on stationary solid electrodes -
(glassy carbon. Pt and Au) were studied. The catalytic effects of the

_nature and state of the elctrode surface and the solvent were investi-

. gated. Mechanisms were suggested for the redox reactions that these
compounds undergo cathodic reduction and anodic oxidation. The poten-
tials of the respective processes the diffusion coefficients, the ob-
served standard rate constants and the electrode transfer coefficients
‘were determined. )

Introducticn

. This work deals with the electrodic oxidation and reduc-
tion of 3-hydrazones of 2.2.4.4-tetramethylpentane:
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CLCH 33 4 C (CH 3)
C=N-HNH, C=N=-HN=PPh,

CCCH 3 4 CCH 3 4

I: 3-hydra3052.2.4.4-tetramethylpentane.
II: 3-triphenylphosphoranilidenohydrazo-2.2.4.4~tetramethyl-

pentane.

The electrode reactions were carried out in acetonitrile
(AN) and N.N-Dimethylformamide (DMF), with Bu4NClO (10 =1
mol.dm ) as a supportlng electrolyte )

Compounds I and II were synthetized and examined some
time {1~4]. The products of their chemical oxidation are the
corresponding azines [5, 6].

‘The electrochemical reduction of the hydrazones was exam-
ined polarographically in acid and neutral agueous solutions
[7-9]. The oxidation of keto-arylhydrazones in water-AN solu-
tions gives the appropriate ketones, while the oxidation of
cyclic hydrazonee such as 3.5.5-trimethyl-2-pyrazoline gives
3.3—dimethylbutan~2—one:[101.

The elctrooxidation of hydrazones on the platinum
elecgroaes in non-aqueous AN was described by Barbey et al.
{11] and Chiba et al [12]. Barbey oxidized 3~hydrazo-dibenzo-
phenone voltammetrically, while Chiba oxidized its phenyl-
-substituted derivatives (x = -H; -Cdy; -0CHj3; ~C1)

amperometrically.
' In both cases, platinum electrode were used as working
electrodes, and the almost identical experimental conditions
(LiClO4 as a supporti?g electrolvte, concentration of
hydrazones in mmol-.dm range) permit acceptance of the sug-

gestion [11, 12] as a basis for discussion in this work.
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In both works the corresponding azines were obtained as
final products, whereas there were different proposals.con-
cerning the mechanisms of the reaction, depending on the
composition of the solution, the expermimental conditions
and the nature of the electrode. '

"Experimental

Cyclic voltammetry {(CVC) on compounds I and II was car-
ried out by using the Wenking ST-72 apparatﬁs and; the 1XY
Houston Instruments 2000 recorder with IR, compensation.

The CVC measurements were conducted in the range of the

sweep potential polarization rate from v = 0.010 V.s-1 to

v = 0.400 V.s"1 in the classical thermostatic (298 t 0.5) K
and hermetic vessel of 90 cm3 volume made by METROHM.

The following working electrodes were used:
- A polished glassy carbon electrode (GCE) SIGRI with geo-
metrical surface area A1’= (0.44 b 0.02) cm2, put 1in the
epoxide-glassy holder with the electric contact. Before each
measurement, the electrode was polished with the diamond
pastes of 30,6,3 and 1 ym and A1203 of O.QS um and it was
then rinsed with acetone, triple distilled water, and final-
ly ether-dried, The GCE was then prepared electrochemically
according to the literature [13-16].

- A polished platinuh electrode (Ptpol) with a geometrical

area A, = {0.44 : 0.02) cm2 prepared as the GCE,.

- A palycrystalline gold electrode (Auapp) witly a geometrical
area A; = (0.09 b 0.02) cmz. Golden wire with ¢ = 0.15 cm
was put in a teflon holder after baths in concentrared HNO3

and in triple distilled water and was prepared for the
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measurements by means of the sweep potential rate method,
i.e. by cyclic polarization method, in the range from the
hydrogen evolution potential to the oxygen evolution poten-
tial in an aqueous solution of HClO4 (5.10—1 mol.dm—3).
After production of the "model" polarization curve
(17, 18], the Auapp electrode was used for measurements.
This method permitted reproducibility of measurements with-
in £ 0.5 % [19). In relation to the surface of the polished
electrode, the stabi}ized electrode Au, p has a surface
development coefficient of 4.0 -~ 4.1 [20]. In this way, the
surface area Auapp is close to the surfaces. of A1 and AZ'
The auxiliary electrodes were made of platinum mesh
and were separated from the working part of the electrolyte
by diaphragm of porous glass. In all measurements, the
AgCl/Ag electrode in KClSat

used as a reference electrode in AN and DMF. All the poten-

agueous solution (METROHM) was

tial values given in this work are referred to the reference
electrode used. To allow a comparisoniof the measured
potentials with the results obtained in the other solvents,
additional measurements were carried out with reference to
the "ferrocene potential scale" [21, 22] it is commonly used.
The CVC loop (v = 0.100 V.s—1) was registered in the follow-

ing system:

pt | Fc' Fc; Bu,NC10, | AgCl,Ag

AN or DMF Kc1sat(H20)

The formal potential values:

°eQ = 1/2 (E ‘; E ) were equal
Eg = p.,a  “p,c !
DMF = (0.450 ¥ 0.005) V vs ref. electrode,
E
£ .
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AN _ = (0.500%0.005) V vs ref. electrode,
Eg
in accordance with the literature [23].

The examined‘compounds.readily undergo hydrolysis or
redox reactions in the presence of minute quantities of
water or oxygen. _

In the presence of water > 0.05 w %, the compound II
is reduced irreversibly to phosphazine. Accordingly, the
water was carefully removed from the supporting solufions
with molecular sieve 4A and freezing-out in liguid nitrogen,
and they were forced throuch to the measurément cell using
argon. The glass ampoule with the- examined compound was
crushed in the cell where the overpressure of dry argon was
kept. The outlet of argon was possible with the appropriate
syringe. : '

' Compounds I and II were examined at concentrations of
4.2.1072, 9.3.1073 and 2.54-1072 mol.gn"3, 1-1073 3
tetrabutylperchlorate (Bu4NClO4) was used as a supporting

mol dm

electrolyte. The measurements were conducted in the range of
the sweep potential polarization rate from v = 0.02 V-s—‘| to
v = 0.200 ves™'. N ‘

Analysis of the CVC cﬁrves was carried out according to
Nicholson and Shain [24, 25]. The function of irreversibility
Y = f(a Ep) for-calculating the observed rate constant (ks)
was calculated from polynomial:

b E, = a ¢ +byv ! +cv '/

1]

where: a 20.615; b = -1.40167; c = 3.4033 E-2;

d = -3.37491 E-4; e = 3.79258 E-7; £ = 1.74068
E-8; g = -9.4157 E-11; h = ~1.70248 E-13; '
i

= 1.84194 E-15; j = 5.54909 E-19.

1]
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The application of this equation gave results compatible with
the calculation using Heinz’s [26] suggestion for AE_ = 80 =
<+ 150 mV within the limits 6f the mean square error of the
average value.

Results and discussion ‘o

The CVC curves of compound I on the stationary solid
electrodes in AN are présented in Figs. 1-3. In the cathodic
process hydrazone I is reduced irreversibly at a potential
Ep;c =0.5 ~-1.1vV (debending on the type of the electrode)
e according to the scheme after [7-10]:

1 mA

-2 -1 [ Jl 2 v

s

4

Figure 1.: Cyclic voltammogram of compouné I in acetoni~
trile on glassy carbon electrode. Supporting

1 3 .
Bu,NC10,; )

; v=0.100 Vs

mol dm~
3

electrolyte: 1-10°

C. = 2.54-10"2 mold dm™

I

1
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: It has been pointed out that thisbreactioﬁ is inde-‘
pendent of the anbdic_reactions:that compound I undergoeé.
The electrodic pfocesseS'océur in thenréngerf the + 0.7 =
+ 1.8 V polarization potentials. @ )

For the electrooxidation .of -hydrazones, Chiba [12] pro-
poses with the separation of nitrogén and the,shgéested of

X —P c D o p
2 ‘/C=Nf’NH2 > . -‘,..,C'N.—-—A-N=.C v
X — Ph X — Pb - Ph — X

tmA

Figure 2.: Cyclic voltammogram of chpound I in acetonit-
' rile on polished platinum electfode}’oﬁher

parameters as in Fig. 1.
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transistory formation:

X — Pn
C=N
X — Pn

The amperostatically performed electrooxidation pro~
ceeds in the potential range +0.7 -~ +2.0 vsbe' The develop-

ment of a potential of +2.0 V by the working electrode

sce
was regarded [12].

As seen in Figs. 1-3. all the.electrooxidation proces-
ses proceed in a similar range of potentials ¥50 nV, but
their voltammetric characteristics are more precise.

Analysis of the CVC curves according to [24, 25]
reveals the possibility of the following processes occuring

in the range of the polarlzation potentlals~

1. adsorption - desorption of substrates and reaction
" products; .
2. the electrochemical reaction of electron transfer
precedes the chemical reaction of dimerization;
3. the overall reaction is irreversible and its

products are not reduced.

Similarly as in [12] the ap?earance of yellow crystals
was observed. After purification in cool AN, they were
identified (IR spectroscopy) as tetramethylpentane diazine.

