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Abstract: The interaction of carbenium ion pairs with silica is studied by means 
of UV-spectroscopy, electrokinetic and adsorption measurements using 
triphenylmethyl derivatives, (RC6Hg)3CX , (X = F, C1, Br, SCN, OH; R = CI, I, 
H, CH3, C(CH3)3, OCH3, N(CH3)2) in interaction with silica particles sus- 
pended in 1,2-dichloroethane. The adsorption of triarylmethyl-halides onto 
silica is accompanied by the heterolytic dissociation of the tertiary carbon- 
halogen bond. The degree of ionization depends on the basicity of the counter 
anion and acidity of the cation, respectively. The influences of both concentra- 
tion and structure of triarylmethyl halides on the zeta-potential are discussed 
with regard to steric and electronic factor. The zeta-potential values of the 
adsorbates decrease significantly, as compared with the free silica surface, from 
a certain triarylmethyl halide concentration where ionization takes place, to 
a constant level which is characteristic of the carbenium ion pair. These 
constant zeta-potential values of the adsorbates depend on the basicity of the 
counter ion and the ap Hammett constants of the ring substitutents, with 
exclusion of sterically hindered substituents and salt derivatives, e.g., crystal 
violet and malachite green. 
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1. Introduction 

In the solid state crystalline covalent  triaryl- 
methyl-hal ides  are usually colorless. In solution, 
depending  on the Lewis-acidity of the cation, the 
basicity of the counter  ion and of both  the polar i ty 
and  acceptor  s t rength of solvent ionizat ion and 
dissociat ion m a y  take place [1, 2] (Eq. 1). The 
ionizat ion is accompanied  by the appearance  of 
a new, s t rong visible absorpt ion  due to the corres- 
ponding  carbenium ion, and  increase in conduc- 
tivity. 

Ki Ka 

R-X ~-- R+X - ~ R + + X -  (1) 

The lower the basicity of the counter  ion and 
the acidity of the carbenium ion, respectively, the 

higher the degree of ionizat ion (Ki) as demon-  
strated by Feigel and  Kessler [3]. 

The influence of the solvent on the whole pro- 
cess is very complex due to the consecutive steps 
ionizat ion-dissociat ion.  However,  the ionizat ion 
is mainly  determined by the acceptor strength of 
the solvent due to the solvat ion of negatively 
charged counter  ions, and  the dissociat ion by the 
overall polar i ty  (may be the dielectric constant)  of 
the sur rounding  medium.  Solvents with donor  
properties stronger than  acetonitrile (DN = 14.1; 
D N  means  the donor  number  of the solvent ac- 
cording to G u t m a n n  [4]) react with carbenium 
ions possessing a pKR+ < 0. 

Advantageously ,  covalent  arylmethyl-hal ides 
are adsorbed  on to  several inorganic  solids with 
acceptor  properties such as silica and  a lumina  [5]. 
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Depending on the kind of counter ion and cation 
the adsorption process is accompanied by the 
heterolytic ionization of the carbon halogen bond 
according to the following mechanism, evident for 
the interaction of triarylmethyl chlorides with sil- 
ica (Eq. (2)) [5-7]: 

Ki 
R-X + H-OoSilica ~ R + X - . . . .  H-O-Silica (2) 

The ionization is attributed to an electrophilic 
attack of the silanol groups upon the negatively 
polarized halogen atom of the arylmethyl derivat- 
ive. Electrolytic dissociation of the triphenyl- 
methylium halide-silica into the solvent phase 
cannot take place because of diffusion-controlled 
ion recombination of solvated halides with 
triphenylmethylium in solution [8]. In the case of 
triarylmethyl halides the adsorption mechanism is 
as mentioned above: increasing surface concentra- 
tion of R-X only causes a gradual disappearance 
of the single valency vibration of silanol at 
3740 cm-L New absorptions in the region of 
960 cm- ~ which would indicate the appearance of 
covalent Si-O-C bonds are not observed [9]. 
This result is supported in that triphenyP 
methylium hexachloroantimonate is not adsorbed 
onto silica in comparison with the tetrafluorobor- 
ate salt. It is known that hexachloroantimonate 
does not participate in hydrogen bonding com- 
plexes due to its non-nucleophilic property, in 
contrast to the tetrafluoroborate [10]. That 
means a coordination of the sterically hindered 
triphenylmethylium on the oxygen atom of silanol 
groups does not take place, and the adsorption 
occurs via ion pair intermediates. However, the 
existence of a chemisorbate of diphenylmethylium 
hexachloroantimonate with silica-aerosil is 