Thus, the mechanism suggested by Barbey et al.[11] seems



Pigure 3.: Cyclic voltammogram of compound - I ih acétbi-
nitrile on the activated gold electrode. Other

parameters as in Fig. 1.

to be more probable:

- +

. X .
c-N—NHz——-.o))}c-N—-ﬁHz-——_—} CaN--N{ +H

Then:

e '
2 C=~N—N. ———> C=N—N—N-—N=C
X X I X

H H -

and finally:

73
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20"
C-N—N—N—-N-C)( C=N—N=C + Ny
|- X
H H

Moreover, in the potentials internal +1.,5 T 1.8 V in
Figs 1-3. the loop probably relating to the reaction of
electron transfer is visible:"

or

C N—-—-N-Cx'
X(

_In DMF the CVC curves on gold and platinum electrodes
permit separation of the CVC loop (Fig. 4), suggésting the

possibility of quasi- reversible reactions at potential

Eg = (-0.800 ¥ 0.02) V:

01 mA

10 o +08 V

Figure 4.: Cyclic voltammogram of compound I in DMF on
polished platinum electrode: c; = 9.3-10"3
moledm 3; v = 0.04 vs™! ‘
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X - X
C=N-—N{, ;jo————> C —N— M
)( 2 . X 2
- with the parameters calculated for the polished platinum
electrode:

Doy = (141 20.04)-1077 em?s™!
Dpeg = (1-0 2 0.03)-1077 en?s™
an, = (0.064 1 0.04)
kg = (1.24 *o.11)-107% cem &7
At potential EJ = (-0.315 % 0.05) V on Pt ; we have:
X cto, ~an® X .
2 C—N—M, > C—N—N=N—N-—C
+d0, +aH"*
with parameters:
Doy = (2.3 Y 0.08)-10"7 em?.s”!
Dpog = (1.1 £70.05) 1077 en?.s™"
an, = (0.66 % 0.04). '
k, = (2.60 % 0.31)-cm-s™ !

, At potentials > + 0.7 V the irreversible chemical reac-
tion of formation of diazine proceeds. The current value for
this reaction is constant in the range +0.7 3 +1.6 V. and is .
" independent of the sweep potential polarization rate. The
presence of diazine was proved as in works [11, 12].

The electrodic processes of phosphoranilidenochydrazone
II proceeded similarly to those of I. proving both the cata-
lytic influence of the nature and the surface of the elec-
trode and the influeﬁce of the solvent on the examined
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process.’

The influence of the solvent is visible both in the
dependence on Gutmann’s donor number ANDN = 14.1%;
DMFDN = 27.0. and on the ability to create strong solvates
(AN) or the nature of the interaction with compounds con-
taining an active hydrogen atom (DMF).

Figure 5 exemplifies the CVC curve of a hydrazone.
This CVC cruve on a platinum electrode suggests'a procesé
close to the quasi-reversible reaction with a potential

EZ = (-0.25 ¥ 0.01) V and the two-stage (E 4=+0.7 V and

’

Ep a = +1.25 V) irreversible electrochemical~-chemical
’

process.

1mA

Figure 5.: Cyclic voltammogram of compound II in AN on
: -1
the activated gold electrode; v = 0.100 Vs ;

c = 2.54-10_2 3

I mol-dm

The process with a formal potential E? = ~-0.25 V is a
quasireversible reaction connected with the adsorption -
-~ desorption of substrates and reaction products. This was
indicated by the additional small paaks visible below E

p,C

on the cathodic branch and in front of the Ep a peak on the
’
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anodic branch of the CVC loop. Thus,. Nicholson and Shain’s
model cannot be applied to calculate the parameters of this
electrodic reaction.

Change of the solvent to DMF clearly revealed the in-
fluence both of the electrode material'and of the nature of
the solvent on the electrodic processes of compound II
(Fig. 6). * '

Figure 6.: Cyclic voltammogram of compound II in DMF on
the glassy carbon electrode (a) on platinum

{b) ;. other parameters -as in Fig. 5.

Complex anodic processes were studied both. on the GCE
electrode curve (a) and on the platinum electrode (b).
. owing to the lack of the active group ( =N - NHZ)’ this

hydrazone does not undergo reduction in the whole range of

cathodic polarization. . :

On the plished platinum electrode, the separated CVC
~ loop yielding.the formal potential of the process. '
EY = (+0.610 ¥ 0.02) V. fulfils the criteria of quasi-
-reversibility. o ’

Thus, the following equation may be suggested for

electrodic reaction:
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o .
CeN—N=PPhy ———> C—N—N=PPh

X X 3

with parameters: N

+ - -
Dox = (1,57 - 0.33)-10 7 cmzs 1,
Dpea = (1:88 t 0.35)-1077 em?s7T,
«n_ = (0.74 ¥ 0.06)
k_ =(9.70 ¥ 0.36)-107% cm.s™!

The precesses in the range of the potentials +1.1 +
+ 1.8 V are independent of the sweep potential polarization
rate. '

Conclusions

1. The electrodic processes of 3-hydrazo-2.2.4.4-tetra-
methylpentane I and 3-triphenylophosphoranilidenohydrazo-
~2.2.4.4-tetramethylpentane II are dependent on the nature
and the catalytic activity.of the electrode and on the pro-
perties of the solvent.

2. The quasi-reversible electrodic processes of I and
II on the'plat{num and gold electrodes in DMF allowed cal- -
culation of the basic parameters of the reaction: the dif-

fusion coefficients D and D the electron transfer

Oox Red’
coefficient an and the observed standard rate constant ks'

3. The précesses of anodic oxidation proceed according
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to the suggested mechanism. As a result of anodic oxidation,

I gives the corresponding diazine. It was not possible to

separate the products of the anodic reaction of compound II.
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ONIEKTPOJHHE HPOHECCH-HPOMBBOHHHX 2,2,4,4-TETPAMETHJINIEHTAHA
HA HENOJBUHHHX TBEPIHX SIEKTPOLAX. 1. LIMKJIMYECKAR BOJBTAMET-
’ Pl 3-T'MIPA30HOB- 2,2, 4, 4-TETPAMETHJITIEHTAHA

X. fonn v T. KpuuMomm

Mayqeﬁm HeTOJNIOM uuxnnuecxom BOHBTOMeTpMM Ha HETO JBYK~
HBIX TBEPIBIX snepronax (Gc) (PTHOH) u (AUann) 3-runpaso-
2,2,4,4-TeTpaMeTUJNEHTAH u 3 TpMQeHmnéocmopaHangeHo -R,2,4,4-
“TeTpaMeTMﬂHeHTaH B aueTOHnTpmne 1 B NyN'-auMmeTuIgopMaMupae. Xa-
paRTepnaoBaHu KaTaauTHUecKoe fiencTBME MaTepualsa M COCTOAHMA
NIOBEPXHOCTH sneKTpona a-. raxe paCTBODMTCHH Ha TpoTeKawpuyne
npouecc. lpenjioxeHbl MEeXaHM3MH OKUCINTENBbHO-BOOCTAHOBUTEJNB=- -
" HHX peaxuul, TPOMCXOOALMX TIPH KATOJHOM BOCCTAHOBJEHNM U aHOM-
‘ HOM oxmcnewa’nayuaeMux ‘COCVHEHNI. Onpenenenm 3HauUeHMA no--
:fTeHumaﬂos ang COOTBeTCTBymex NpoLeCcCoB, - BEIUUMHD nm@yamon—
HHIX KO3(UUUEHTOB ¥ BHeHTpOHHHX nepegau Onpeneneﬁu TaKKe
CTaHnapTHue Koa®¢nuweHTu CKOpOCTeM peaxumn

@
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ELECTRODIC PROCESSES OF 2,2, 4,4 - TETRAMETHYLPENTANE
DERIVATIVES ON STATIONARY SOLID ELECTRODES. 1II..
VOLTAMMETRY OF 3,3'- DIBROMO - 2,2,4,4 - TETRAMETHYL -
PENTANE IN DMF

By
_H. SCHOLL AND P. KRZYCZMONIK

Institute of Chemistry, Lddz University
Narutowicza 68, 90136 Lddz, POLAND

(Received 1 July 1988)

e ’

The electrodic processes of geminal 3,3'-dibromo-2,2,4,4~ -tetramethyl pen-.
tane 'in DMF solution, with tetrabutylammonlum perchlorate as supporting
electrolyte, were examlned by ‘means of cyclic voltammetry and controlled
potential electrolys1s on glassy carbon, platinum and gold electrodes. The
reaction products were examlned by using HPLC, gas chromatography and lH
NMR methods.
As a result of the electroreductlon processes, monobromldp and s1mp1e

: allphat1c ‘compounds .were obtained in two-stage processes with
'E =-1.00 V and 2E = -2. 00 V'vs AgCl (KCl ,

pPsC p,c sat’
electrode. . : ’ ) :

~ The complex processes of electrooxxdatlon (F > +1.00 V) probably :
lead to the formation of the radical cation BTMP*: and TMP**-., which are
strongly. solvated in DMF or form ionpairs with the appropriate anions of
‘the’ supportlng electrolyte

H 0), Ag reference
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Intreduction

Geminal tetramethylpentane dibromide (DBTMP) was sub-
jected to cyclic voltammetry experiments and controlled
potential electrolysis. It is a white, crystal line compound

with T, = 448 K, 5 'H NMR (303 K, TMS, €DCl) = 1.49 nm and

13
6 C NMR = 110.1 nm. Its synthesis was described by Maier

and Kalinowski [1].

CH3C A

C C(CHy) . Br gr

CHy CAD CH,; (B

Scheme T

DBTMP 1s an aliphatic geminal dihalide, which are
characterized by strong steric stresses. The 6 13C NMR of
geminally substituted carbon atom in halogen derivatives

shows deviations (éexp - 6ca1c) that increase with increase
of the substituent size. Halogen derivatives of this type
are thought to be very good models to illustrate the in-
fluence of the y effect caused by chlorine atoms [1-4].

In the séries T » Br » Cl, the y effect on the atom of
the (B) gauche methyl group to two halogen atoms decreases
in the given series (13.4 » 3.7 » 1.7 ppm). The effect on
the carbon atoms of the (A) methyl groups in Scheme I chan-
ges in the same direction (6.0 » 3.7 » 3.5 ppm) [(1].

Geminal dihalides were earlier examined polarographical-
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ly {2-4]. In this work we study the electrodic érocesses of
DBTMP on stationary solid electrodes in N.N-dimethylformamide
(DMF) . We used cyclic voltammetry (C&C) and controlled poten-
tial electrolysis (CPE) , supplemented with high-pressure
liquid chromatographyv(HPLC), gas chromatography (GC) ahd 1H
NMR spectrometry.. o

Experimental

CVC and CPE were carried out with the typical apparatus:
- a PG-30/1 potentiostat with an LSG programming generator
(ASP UL. Poland) and an EMG 79 812 XY recorder (Hungary) for

the measurements conducted in Lodz University;

- a Wenking ST;72 poﬁentiostat-with a VSG-72 programming

generator and Houston Instruments-2000 XY recorder in Uni-

versity of Giessen. _ ' '
~In CVC the measurements were conducted in theJrange of

sweep potential‘polarizatidn raté from v = 0.010 Vsm1 to

v = 0.300 V&~ in the hermetic, thermostatic (298 ¥ 0.5) K

three-electrode vessel of 90 cm3 volume made by METROHM.

The following working electrodes was used:

- A polished4cafbon.electrode (GCE) SIGRI with gebmetrical
surfacé A1 = (0.38 * 0.02)'cm2, polished with diamond paste
of 30, 6, 3 and 1 um and then with A1203 of 0.05 pym and
prepared. for the measurements according to the literature
{5-8]; . ' ‘ »

- a bolished platinum electrodé‘(Ptéol) with geometrical
area A, = (0.38 t 0.02) cm2, prepared .in the same way as

" the GCE;
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- a gold electrode (Auapp) with geometrical area Ay = (0.09 b

2
0.02 cm”. prepared for the measurements by means of the

"electrochemical sweep" method in an aqueous solution of
HC10, (0.5 mol dm °). '

After production of the model polarization curve [9, 10]

the reproducibility of the measurements was within the limits

+
- 0.5 % [11]. The stabilized surface of the gold electrode

has the surface development coefficient 4.2 referred to the
surface of the polished gold electrode [12]. In this way, the
real surface of the:Aua is close to the surface areas A

pp 1
and Az.

In the CPE method, a gold electrode (A, = 26 cm?)
,geom

and a platinum electrode (A = 46 cm”) were used, which

.75, geom

were prepared for the measurements-in the same way as Auapp'
sat’ HZO)’ Ag, METROHM was

used as a reference electrode and the potential values given

In the measurements.AgCl(KCl

in this work refer to this electrode.
In order to permit comparison of ‘the obtained potential

values with the results obtained in other wolvents, the CVC

curve in the following system was registered:

P ke,

pr | rc', Fe; Bu,NC10, 0.1 mol dm" JH,0) ,

at
AgClL | Ag in DMF
This led to DMFE?
[13]. ‘
Thus, the reference here is to the "ferrocene potential

scaled [14, 15]. Altough this is not regarded as perfect

{16, 17], it is commonly used in the electrochemistry of non-

= 0.450 V, in accordance with literature

aqueous solvents.
DBTMP readily undergoes hydrolysis. Accordingly, DMF

was used after distillation according to the commonly used
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methods [18]; Bu4N+C104_ dried in vacuum, served as supporting
~electrolyte. The solutions of the examined substance were kept
for 48 hours over molecular sieve 4 A. Then solutions were

then forced through to the measurement cell by using dry argon.
The concentrations of DBTMP for CVC were: 8.7-10_4, 1.1-10-3,
3.3°1073, 5.0-1073 ana 7.4-1073 :

1.25-10" mol.dm_3 solution was used.

mol-dm_3, while for CPE

Analysis of the CVC curves was carried out'accordinglto
Nicholson and Shain r19-21] and the electric charge used was
determined by means of the CPE method from the dependeﬁce
I=f£(1),

The produqts of the reaction was examined by HPLC with a
Zeiss~PM-2 DL spectrometér and a Knauer réfractometer with
Spéctra Physicé instrumentation. After n-pentane extfaction,
fhe reaction products were further identified by GC with a
Varian-aerograph-1400 with a Speétra Physics~autolag system I

integrator. For 1H KMR spectrometry, a Varian T-60 was used.
Results and discussion

The polarization potential ranges for the suppofting-
electrolyte were: GCE: - 2.65 to +1.45 V; Ptpol: -2.0 to
+1.40 V; Au_ ot -2.10 to +1.45_V; these data are in accord-
ance with commonly known literature data. The capacity cur-
rent in the supporting electrolyte was subtracted from the

recorded currents of the electrodic processes.

3 3

A typical CVC curve for c = 3.3-10"° mol-dm ~ is

DBTMP
given in Figure 1. It should be noted that, under conditions
of our experiment, the adsorption of depolarizer molecules
is possible. In the DBTMP molecule, the two bromine atoms are

usually oriented towards the electrode surface, particularly
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.

when it is positively charged; the influence of the gauche

methyl group on the adsorption of the symmetrical bromine
atoms is not known.

Figure 1.: Cyclic voltammograms DBTMP of c = 3.3'10—3
mol'dm‘a; reference electrode AgCl (KCl
Ag: supporting electrolyte Bu4N+C104-
(0.1 mol dm™>) v = 0.1 Vs™'; in DMF. GCE: ...

Pt t - - -~ Au. -
pol app

sat HZOL

with selected ranges of the polarization potentials,
the electroreduction and electrooxidation processes were

found to be independent of one another and the of the nature
of the electrode.
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(1) Elecwroreduction processes

The most-dbsirable product of the electroreduction of
. DBTMP would be tetra-tert-butylethylene, sought in both :
chemical [22] and electrochemical [2] processes. The mecha-=

nism of such a reaction could be as in equations (1) and
(1a):

_ > C o= C
T S

) S 1rx P ¢ § §

2

(1)

r

X LT e Ko Fx XN X
XC\B X

or:

X X

‘Our experiment revealed another mechanism of the
electroreduction process. On the GCE electrode (Fig. 1), a

single-stage process of reduction .at the potential

%E, o= =195 €0 -2.00 V is visible. On the Pt
a small peak with Ep,c = -0.95 to -1.00 V appears. At the
?ame poygntial values on the Auapp electrode peak currents
_Ip'cz Ip,c'
DBTMP electroreduction.

i electrode,

clearly indicating the two-stage process of
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Electrolysis at a potential 1Ep c = -0.95 V leads to
the formation of 2,2,4,4-tetramethylpentane monobromine ac-—

cording to Equation (2):

r Br .

\C/B - X / +
X - X

Br - Hr ads

X /Br
> C
X N, (2)

-
-
<
<

This result, which differs from expectations, may be

explained as follows:

1. The sterically differentiated methyl groups (A and B)
cause the adsorption of Br oriented towards the electrode.
It may be assumed that the gaucke methyl group B has a

decisive influence on this process.

2. According to the known electrode properties, activated
Pt and Au electrodes catalyse the process of electroreduc-
" tion of Br with the formation of anion radical IV (Equa-

tion 2).

3. Anion radical IV generated on the electrode is a strong
base, which acquires a proton after shift of the autodis-
sociation equilibrium of DMF [23]:

) ; - +
2 HCON ( CHy), ===l CON ( CHgJ)” + [ Ha CON CCHy), ) (3)
[ HyCON € CHy 351" 2 HOCON ( CHp,  + H.
: (4)

to reaction with IV

1, peaks

After the flow of equivalent charge = 1 F-mol_
a and b (Fig.'z) are of similar heights.
Additional confirmation of the suggested mechanism of

the reaction may be negative result of the analogbus attempt



in acetonitrile.

Br v - ., H
>Qc/ _0_;> Xc‘- ._H_) Xc/
X Ny T XNy XNy

" ads
v %1 vix
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(5)

In the next stage of electroreduction, at the potential

2E
P.C
thylpentane.

‘= -2,00 V monobromide v is reduced to 2.2.4.4-tetr

ame-

4

Figure 2.: Spectral analysis of products of electroreduction

reactions: a -3,3'~dibromo-2,2,4,4-tetramethyl-

pentane; b - 3-bromo-2,2,4,4~tetramethylpentane;

c - DMF and supporting electrolyte. -
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Peak a (Fig. 2) vanishes in favour peak b after the flow
of the equivalent charge 2 F-m01-1. Thus the mechanism of the
second stage of the electroreduction may be suggested to be
as in egquation (5).