observed in a very tow yield. The larger reactivity 
of the diarylmethylimn is due to its easier sterical 
accessibility [11]. To elucidate the only ionization 
mechanism, according to Eq. (2), we have 
employed the triphenylmethyl derivatives as 
model compounds. According to Feigel and 
Kessler [3], we have applied their ionization 
scheme, derived for homogeneous solutions, and 
considered aerosil/1,2-dichloroethane as medium 
for ionization (solid line in Fig. 1) as reported 
previously [12]. 

The ordinate of Fig. 1 expresses the dec- 
trophilicity of the carbenium ion as pKR +, and the 
abscissa can simply be viewed as. a basicity scale of 
the counter ion expressed as the pK~ of the corres- 
ponding protonic acid. The dashed lines indicate 
the frontiers in which solvents arylmethyl halides 
are more ionic or more covalently present. Thus, 
the left area of a line (the dashed lines are taken 
from ref. [3]) indicates the covalent combination 
ofR + and X- (R-X) where K/is smaller than one. 
For instance, triphenylmethyl-chloride is 
dissolved covalently in methylene dichloride but it 
is adsorbed ionically at the silica surface (the yel- 
Iow triphenyhnethylium absorption at 410nm 
and 430 nm appears), compared with triphenyP 
methyMsothiocyanate which is not ionized at 
silica. Hence, methylene dichloride or 1,2-dio 
chloroethane are excellent suspending liquids for 
the application of triphenylmethyl chloride in 
conjunction with silica. Thus, the colored suspen- 
sions of triphenylmethylium halides in aerosil/1,2- 
dichloroethane becomes convenient for synthetic 
alternatives in comparis9n with carbenium salts 
in solution of haloalkanes, as for hydride ion 
acceptors [i2] and as initiator for cationic inter- 
facial polymerization of p-methoxystyrene [13]. 
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Fig. 1. Graphical search for cationoid compounds 
in which K~ (see Eq. (1)) approximates the value 1, 
For aerosil/1,2-dichloroethane as medium see line 
(a) (the lines for SO2 (b), CH3CN (c) and CH2Cla 
(d) are according to ref. [3]) 
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The principle of interracial initiation of cationic 
vinyl polymerization is demonstrated in Eq. (3). 

(RC6H4)aCX + HOosilica ;e  

,~ + monomer 

no initiation 

(RC6Hr + X- ""  H-O-silica (3) 
,~ + monomer 

interracial initiation 

Advantageously, the counter ion is responsible for 
the coordination of both the initiating triphenyl- 
methylium at the silica surface and of the 
propagating chain carrier after initiation. The 
propagating polymer cation (i.e., p-methoxy- 
styrylium) allows an interaction with various sur- 
face groups leading to controlled grafting. For 
that reason triphenyimethylium halide-silica is 
suitable exclusively for interracial initiation of 
various cationic polymerizable monomers leading 
to both composites and extractable polymer with 
narrow molecular weight distribution (MWD). 
The balance between these products is strongly 
dependent on the surface concentration of the 
initiating ion pair intermediate [I3]. To get a bet- 
ter understanding of the behavior of triarylmethyl 
halide/aerosil adsorbates among initiation in 
organic liquids, the formation of an electrochemi- 
cal double !ayer at the solid/liquid interface must 
be taken into account. According to the well- 
known Stern model two layers have to be con- 
sidered: 

a) a so called Stern layer dose to the surface is 
immobile and 

b) a diffuse layer allows-a thermal motion of 
charge carriers, and is continuously in weak 
contact with the Stern layer. 

The electrokinetic potential or zeta-potential is 
defined as the electric potential in the slipping 
plane between Stern layer and diffuse layer and 
can be measured by means of electrophoretic or 
electroosmotic procedures. 