(ii) Electrocxidation processes

In the anodic branch of the polarization curve, the
electrooxidation of DBTMP also exhibits two stages (Fig.1).
The processes are characterized by the following peak cur-
rents: a clearly flattened péak with potential
1E = +0.90 to +1.10 Vv, and a sharp peak‘with potential

p.a

2 =
E, = *1.35 V.

r

Similarly as in the above-described examinations of the

electroreduction processes, CPE was conducted at 1Ep a and
r
2E T
p.a . -1
The charges used were 1.22 and 0.82 F mol

. .The HPLC,
GC and 1H NMR analysis demonstrated the loss of peaks a

- (Fig. 2) without the appearance of new spectra characteristic
of other linkiﬁg. Thus, it'may be assumed that strongly
ionized products are formed in the solution, whose spectra
are similar to those of the solvent and supporting elec-
trolyte (peaks ¢ in Fig.2).

Extraction attempts with a typical non-polar solﬁent
{n-pentane) did not reveal the reaction products in the
liquid phase. It is obvious that, after the addition of water
to precipitate Bu4N+C104_, the hydrolysis always led to
2.2.4.4-tetramethylpentanol. .

Examinations of the compounds of the type tetra-tert-
butyl-tetrahedrane [24, 25] have shown electron transfer is
hindered by steric barriers, and ion radicals may be formed
under the conditions of anodic oxidation. This was concluded

because cation radicals observed with ESR methods were
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identical with the cation radicals generated by means of
classical chemical oxidation, Those reactions are catalysed
‘under the appropriate Lewis’ acid-base conditions, and the
products are captured in the special "traps". In this case,
the parallel observations by means of spectrai methods (e.q.
in situ CVC-ESR) or freezing of the reaction products were .
used. These methods were also used in the work of Fox et al.
[24]. The information that CVC was performed at 203 K in
their work does not seems to be very reliable, because of
the melting point of acetonitrile (232 K).

The CVC curves recorded at 253 K are more reliable [25].
In this way, many cation radicals of type R'+ were isolated
from the group of tetra-tert-butyl compounds. Their struc-
tures were determined by using MNDO-UMF or MNDO-RHF methods
[25, 26].

" Thus, the process cafried out by means of CVC metﬁods
even at the sweep potential polarization rate to 10 Vs-'1 in
the oscilloscopic observation of curves and CPE at 298 K is
an extremely fast reaction. The transformation to other forms
of the generated compounds. is also possible. Such reasoning
is to be found in the earlier work of Miller [26] where, for
a similar group of dompounds on a platinum electrode at
0.6 Vv, a sigﬂal impossible to interpretation was obtained.

Thus, since the'products of DBTMP electrooxidation give
spectra in the same range as the "background”, the mechanism
of the anodic oxidation of DBTMP may be suggested only as
probable. To a first approximation, the mechanism of the 
electrochemical processes taking place at a potential
1 .

E = +0.90 V is:
p.a
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o+ b

B
\ / ' e x . Y K .
C\ —> C ———— )(C -—Y
)( .Br - / \Br - \Br
ads (6)
T vITI X
where Y = DMF or C104_
and then at a potential 2Ep a = +1.35 V:
’
. .o 2o oo 2+
X -a >\ +2Y e v
ce — (V3 > X-oe e {(7)
\ -Br
X' Nan X
ads ads
Vil x X1

‘e broad peak at 1E:p a and the literature data [13] in-

dicate the possibility of éhe existence of the parallel
process in the potential range 1Ep,a go 2Ep,a = +0.90 to
+1.35 V. This process involves the oxidation of Br ion and
the consequent appearance of a new chemical oxidizer [13]:
. . . ) B -
3gr = —————> Bry; ———————> 38Br (8)

EC = 0.09 V E° = 1.00V
y

The eiistence of such a process was proved by analysis of
Nicholson and Shain [19, 20]. On this basis, the mechanism of
the anodic oxidation of DBTMP suggested in Equations (6) and

(7) is ‘as follows:

-




95

The cation radicals of type XI formed are solvated in
the reaction environment or they form ionpairs with the
anions of the supporting electrolyte. ‘ )

" Conclusions

The preparative procésses of controlled potential elec-
trolysis do not promise great success in this group of
sterically stressed geminal compounds. On the other hénd, the
use of generated radicals of types VII and XI as mediators of
the chemical oxidation of the other organic compounds in

homogeneous emulsions seems to be very interesting.
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OJEKTPOIHNE MPOLIECCH MMPOU3BOAHHX 2,2,4,4-TETPAMETMHHEHTAHA.
HA HENOIBMHHHX TBEPJHX BJIEKTPOLAX. I1I. BOJBTOMETPHA 3,3-
JMBPOMO-2,2,4,4-TETPAMETUITNIEHTAHA B IUMETHI®OPMAMUJIE .

X. llonn, n 1. KpUuMOHUK

U3yueHH 3AEKTPOAHHE MPOLecCH reMUHANbHO 3aMENleHHHX
3,3’-mm6pomo-2,2,4,4-TerpameTunnenraia B IM® ¢ 6.1 mox
M ° KOHleHTpauueds Bu4N+C10; B KauyeCTBe 3JIEKTPOJUTa-HOCU-
© TeNfA, NMyTeM LUMKJIMUYECKOH BOJAbTOMETpHMM (CVC) i BIEKTpOAM3a
C peryavMpoBaHHHM NOTEHLUMAaNoM (CPE) Ha BJEKTPOLAX U3 CTEeK-
JAHHOTO yraA (GC), NMJIATHHH U 30J0Ta. [IPOLYKTH peakuuu
KOHTponuposanmcb METOLAaMy RMOKOCTHOA XpomaTorpaduu BhHCO-.
KOro paBjeHud (HPLC), Iraso-XUAKOCTHOM xpomaTorpamnw (GC)
¥ SOEpHOTO MapaMarHUTHOTO Pe30HaHCa (1H-NMR).

, B pesyabraTe OBYXCTafMAHHX MPOLECCOB 3JEKTPOJHOTO

. BOCCTAHOBJEHUA lEp'c=-1 00 B # 2Ep c="2.00 B AgCl(KCL at*Ha O)Ag,
06pa30BaJNCh CQOTBCTBEHHO MOHoépomnn U anu@aTmuecuue coenn—

HUAA .

COXHHE NMPOUECCH 3JIEKTPOOKCUAAUNN (E>+1 00B)., BEPOATHO
BEIYT K 06pa30BaHyi KaTHOH-pafMKaioB BTMP' 1 TMP2+ CUABMO
COJBBATUPOBAHHHX B IM®, MJM 06pa3yoliX WOHHHE MNape C COOT-
BETCTBYWUMA QHHOHAMH 3JIEKTPOAATA-HOCUTEJA.
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STABILITY OF TlO DISPERSIONS AT DIFFERENT pH. VALUES

AND IN PRESENCE: OF AlCl, ELECTROLYTE
By.
A.A. ADB EL HAKIM*, E. TOMBACZ** AND F. SZANTO**

Lab. Polymers and Plgments, Nat1ona1 Research Center,'

- Dokki-Cairo, Egypt’ .
ok
Department of C01101d Chemlscry Jézsef Attlla University

Szeged Hungary

(Recemved 15 June 1988)

The stabilities of three different rutile (Bayer) samples, denoted
RKB~2, Ru-2 and RSM-2, were investigated in aqueous medium. It was found
that the RKB-2 sample was unstable between pH 5 and 9.5, Ru-2 was un-
stable at pH < 5, and RSM-2 was stable between pH 5 and 9. The effect of
AlCl, electrolyte on the stabilities of these pigments was also studied.
It was found that the RKB-2 sample lost its stability at electrolyte
concentrations higher than 10 mmol dm_3, Ru-2 was unstable at any
electrolyte concentratlon, and RSM-2 was stable at all electrolyte con-
centrations’ used.
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Introductiocon

The behaviour of aqueouﬁ colloidal dispersions of metal
oxides such as titanium dioxide is important in connection
with industrial coatings and is an interesting field of col-
loid science. The existence of hydroxyl groups on the sur-
face of titanium dioxide has been substantiated. In princi-
ple, these arise from the interaction of water vapour with’
the surface planes. The comprehensive experiments of Boehm
[1] demonstrated the amphoteric nature of the titanium
dioxide surface. There are two types of OH groups: one type
is bound tolone Ti4+ site (terminal), and the other type to
two such sites (bridged OH). These would be expected to ex-
‘'hibit different chemical behaviour. Boehm suggested that the
bridged groups should be strongly polarized by'the cations
and therefore they are acidic in character, while the )
terminal OH could be predominantly basic and exchangeable
with other anions. Levine and Smith {2] found that in
aqueous medium the isoelectric point (iep) is equal to the
'point of zero charge (pzc) when there is no specific adsorp-
tion in the inner region of the electric double layer. When

adsorption occurs at the titanium dioxide/solution interface,
» the pzc and iep move in opposite directions as the con-
centration of the-supporting electrolyte is increased. There
is also a difference betweén the hydrous and dehydrated
oxides as concerns the pzc values determined by Johanson and
Buchanan [3]. '

In practice, there are two types of titanium dioxide,
anatase and -rutile. The main difference between them, as
indicated by the energy of conversion of anatase into rutile.

is that rutile has less ionic character [4]. When anatase is
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heated to 800 OC, its surface charge chanqés inAsign from
positive to. negative, which is ascribed to the change from
~anatase to rutile [5,6]. All OH groups on rutile have been
shown to be reasonably strongly acidic, in contrast to the
anatase surface [1].

The DLVO theory can be applied to a description of -the
stability of titanium dioxide dispersions in aqueous>medium
{1-6). The coagulation behaQiour of this oxide may be ex-~

~amined in terms of the eleétrdkinetic or.E~potential, or by
observation of coagulation series. ‘ '

Furlong and Parfitt [7].studied the effects of surface

" crystallinity, dehydration and specific adsorption of anions
and ‘cations on the_eleCtrokineticfbehéviqur of titanium
dioxide. They found that not oniy'these factors affected the
electrokinetic behaviour, but also the pretreatment of the
oxide (e.g. heating, washingf>before the dispersing processﬁ

In the work of Wiese and Healy [8-11], it was found
that the finite solubility of some oxidés causes modifica-
tion of the diésimilar surfaces. This ‘then leads to a great
difference in the rheology and stability of the suspensions.

The main purpose of our study was to investigate the
stability of some rutile samplés, depending on pH and AlCl3
electrolyte concentration..

Materials and Methods

Rutile'éitanium dioxide pigments denoted Ru-2, RKsz
and RSM-Z weré prepared by Bayer in commercial grade. The
‘BETVspecific areas of the samples,,determined by N2 adsorp-
tion, were 7.8, 10.4 and 5.9 m2/g, respectively. The chemi-
cal analysis data on the RKB-Z sample are givén in Table I.
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Table I

Chemical analysis cf RKB-2 Ti02

: SiO2 A1203 TiO2 ZnO0 Ignition loss
Oxide
% % % % %

Particle composition 2.8 2.2 93.5 0.04 1.6
Surface composition 16.6 47.1 36.4 -

All chemicals used were of AR grade. Aluminium chloride
was a product of Reachin (USSR). Potassium hydroxide and
calcium chloride were from Reanal (Hungary). Lanthanum
chloride was a Merck product.

The sedimentation measurements on titanium dioxide
dispersions in aqueous medium (5 g/dm}) were carried out in
a series of test tubes. The pH of dispersions was adjusted
from 2 to 11, using dilute KOH or HNOB. Dispersions with
different electrolyte concentrations up to 50 mmol

AlC13/dm3 were made by dilution.’
Results N

Effect of pH

The stabilities of different types of titanium dioxide
were studied at different pH values. The features of the

sedimentation and the shaking number required to redisperse
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the settled disper51on were determlned. The results observed
are given in Table II. 7

Table IT

Effect of'pH on stabﬁlity of differenr‘Ti02 disuersicns

.RKB-2 . . RU-2 S RSM2

pi!
© feature of number of »feature of ‘number of feature of nunber of
settling shakinqs settling ' shakings settling -shakings

"3 diffuse | - 70 . "'shaﬁa»" 2 sharp | | )
4 | - ] 28 | boundary 20 boundaryJ o2
s [ 3 12 ] 02 S 26
:6 sharp .10 r i Y 80 .l - . 37

7 | boundary -5 o | 180 ¢ |aiffuse ] - 41
8 o | aigruse | o 20 Lo 30
9 L oo | s Lo ) 26
10 (diffuse' 12 © 50 ( sharp T
n ] we | ) 66 " [vowdary] . 18

It may be seen that the disper91ons of RKB -2 T102 are stable

- in hlghly ac1d1c and basic ‘media, but they lose their
stability between pH 5.0 and 9.5. ‘Wiese and Healy [8] found
that dispersions of TiO2 are unstable only at pH values

: between 5.5 and 7.0 The difference between our results and =~
those obtained by others [8] may be due to the fact that the
surface of the Tio2 particles 1s modified, and for this’

N reason it is heterogeneous. It is seen from Table I that the

. surface of Tio2 particles is formed mainly fron A1203 ‘and |
Tio2 but the presence of SiO2 on the surface is not negligible.
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The stability region is wide, which may be attributed to the
existence of AlOH, SiOH and TiOH amphoteric sites on the
surface of this sample. .
The pzc values for the different oxides [15] are as follows:

pzc

Y“A1203 9.1

: a-A1203 8.5
Tio, 6.0

5102' 3.0

~The charge of the amphotéric surface is positive at a pH .
lower than the pzc, and negative at a pH higher than the pzc.
From examiﬁétions of. the charge of each site which can )
exist on the surface of thié TiO2 sample in different pH'
randes, it is found that the situation is as follows:

pH range ‘ . sign of charge
AlOH - TiOH " SiOH
< 3 + . + S +
3...6 -
6...9 - -
> 9. - -~ -

It can be seen that both positive- and negative charges-
exist on the surface of the particles between pH 5 and 9.
Heterocoaguiation between surface parts of opposite charge
takes place in this pH range. The suspensions become un-
stable and Qettle with'a‘sharp'boundary{ The results on the
Stability'reéion were confirmed by the shaking number. :
required to redisperse the sediment. Table'II shows thatA
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this number is high at pH < 5 and higher at pH > 9, indicat~
ing the formation of caked sediments which can only form
from stabilized particles. The stability behaviour is cor-
related with the number of shakings: the larger this number,
the more stable the dispersion. ’ ’

The Ru-2 Tio2 suspensions. were'stable at pH 2 6, as can
be seen in Table II, but they were unstable in acidic medium.
The same results were obtained from the number of shakings
for redispersion, which was small in acidic medium and large
at pH 2 6. ‘ \ | . _

The third TiO2 sample (RSM-2) was found to be unstable
in.highly acidic and basic media, but it is stable for a
short time-at pH 5-9. This agrées'with the shaking number
results. The shaking number was found to be Qery small at
pH < 5, somewhat higher at pH > 9, and laige.in>the pH rahge
5-9. : o ' A
These last two types of TiOzndiffér in behayiour frbm-'
the first. An explanation oflthéir behaviour is not possible,

because the surface modification is unknown.

Effect éf,aluminium chloride
The stabilities of TiO; dispgrsioné were studied in the
presence of. electrolyte. The results are shown in Table IIT.
The RKB72>T102 dispersion was unstable in aqueous
medium, and the presence of a small amount of electrolyte
" (up to 1 mmol dm 3) had no effect. The pH of the dispersion
was in the instability region given in Tablé II. The larger
the electrolyte amount added, the more stable the dispersion‘
in the concentration region 2.5-5 mmol am~3, where the pH
was in the stable region given in Table II. The dispersion
was iqcreasing;y unstable with increase of the electrolyte



AlCl

mmol dm

Teble ITI
Effect of electrolyte on stability of IiOZ dispersions
RKB-2. Ru-2 RSM-2

stability no.of pH

stability no.of

pH stability no.of pH

shakings shakings shakings
. 3 - -
- unstable 5 7.0 3 6.6 19 6.9
1 [ )19 5.1 32 3.3 20 5.0
2 [ stable ] 72 4.0 32 400 4.8
5 a4 . 3.9 32 220 4.2
10 -} 90 3.7 |unstable| 30 stable 98 4.1
15 snstaple | 8% 3 30 24 4.0
20 92 3.1 20 20 3.9
50 Jroo 2.9 20 2. 20 3.8
~ .

901
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concentration. This may be due to the coagulating effect of
larger amounts of electrolyte.

The behaviour of the second sampie (Ru-2) differed
from that of the first onme. It was unstable at all electro-
lyte concentrations. The pH of all dispersions was in the
unstable pH region in Table II. This is also evident from
the small number of shakings. »

The last type of TiO2 dispersion, which was made from
the RSM-2 sample, was stable in the presence of all amounts
of electrolyte added. The pH-s of the dispersion, 6.9-3.8,
were roughly in the stability region in Table II. This may
be due to the complex—forming effect of 1\13'+ ions. The ab-
normal behaviour of aluminium salts has likewise been

reported by others [12-14].
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CTABWIBHOCTb LUCHEPCHA Tio, [IPH PA3HHX pn CPEIH U B IMPUCYTCT-:

BUW SJIEKTPOJIMTA AlC1,

A. A. A6n On Xath, 3 ToMmbay u ®. CanToO

l3yueHa CTAGUIBHOCTH [OACHEPCHM TPEX PA3NUUHBIX 06pa3LOoB

pytuaa (GupMbl Bayer, RKB-2, Ru-2 M RSM-2) B BOIHOI Cpepe.