Relationships relating to donor-acceptor prop- 
erties of solids and electrokinetic phenomena have 
been shown by Fowkes [14], and Labib and 
Williams [15], Cremer [16] and by the authors 
[17, 18]. The objective of this study is to prove 
that zeta-potential measurements can be applied 
to describe the behavior of triphenylmethylium 

halide/silica adsorbates in organic liquids, such as 
1,2-dichloroethane. In the following, the influen- 
ces of the counter ion and the influence of the 
substituents of the phenyl rings on the zeta-potem 
tial are discussed. 

2. Experimental and materials 

The zeta-potential of the solid-liquid interface 
was determined by means of electrophoretic 
methods. The zeta-potential is calculated by the 
Hfickel equation [19]: 

3 '  Ue*r/ 
- (4) 

2*er*e0 

with 
r I - viscosity of the solvent (liquid) 
;r - relative dielectric constant of the !iqmd 
eo - permittivity of vaccum 
Ue - electrophoretic mobility UE = t / p / E  

Vp- particle velocity 
E - electric field strength. 

The electrophoretic mobility was determined 
by means of a REPAP-zeta-potential equipment. 
The closed measuring cell includes two Pt-e!ec- 
trodes with a distance of 0.9 cm. 

The distance between the gtass windows was 
0ot cm. An electric field of 100 V/cm was applied. 
The solid-liquid systems were prepared as de- 
scribed in ref. [13]. Every zetaopotential value was 
averaged from 10 independent measurements. 
The error of the reported values is in the order of 
< 5 % .  

The triphenylmethyl derivatives were obtained 
by the reaction of the triphenylmethyl alcohols 
with the corresponding ace@ halide according to 
[20]. They were purified by recrystallization from 
hexane and stored under argon. The purity of all 
reagents was confirmed by elementa! analysis. 

1,2-Dichloroethane, purified by standard pro- 
cedure and dried over Call2, was freshly distilled 
before use. 

Silica was used as the commercially avaitabie 
product Aerosil 300, (DEGUSSA Frankfurt/ 
Main). It was stored in closed vessels. Before use, 
it was dried under vaccum for 6 h at 673 K. The 
silica was kept in Schlenk vessels, and a stock 
solution of triaryl-methyl/halide in 1,2-dichloro- 
ethane was added under inert conditions. The 
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suspension was degassed and the solid particles 
were dispersed by ultrasonic treatment. 

The adsorption measurements were carried out 
at conditions as described above. The surface 
concentration in the dependence on the concen- 
tration of the solution was determined by two 
independent methods, elemental analysis of the 
solid adsorbates after drying, and by UV 
measurements of the supernatant solutions. 

3. Results and discussion 

3.1. U V/ Vis-measurements 

UV/Vis-measurements of the transparent aero- 
sil/1,2-dichloroethane suspension allows a clear 
decision about whether ionization takes place or 
not, if the concentration of carbenium is larger 
t h a n  10  - 6  mol/g of the solid. We have investi- 
gated the surface promoted carbenium ion-pair 

formation considering more than 20 relevant 
compounds. The qualitative results are compiled 
in Table 1. 

The comparison of the UV/Vis-maxima of the 
carbenium measured on the silica surface with 
those obtained from solutions of adequate hexa- 
chloroantimonates gives a straight line with 
a slope of one (corr = 0.999). This result points 
out that the electronic structure of every sub- 
stituted triphenylmethylium ion is the same one in 
solution as in the ion pair intermediate occurring 
at the silica surface. Obviously, the counter ion 
shields the acidic surface groups. In the case of the 
triphenylmethane dyes, crystal violet and mala- 
chite green, additional influences due to specific 
interactions of silanol upon the dimethylamino 
groups in the UV-spectra are not observed [24]. 
However, in the case of alumina and titan dioxide 
as surfaces the behavior is quite different and will 
be reported in a following paper 1-251. The results 
in Table 1 are in accordance with Fig. 1, and will 