Brjo

HaNngeHo, UTO AUcCrepcuy o6pa3uloB RKB-2 HeyCTOAUMBA B MH-

TepBaje pH cpelis oT 5 o 9.5, rRu-2 HeycTofuMBa Npy pHS, a
RSM-2 cTa6uibHa Mmexay pHS u 9. HaipeHo, uTo gucrepcus o6pas-
Ua RKB-2 TEPAET CBOIrO CTAGMJBHOCTD MPK KOHUEHTPALMAX ACl,
fIpEBLILAILKX 10 MMOﬂb/CM3,nwcnepcnﬁ o6pa3ya Ru-2 HecTabuiabHa
fpy M0GOA KOHLEHTpauuWy BJAEKTPOJMTA, 8 IMCMNEPCUA o6pasua

" RSM-2 CTabuJjibHa npy JOGHIX KOHUEHTPALMAX AlCl,.
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EFFECT OF ELECTROLYTE CONCENTRATION ON STABILITY
OF POLYMER LATEX '

By -
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Lab. Polymers and ngments, National Research Center

Dokki-Cairo, Egypt
ok
Department of Colloid Chemlstry, szsef Attila Unlver51ty,

Szeged Hungary

(Recemved 15 June 1988)

The surface charge of thex BL 112 polymer latex (Huls AG) was char-
acterized by means of potentiometric and conductometrlc titrations. It
was found that theré are two types of acidic groups: a small amount.of

" strongly acidic groups and a larger amount of weakly acidic ones, with

a surface charge density of ‘3.6 uC/cmz. The acidic dissociation constant
was found to be 4.2. The ccc-s of CaClz, AlCly and LaClj were determined,
and were found to be 34, 15.8 and 2 mmol dm ~, respectively.

Introduction

The behavioﬁr of dispeféions of pigments and/or polymer
latexes in. an aqueous medium is important for paint technology
and research. The interactions between polymer latex particles
can be attributed to electricvdouble41ayer repulsion and van
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der Waals attraction, both bhased on electric interactions
{1]; these two types of interaction can be described on the
basis of the DLVO theory. The van der Waals attractive
forces decrecase quickly with the distance between two par-
ticles. As the particles approach each other, the repulsive
coulombic forces increase. The higher the charge density on
the particles, the stronger the resulting repulsion between
them, and therefore the existence of charges on the surface
plays a determining role in the stability of a polymer
latex. This theory is accepted by most scientists, but it
was originally developed for the interactions between.in-
finite flat plates or two spheres of egual sizes.

Hogg, Healy and Fuerstenau [2] extended the DLVO theory
to the interactions of dissimilar spherical particles, i.e.
for the case of heterucoagulation. The major parameters of
the theory are the double layer potential of each type of
particle, the ionic strength of the medium, the .particle
size, and the relative concentrations. )
In the work of Ottewill et al [3-5), we find the characteriza-
tion of a numbér of monodisperse systems, the polystyrene
latex particles produced by the emulsion polymerization of
styrene using hydrogen peroxide as an initiator and a soap
as an emulsifying agent. These systems appear to conform most
clearly to an ideal model system. There have been many other
investigations with respect to the characterization of )
polymer latexes [6-8]. Stone and Watillon [9] found that the
type of emulsifier used in the emulsion polymerization in-
fluences the stability of the dispersion, and the sensitivity
to electrolytes, i.e. the critical coagulation concentration
(ccc). It also influences the viscosity, the surface conduc-
tivity and the electrophoretic mobility of the latex. Ottewill
et al. [10, 11] observed that there is no relation between

the stability ratio curves and the particle size, but the ccc



depends on the type and the density of the surface charge

and the presence of stebiiizing materials. Matijevic et al.

[ 12-14] investigated the effects of aluminium nitrate on the
stability of different types of polymer latexes. 1£ was -
~found that the stability depends on the pH of the medium.
Under certain pH conditions, the electrolyte reacts w1th
water to form hydrolysed species, which are strongly adsorbed
onto the. negatlvely charged partlcles.

Materials and Methods

The polymer latex-dispersion'was Litex BL 112, a
product of Hiils AG, with a solid content of 50 %.

The latex dispersion- was puriﬁuﬂ from the emulsifier
aud electrolyte by passing it through both cationic and
anionic exchange resins. The cationic column was purified
just before use by floWing 2- mol dm -3 hydrochloric acid
through it, while 1 mol am™3
through the anionic one; the columns were then washed with

~sodium hydroxide was passed

distilled water till no acid ‘or bese reaction was observed.
‘After this pretreatment of the columns, atls polymer latex
disper51on was passed through each column’ at a_rate of
150 cm3/m1nute. ' ' I
The pH and conductlvity titrations of the purifled 18

polymer latex dlspersions were carried out w1th a Radelkis
(Hungary) OP-204/1 pH-meter and an OK- 102/1 conductometer,
with 0.0525 mol dm -3 potassium hydroxide. The contents of
the titration vessel were stirred with a magneticlsrirrer.

. Coagulation rates were determined by measuring the
rate of change of the turbidity of the polymer latex with a



Spekol 10 (GDR) spectropnotometer at 456 nm. The output was
recorded on a Radelkis (Hungary) OH-814/1 recorder.

The average particle diameter was measured with a MOM,
3180 Ultracentrifuge (Hungary) the sedimentation coefficient
being determined by a method given in [15].

All chemicals used were of AR grade. Aluminium chloride
was a product of Reachim, USSR. Potassium hydroxide and cal-
cium chloride were from Reanal, Hungary. Lanthanum chloride

was a Merck product.
Results and Discussion

1. Surface characterization

1.1. Conductometric and potehtiometric titrations

The conductometric and potentiometric titrations of the
purified polymer latex were performed to determine its sur-
face charge density and intrinsic dissociation constant.

The results of the {itrations are shown in Fig. 1. It
can be seen from the conductivity curve that there are two
. break-points. This means that the particles of polymer latex
bear two types of acidic groups. This is more evident from
the conductivity measurements than from the potentiometric
ones, where the end-point of the titration can not be
determined with high accuracy. )

The values of the equivalency points can be determined
by extrapolation of the linear parts of the conductometric
curve. The first point was found at 8.6 mmol/g solid, which
is equivalent to the strong acidic groups on the surface of
the polymer latex particles. The second one, at 124 mmol/g
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Figure 1: Condidctometric and potentiometric titration
of a polymer latex with KOH
(x) potentiometric curve
(o) conductometric curve

solid, corresponds to the total amount of all acidic groups
on the surface of the polymer spheres.
‘ The average size of the polymer spheres was calculated
from the sedimentation coefficient of the particles of the
latex. The average diameter was found to be 85 nm.

From the amount of acidic groups, the density of
1.054 g/cm3 for the polymer particles, the averace particle
diameter of 85 nm, and the supposition that the particles
are Spherical in form, the surface charge density was calcu-
lated to be 0.15 uC/cm2 for the strong acidic sites and
3.6 uC/cm2 for the total amount of acidic surface sites.



1.2. Intrinsic dissociation constant

The dissociation of acidic surface groups in a polymer
latex may be characterized by determination of the intrinsic

acidity constant, pK as follows.

’
The degree of dizgociation, a, is the ratio between the
amount of partially dissociated charges on the surface of
polymer particles and their total amount. It can be calcu-
lated from the conductivity curve data. The apparent acidity
constant is calculated from the titration data via the fol-

lowing equation [16]:

o
PK,y = PHgolution ~ log 1-a

pHsolution - log(a/{1-a)) is plotted as a function of a, and

extrapolation of the straight part of the curve to a = 0

(Fig. 2) gives the intrinsic acidity constant, pK, This

int”

. was determined to be 4.1. This value rédlates to the dissocia-

tion of weakly acidic groups on the surface. In this case,
the determination of the intrinsic dissociation constant of
the strongly acidic groups is not possible by this method,
because their amount (8.6 mmol gf1) is much smaller than that
(115.4 mmol g_1) of weakly acidic groups. Therefore some of
_the titration data relating to the first dissociation step
can not be evaluated.
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Figure 2: Relation between pH-log(a/(1-a)) . and o

2. Stability of polymer latex dispergion

Measurements of the coagulation kinetics of the polymer
latex dispersion were carried out to obtain information
about its stability.

The number of particles Nt present 1n the dispersion
at time t after ‘the addition of electrolyte is given by the
Smoluchowski equation. [17]:

Nt = No/(.1 + kNot)
where N, is the number of particles in the initial disper-

sion, and k is the rate constant of coagulation, which can
be put equal to ko/w, where W is the stability ratio and k°
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is the rate constant of rapid coagulation. The values of ko'
and k can be determined experimentally in the rapid and the
slow region of coagulation, respectively.

Measurements of the coagulation kinetics were carried
out within 1 minute after electrolyte addition, by determi-
nation of the turbidity of the diluted dispersion. The slope
of the turbidity vs time function could be taken as propor-
tional to the initial rate of coagulation.

The change in turbidity is

= v . constant

010
[udi

where v is the rate of coagulation and the constant depends
on the optical parameters of the measurements. If the initial

concentrations are the same,

W - Vfast
expt vslow
Thus,
. _ vfast-constant _ dr/dtfast
expt Volow® CONstant dr/dtslow

The variation in turbidity of the dispersion for dif-
" ferent amounts of aluminium chloride is presented as an
example in Fig. 3. It can be seen that the slope of the
curves increases up to a certain value with increasing
amount of electrolyte.

The stability of the polymer latex is characterized by
plotting log Waqm against log molar concentration of the
electrolyte. The ccc can be calculated by extrapolating the
= 0. The intercept on the

log W values to log W

expt
log ¢ axis gives the ccc.

expt
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Figuie_J: Effect'of‘AlCl3 amounts on tdrbidity of polymer

latex as a function of time

2.1. Effect of electfalyte concentration

The effects of the electrolyte concentration on the
stability of the polymer latex dispersion were studied by
using calcium chloride as a divalent electrolyte and alumi-
num chloride and lanthanum chloride as trivalent electro-

lytes. The variation of log W

expt with log ¢ is shown in
Fig. 4.

From the Figure, the values of ccc are 34, 15.8 and
2 mmol dm > for CaCl,, AlCl3 and LaCly, respectively. The
ccc of LaCl3 is in good agreement with that obtained by
others [12, 18], but it differs from that of AlCl,. This may
be due to the interaction of AlCl3 with water. Matijevic et
al. [12-14] found that the al>" ion exists in different
hydrolysis forms at pH < 3.3. As the pH increases, reaction

occurs with water to form a sequence of hydrolysed species.
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Figure 4: Stability of polymer latex dispersion as a
function of electrolyte concentration in
- mol dm—3‘
(0) calcium chloride
. ~ (x) aluminum chloride‘

() lanthanum chloride

The pH of the dispersion was measured after electro-
lyte addition. It was found that the AlCl3 electro;yte
decreases the pH of the dispersion to a large extent,
while LaCl3 and CaCl2 have smaller effects on it. The
ratio of the ccc values for CaCl2 and AlCl3 was 2.1,
whereas that for CaClz and LaCl3 was 17, in approximate
agreement with the theoretical -value of 11.4 to be ex-

pected from the valency rule.
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DPCEKT KOHUEHTPALWUW SNEKTPOJNWTA HA CTABUJIBHOCTB NOJWMEPHOT'O
’ JIATEKCA

A. A. A6p On Xakum, 3. Tombau u &. CaHTO

C rnpuMeHeHreM MOTEHUMOMETPUUECKON M KOHAYKTOMETDUUECKOMN
TUTPOBAHUM XAPAKTEPH30BaH [0BEPXHOCTHHA 3apAJ NOJUMEPHOTO Ja-
Texca (QupHH Hills AG) Litex BL 112. BHJIO MOKA3aHO HAJWUUE KMUC- .
JOTHHX PpYnn ABYX TUMOB® HeGOJAbLOE KOJUUECTBO CHUIBHOKHCIOT-
HHX U GoJbilee CJAGOKMUCIOTHHX T'DYMN,06pa3yolX -I0BEPXHOCTHYI
MJIOTHOCTDL 3apspa 3.6 uk/cM”. [oCTOAHHAA KWUCJIOTHOW AUCCOLUALNK
Onaa HaifgeHa paBHo# 4.2.0npefeseHs EDUTHUECKME KOHLEHTpauny
Koarynaunu Jjif caCl,, AlCl, ¥ LaCl,, KOTOpHE cocraBaann 34, I5.
U 2 MMOJIb/[M” COOTBETCTBEHHO.

+
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DRUG-CONTAINING MULTIPLE-PHASE EMULSIONS
By
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Szeged, Hungary '
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We studied the effectiveness of the formation of w/o/w emulsions as a
function of composition and mixing time. We found that concentration of
emulsifier 1, the concentration and HLB of emulsifier 2, the viscosity
of the oil phase and the external water phase as well as the mixing time
in step two of making the emulsion characteristically influence the ef-
fectiveness of emulsification and the stability of the emulsions.

Introducticon

Thé "complex" emulsions (multiple phase emulsions, dop-
" pelte Emulsionssysteme) are disperse systems in which the

" disperse phase contains droplets of the external (coherent)
phase. Two types are known: "water-in-oil-in-water" (w/o/w)
and "oil-in-water-in oil" (o/w/o) [1].
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As concerns the structure of w/o/w emulsions, water
droplets in an oil coating are present in a coherent water
~ phase (w2 phase, "external" water phase) [2,3] (Fig. 1).

The prospective uses of these systems justify investiga-
tions of their formation, properties and stability. Hungarian
research in this field began only recently [4,5].

So far, the chemical industry, the food industry and .the
drug industry apply complex emulsions [1]. Their use as drug
delivery systems seems especially important and promising.

———c i
emulsifier |
emulsifier
outer {continuous) aqueous phase
ist step 2nd dtep

Figure 1.: Two-step procedure for emulsification and struc-

ture of w/o/w emulsions [3].

Their application in pharmaceutics is based on their follow-

. ing favourable properties [6-8]:

- protection of an agent dissolved in an internal water
(or 0il) phase is ensured,

- a prolonged effect can be achieved,

- in cases of overdosing, they have a detoxicating
effect.

w/o/w and o/w/o emulsions have so far been used with
more or less success.in the formulation of vaccines, anal-

getics and antiphlogistics, hormone preparations, antitumour
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agents, antibiotics and morphine antagonists [(6-12].
For the production of stable w/o/w emulsions, the fol-
lowing are necessary:

- a non-ionic emulsifier with a low HLB value in a
relatively high concentfation (in order to form a
w/0 emulsion), . »

~ an emulsifier with a high HLB value in a relatively
iow concentration (ensuring dispersion of the w/0o

emulsion in the coherent water phase),

- a suitable volume of the w/o emulsion withing phe
complex emulsion [2, 3, 12]. '

The aim of our investigations was to develop a stable
w/o/w emulsion. Qur primary task was to elucidate the rela-
tionship between the composition, and especially the con-
centrations of the two emulsifiers, and the result of emulsi-
fication. We set out to improve the stability (at the optimum
composition) by increasing the viscosityﬂof the external
water phase and by thickening the oil phase. A further aim was
to learn, whether a stable w/o/w emulsion is suitable as a .
drug delivery system. At what rate and in what guantities is
the active substancé liberated from the complex emulsions?

The present paper reports on studies concerning the ef-
~ fectiveness of production of w/0/w emulsions.

Materials and methods

w/o/w emulsions were made from liquid petrolatum (Paraffinum
liguidum, satisfying Ph.Hg.VI), Span 80, Span 20 and Tween 80
(Atlas GmbH, FRG). The viscosity of the external water phase
was improved with hydroxyethyl-cellulose (Cellosize QP, Union
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Carbide, USA). The oil phase was thickened with ceresine.
Emulsions were prepared in a two-step procedure [2,3]. In the
first step, Span 80 (lipophilic emulsifier) was dissolved in
liquid paraffin, after which water was emulsified in it by
mechanical stirring at an even rate. The intérnal water phase

of the model emulsions was a 10_1

nol dm-3 potassium chloride
solution; the drug-containing emulsions contained'1 mass per
cent of ephedrinium chloride solution. In the second step,
the w/o emulsion obtained in this way was emulsified in an
aqueous solution of Tween 80 (hydrophilic emulsifier) or a

Tween 80-Span 20 mixture.

Investigation of "efficiency"” o crmation of emulsions
g Yy

The efficiency of formation of the complex emulsion
was determined as the proportion of chloride ions added to
the internal water phase which penetrated into the external
water phase:

efficiency (8) = “kel T Measured byep 100 (1)

€kc1

- Chloride ion concentration was measured with a Radelkis OP-
CI-0711 P membrane electrode and a Radelkis OR-205/1 preci-
sion pH and voltagé-meter immediately after emulsification

and after different periods of waiting.
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Investigation of drug release

The liberation of ephedrinium chloride dissolved in the
internal water phase was studied by the membrane dialysis.
method (leading to equilibrium). A synthetic membrane was
attached to one end of the dialysing tube, and a constant
volume of emulsion was measured on it. The tube was placed
in a flask containing 20.0 ml distilled water at body tempe-
rature. The membrane just touched the surface of the water.
This apparatus was placed in a thermostat at 305 K. The
amount of ephedrinium chloride that passed .through the mem-
brane was measured with a Spektromom 195 spectrophotometer
‘at 290 nm. Examination of the liberation of the agent was
also found to be suitable for numerical characterization of
the efficiency of emulsification. In agreément with the 1lit-
eraﬁure, a linear correlation was obtained between the amount
of ephedrinium chloride measured in the dialysis liquid (Q)'
and the square root of the time of dialysis (t) [14]:

Q= a vt. (2)

a is.the rate of liberation of the agent. We determined the
" rates of liberation of the drug from the w/o emulsion and
from a w/o/w emulsion that contained ephedrinium chloride in
the external water phase. If the two steps of emulsification
were perfect, then the rate of dialysis would be rate of
liberation of'drug from the w/o emulsion. If no w/o/w emul-
sion was formed in step 2, but all of the agent passed into
the external water phase, then the rate of drug release
would be that of a w/o/w emulsion in which the agent was al-
ready dissolved in the external water. Therefore, if we con-
sider the first 100 énd the latter 0 % emulsifications, with
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a known rate constant of dialysis, we can determine the ef-

ficiency of the emulsion formation by means of a nomogram

(calibration line, Fig. 2):

00— 4 OQ.mm
N

L
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I‘?\l
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wlohs pmulsion
v

{flslgl T1 Il‘;ol T I’%llllsz

Rate of dialysis (ug/hours)

Efticiency of emulsification (s}
2
]

Figure 2.: Efficiency of emulsification determined via

rate of dialysis
Rheological exzaminations

Rheological measurement (leading to flow and viscosity
curves) were made with a Rheotest-2 and a HOppler rheovisco-

simeter at 298 K.