Tabel  1. UV-spectroscopic  results of the interact ion of var ious tr iarylmethyl  derivatives (4-RC6H4) (4R'C6H4) 
(4R"C6H4)CX with silica-aerosil in 1,2-dichloroethane suspensions at 293 K 

C o m p o u n d  Ionizat ion Vmax/Cm- 1 pK R + _ pKsa) 
R R' R" X on silica 

-N(CH3)2 -N(CH3)2 -N(CH3)2  CI b) 
-N(CH3)2  -N(CH3)2  - n  C1 b) 
- N ( C H 3 )  2 - O C H 3  - H  C1 b) 
- O C H  3 - O C H  3 H C1 + 
- O C H  3 - C H  3 - H  C1 + 
- O C H  3 - H  - H  C1 + 
- O C H 3  -C1 H C1 + 
-C(CH3) 3 - C ( C H 3 )  3 - C ( CH 3)  3 C1 + 
-C(CH3)  3 - H  - H  C1 + 
- H  - H  - H  C1 + 
- H  - H  H Br + 
- H  - H  - H  F + 

H - H  - H  NCS - 
- H  - H  - H  N3 -- 
- H  - H  - H  O H  - 
-C1 - H  - H  C1 + 
- I  - H  - H  C1 + 
-CI  -CI  -C1 C1 ? 

16950 15.4 
16 000 12.9 
19 160 10.8 
19 800 4.9 
20 680 3.7 ~) 
20 920 2.6 
20 520 0.65 c) 
21 720 - 0.80 
21 840 - 0.40 
22 900 - 0.63 
22 800 0.87 
23 000 - 10.03 
- - 7.66 
- -11 .6  
- -20 .63  

22 200 - 1.43 ~) 
20 500 - 1.3Y) 
- - 1.74 

(4-CH3OC6H,~)2CH-C1 + 20 100 + 0.29 
(4-CH3C6H4)2CH-C1 - - - 4.4 
(C6Hs)2CH-C1 - - - 7.3 

a) The pKR § values of the ca rben ium ions and  pKs values of the counter  ions were taken from refs. [21, 22] and  [23], 
respectively 
b) These compounds  are salts 
~) The pKR+-values involved were est imated by a Linear  Free Energy-relat ionship according to ref. [25b] 
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be discussed in connect ion with the electrokinetic 
data  in chapter 3.2. Advantageously,  the following 
can be used as a rule (excluding the fluoride ion 
where HF~- formation may take place): if the 
difference of pKR+ - p K s  is lower than a round 
- 1.5, no ionization on silica occurs. According 

to [26] a more  detailed study describing quantit-  
atively the very complex mechanism will be 
reported [27]. 

3.2. Electrokinetic measurements 

The interpretat ion of experimental results of 
electrokinetic phenomena  of bare solids in pure 
weakly polar liquids such as benzene or 1,2-di- 
chloroethane are still controversially discussed, 
ref. [15, 18]. However, the experimental results 
are evident, and the zeta-potential of bare aerosil 
in 1,2-dichloroethane is negative (~ = - 98 mV). 
This indicates that  silica surface serves as an elec- 
t ron acceptor towards 1,2-dichloroethane, ref. 
[18]. As a consequence, the adsorpt ion of donor  
molecules decreases the acceptor strength of the 
surface and the zeta-potential becomes more pos- 
itive. Accordingly, the adsorpt ion of triphenyl- 
methyl halides causes an increase in the negative 
zeta-potential of the aerosil due to nucleophilic 
at tack of the negatively polarized halogen a tom 
upon  the acidic silanols. 

3.2.1. Influence o f  the counter ion 

The zeta-potentials of aerosil as function of the 
tr iphenylmethyl halide concentrat ion (tool per 
g silica) are shown in Fig. 2. 

The course of the zeta-potential versus concen- 
tration plots can be separated into three different 
sections according to Fig. 2. 

1) In the first section, where 0 < 7 < 7min, the 
zeta-potential is determined essentially by the 
interface between the measured aerosil and 1,2- 
dichloroethane.  Insufficient tr iphenylmethyl 
halide is adsorbed to influence the measured 
zeta-potential. According to ref. [13], the 
7min concentrat ions agree very well with the 
lowest initiator concentrat ion which can effect 
cationic interracial polymerization of p- 
methoxystyrene by (C6H5)3C +X--silica initia- 
tion. 

2) In the second section between 7mi, and ]) . . . .  
the negative zeta-potential increases signific- 
antly with increasing tr iphenylmethyl halide 
concentrat ion because ionization is enhanced. 
That  means the carbenium-ion intermediate 
formed on the surface determines the zeta- 
potential. 

In contrast, the adsorpt ion of (C6Hs)3COH 
and (C6Hs)3CNCS on silica does not  change 
the zeta-potential, which implies that  no 
ionized species can be observed (see Table 1) 
[6]. 

3) In the third section above ])max the zeta-poten- 
tial reaches a constant  level which is deter- 
mined by the (C6Hs)3C+X--sil ica adsorbate. 
The silica surface is shielded by carbenium ion 
pairs above •max, and a further increase in the 
overall (C6Hs)3CX-concentration does not 
change the zeta-potential. This agrees very well 
with the efficiency of composi te  yield by 
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Fig. 2. Zeta-potential of triphenylmethylium 
halide-silica adsorbates versus the overall tri- 
phenylmethyl halide concentration of the suspen- 
sion in 1,2-dichloroethane. 
D ( C 6 H s ) 3 C O H  , �9 ( C 6 H s ) 3 C N C S  , 
A (C6Hs)3CF ' O (C6H5)3CC1 , �9 (C6Hs)3CBr 
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triphenylmethylium halide-silica initiation, 
where higher initiator concentrations than 
7m,x do not enhance the polymer yield grafted 
onto the surface, see ref. [13]. 

The zeta-potential level above '/max shows the fol- 
lowing order for the various triphenylmethyl 
derivatives: 

SCN- = O H -  < F -  < C 1 -  < B r - .  

This order agrees very well with corresponding 
scales concerning the hardness of anions accord- 
ing to Pearson [28] and Gutmann [29]. The de- 
crease in the necessary •min concentration which is 
responsible for the equilibrium between covalent 
and ionic species is confirmed by the lowering of 
the carbon halide bond strength for heterolytic 
dissociation [2, 3]. The order of 7min values of the 
various triphenylmethyl halides is the same one as 
for the order of the differences of zeta-potential 
values between ~min and ~)max" 

It becomes obvious that carbenium interfacial 
processes are only possible in the case of 
(C6Hs)3C+F --, CI--, and Br--silica intermedi- 
ates [12-1. 

3.2.2. Influence of the substituents of the ring 

Electronic factors 

The zeta-potential as function of the over- 
all concentration of various substituted 

(RC6H4)3C--C1-  compounds adsorbed on the sil- 
ica are plotted in Fig. 3. 

The curves exhibit the same shape as observed 
in the case of the halide derivatives which indi- 
cates principally a similar mechanism. Variation 
of the substituents of the ring changes both the 
zeta-potential level above 7max, and the 
~min concentration range. Increasing stabilization 
of the carbenium ion due to donor substituents 
with -O-p Hammett  constants, such as -CH3,  
-OCHa,  or -N(CH3)2, decrease the zeta-poten- 
tial level at 7max and the ~min concentrations in 
comparison with the unsubstituted compound. 
Both results agree with the lowering of the hetero- 
lyric dissociation barrier of the carbon halogen 
bond. That means, the ion pair formation on the 
surface influence the zeta-potential values begin- 
ning at 7rain, and the increased stability of the 
carbenium ion leads to a weaker interaction with 
the corresponding chloride/silica. Thus, the in- 
creased stability of the carbenium ion leads to 
a decrease in the negative charge density in the 
electrochemical double layer. The formation of 
ionic aggregates in the course of adsorption of 
triarylmethyl halides on silica can be demon- 
strated by adsorption measurements. Represen- 
tative adsorption isotherms are shown in Fig. 4. 
This behavior relates to Freundlich isotherms, 
and shows that with increasing triarylmethyl/hal- 
ide concentration the concentration on the sur- 
face increases continuously, too. 
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Fig. 3. Zeta-potential of various substituted triarylmethylium chloride-aerosil adsorbates versus the overall triarylmethyl 
chloride concentration of the suspension in 1,2-dichloroethane. �9 (C6H5)3CC1, [] [4-(CH3)3C-C6H4] r_C6Hs]2CCt, 
O [4-(CH3)2N-C6I-I4]3C+C1 , �9 [4-(CH3OC6H4)]2[C6Hs]CCI, �9 [4-(CH3)2N C6H412[C6 HS]2C+CI- 
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We conclude, therefore, that depending on the 
ionization barrier of the triarylmethyl halide both 
are changed, the negative charge density in ac- 
cordance with the zeta-potential, and the quantit- 
ies of carben ium ion pairs only formed by the 
adsorption. The immediate influence of the sub- 
stituents on the ring on both, the zeta-potential 
values above ])max and the heterolytic dissociation 
of the carbon halogen bond can be demonstrated 
by comparison of the ar Hammett constants, 
which represent the electronic behavior of sub- 
stituents 1-303, with the zeta-potential. The rela- 
tionship of the zeta-potentials versus ap constants, 
a linear free energy relationship, is shown in 
Fig. 5. 