Results and discussion

1. Effect of composition on effectiveness of .emulsification

The effectiveness of formation of w/o/w emulsions is
mainly influenced by the amount of lipophilic emulsifier
{1-3]. In the studies on the production of stable emulsions,
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the amount of lipophilic emulsifier was véried at constant
amount of hydrophilic emulsifier and volume ratio. It can be
seen from Fig. 3 that the effectiveness of emulsification
increaseq with the concentration of emulsifier 1, but . even
in the preésence of 20 % lipophilic emulsifier only 70 % com-
plex emulsion was formed. Figure 3. shows the correlation
between the volume ratio and effectiveness. The effectiveness
of emulsification increased with inérease of thé volume of
the o(w emulsion. -

7

60+
4O-\
20~

i
i
A
.
l
:

Efficiency (%

emulsA her I { %}
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1

6 ._.f_. B s —
Q20 QJe 040 g5 Q60
. Valumc 11GC oW 101 00 21 won

Figure 3.: Effects of concentration of lipophilic emulsi-
fier (I) and volume fraction (II) on formation

of w/o/w emulsions

In the next phase, the concentration of the second emulsi-
fier (Tween 80) was also changed. Figure 4 shows an inter;
esting phenomenon. In the presence of 0.1 % hydrophilic
emulsifier, emulsification was complete, but then not a
liquid emulsion, but a cream-like substance with a specific
structure was formed. An 1ncrease of the amount of the hydro-
philic emulsifier sharply reduced the effectiveness of
emulsification until a minimum was reached. Further increase
of the concentrétion led to a maximum in the graph of the

function. On increase of the concentration of the lipophilic
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Figure 4.: Effect of emulsifier 2 concentration on forma-

tion of w/o/w emulsions

emulsifier, the maximum is situated at lower and lower con-
centrations of emulsifier 2.

The HLB value of the hydrophilic emulsifier also in-
fluences the effectiveness of emulsification: the correla-
tion between HLB and effectiveness exhibited a maximum. With-
increase of the concentration of emulsifier‘1, the optimum

HLB shifted towards higher values.

Efficiency (1) |

W09
%9 Span 80
109 in 100 g w/o emulsion

59

1 T i
Ir I]l —Er 13 K ’-4
HLB of emulsilier 2.

Figure 5.: Effect of HLB on formation of w/o/w emulsions
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2. Drug release from w/o/w emulsions. Evaluation of ef-

fectiveness of emulsificaticn via.rate of dialysis

The emulsion deemed most suitable on the basis of its
effectiveness was used to prepare a drug-containing emulsion.
One mass per cent of ephedrlnlum chloride was dissolved in
either the internal or the external water phase. THe process
of llberatlon of the-agent was studied (Fig. 6).

In this series of experiments the stability of the
emulsions and the effectiveness of emulsification were
closely connected: the rate constant of the 8-hour -dialysis
was determined énd used to calculate the effectiveness of
emulsification via Fig. 2. The effectiveness determined in
this was chéracterized the stability. If the/rate of dialysis
was low (i.e.: not higher than the rate of the w/o emulsion),
then emulsification was successful and the emulsion remained
stable for 8 hours.

Base _emulsion

IO'/ ceiesine ip the oil-
e |
/f/ o]
/ %o hydroxy:
elthyl-cellutas

T ir the extérnal waler phase

1 & L LU
[ 20 24
Time (Hours}

" Ephedrinium chioride(mg)
[

Figure 6.: Drug release from w/0/w emulsions
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The effectiveness of emulsification was found to be in-
creased considerably by an increase of the viscosity of the
oil phase (addition of ceresine). Increase of the viscosity
of the continuous water phase with hydroxyethyl-cellulose
had less effecé,on the stability. The duration of emulsifica-
tion was of vital importance: mixing for a longer timeé than
optimum “or just necessary destroyed the w/o/w emulsion (Tab-
le 1I). ‘

Investigation of the relationship between the stability
values calculated on the basis of dialysis and the results of

ion-selective membrane electrode examinations is continuing.

.Table I

Effectiveness of formation of w/o/w emulsions

CbMPOSITION - EFFICIENCY (%x
Base 10 g Span 80 in 100 g w/o 'emulsion
2 2 67,9
emulsion 1 g Tween 80 in 100 g w/o/w emulsion R
0,4 volume -fraction (wW/o in w/o/w)
Increase of 0 % ceresine 67,9
viscogity 5§ % ceresine 78,0
" of otl phase 10 % ceresine 79,9
Increase cf 3 % HEC - ’ 75,9
viscosity of 4 % HEC : 74,3
continuous 5 % HEC 75,4
w phase
Time of 1 minute 80,9
2nd step .3 minutes 63,3
(mixing time) 5§ minutes 40,4
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3. Rheological investigation of w/o/w emulsiona

The development of w/o/w emulsions from w/o emulsions
involves important rheological changes. From the structurally
viscous w/o emulsion with high viscosity, ideally ;iscous
systems with much lower viscosity are formed (Fig. 7).

1600
]
1400
- w/o emulsion
5 1200~
<
E 1000
el
i O\\f\\cg—o
S
o
4
s 600
400
200 .
0 b b &b sb & b
Sheanng stress (Pa )
)
- I
“ :j w/o/w emulsion
T :
3 < o—o—(g—F°
£ 0o —0o—0—p
>
| S
s o 2 30 4« 2» 6 b
Shearing stress (Pa)

Figure 7.: Viscosity curves of w/o and w/o/w emulsions

Dissolution of the polymer in the external water phase
increases the viscosity 6f w/o/w emulsions (Fig. 8).

Comparison of the viscosity curves of the emulsions
made with different mixing times (Fig. 9) proved our assump-
tion that, during a long mixing time, w/o/w emulsions under-
go transformation into simple o/w emulsions. The viscosity
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Figure 8.: Effect of hydroxyethyl-cellulose (HEC) content

on viscosity of w/o/w emulsions

8 - \m'—o I Min
6 -1 G‘&

A——l e J Min.
5 Min

Viscosity (mPas)

b h s b b b b
Shearing stress (Po} §

Figure 9.: Effect of mixing time (2nd step) on viscosity
of w/o/w emulsions

of a w/o/w emu151on made by mixing for 5 minutes is about
half that of an emulsion made by mlxing for 1 minute.
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JIPOT"'-COIEPKAWWE MAOI'OHPATHHE SMYJIbCUH

f. Banax, W. Opew, M. Tauu u U. flerep

U3yuena sdpderTnBHOCTb 06pa30Banvsa SMyJabcuil B/M/B B
34BUCHMOCTH OT COCTABA U BpeMeHM nepemeunnBanus. [okasaHo,
uTO0 Ha 3PPEeKTHBHOCTL 06PA30BAHMA MHOTOKPATHHX SMYJbCUA U
Ha UX CTAGMJBHOCTH OKA3HBAWT ONpefelfnlee BANAHUE KOHLEHT-
pauusa aMyaeraropa 1, KoHuexwtpauud u TJIB smyibraropa 2,
BASKOCTH MacJifAHON ¥ BOpHOW a3, a Takwe BpemA NepeMemMBa-
HMA BO BTOPOil CTYNEHU MPUTOTOBJIECHUA BMYJIbCUM.



INDEX

L. MICHAILOVITS, M.I. TORUK and I. KEVESI: On the Error
of the Absorption Coefficients of Weakly Absorbing Thin_ -

Layers, Determined from Transmittance Measurements . . . 3

J. CSASZAR: Comparison of theé UV Spectra of Aromatic
Schiff Bases and Their Reduction Products; Possibility
of Assignment of n* « n Transition of Azomethine

L€ ol 1§ o e

J. CSASZAR: Study of the Spectral Behaviour of molecu-

lar Complexes of Picric Acid and Hexanitrobiphenylamnine
with Schiff Bases Formed from Salicylaldehyde and Aikyl—
-amines, Polymethylenediamines, Sulphonamides and Amino-

pyridines . . . . . . . . 4 v e 4 e e e e e e e e e .. 29

P. NAGY and R. HERZFELD: Solvent Effect in the Formation
Oof Schiff Bases . . v v o o o« + o v o o o o« o o o « « .« 51

H. SCHOLL and P. KRZYCZMONIK: Electrodic Processes of
Derivatives of 2,2,4,4~-Tetramethylpentane on Stationary
Solid Electrodes I. Cyclic Voltammetry of 3-Hydrazones

of 2,2,4,4-Tetramethylpentane . . . . . . . . . . . . . 65

H. SCHOLL and P. KRZYCZMONIK: Electrodic Processes of
Derivatives of 2,2,4,4~Tetramethylpentane on Stationary
Solid Electrodes II. Voltammetry of 3,3’-Dibromo-2,2,4,4-

. ~Tetramethyl~Pentane in DMF . . . . . . : . . . . . . . 83

A.A. ABD EL HAKIM, E. TOMBACZ and F. SZANTO: Stability
of TiO2
Presence of AlCl3 Electrolyte . . . . . . . . . . . . . 99

Dispersions at Different pH Values and in

A.A. ABD EL HAKIM, E. TOMBACZ and F. SZANTO: Effect of
Electrolyte Concentration on Stability of Polymer Latex 109

J. BALAZS, I. ERGS, M. TACSI and I. Péter: Drug-Con-
taining Multiplex-Phase Emulsions . . . . . . . . . . . 121



ELTIE

Pks Dr, Gécaeg Ferenmc
Késziilt a JATE Sokszorosité Useméhen, Szeged

Eugedélyseséams 143/89.° . ‘Mérets B/S
Példényssém: 425 Pv: lengyel Gébor