A linear relationship is only obtained for 
triarylmethyl halides in the range from 

- a ~ ,  > 0.5 to ap < 0.5, and only in this range 
does the silica cause a heterolytic dissociation of 
the carbon chlorine bond which is accompanied 
by a significant change of the UV/Vis-spectrum. 
Chlorides involving cations having a pKR+ > 1 
(Table 1) are salts, i.e., crystal violet and malachite 
green. Thus, the equilibrium between covalent 
species and ionic species is not affected by silica, 
and the adsorption mechanism is another one. 
Analogously, arylmethyl chlorides involving a ca- 
tion having a pKR+ < -- 8 only undergo a very 
weak ionization on silica (Table 1). The appear- 
ance of triarylmethylium ion pairs on silica sur- 
faces is similar to the Winstein scheme, which is 
well known from analogous behavior in homo- 
geneous systems [31]. Hence, the following mech- 
anism for the interaction of triarylmethyl halides 

-4,5 

~ -5 ,5  

(..2, 

o ~ 
- 6  

-6,5 

[] 

-4 -3 -2 

log '1" (mol/I) 

[ ]  

(4-CH3OC6Hz,) 2 (CBHs)CCI 

O 
{C6H5) 3 CBr 

e 

(C6H5) 3 CC[ 

Fig. 4. Adsorption isotherms of se- 
lected triarylmethyl derivatives from 
1,2-dichloroethane on aerosil-silica 
at 293 K 
�9 (C6H5)2CC1, �9 (C6Hs)2CBr, 
[] [4-(CH3OC6H4)] 2[C6H5 ]CCI 
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Fig. 5. Relationship of the constant zeta-potential 
values of the adsorbates of substituted triaryl- 
methyl derivatives on silica versus the sum of the 
corresponding p-Hammett  constants 
1 = [4-(CH3)zN-C6H,,]3C+C1 
2 = [4-(CH3)2N-C6H~]z [C6H512C+C1 - 
3 = (4-CH3OC6H4)2(C6Hs)CC1 
4 = (4-CH3C6H4)3CCI 
5 = [4-(CH3)aCC6H4)](C6Hs)2CCI 
6 = (C6H~)3CC1 
7 = [4-(CH3)3CC6H4)]3CC1 
8 = (4-IC6H4)(C6H~)2CC1 
9 = (4-CIC6H4)3CC1 
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Fig. 6. Zeta-potentials of substituted tri- 
arylmethyl chlorides involving sterically 
bulky substituents versus the overall con- 
centration of the suspension in 1,2-dich- 
loroethane; the curve for (C6H5)2CC1 is 
shown for comparison. 
�9 [(C6Hs)2CCI-C6H4-CC1C6H5 ]2, 
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with silica-OH is suggested: 

adsorption 
silica-OH + X-C(C6HgR)a . . .  "" 

desorption 

s i l i ca -OH X - C ( C 6 H 4 R ) 3  (5a) 

polarisation ~r depolarisation 

silica-OH + X-C(C6H4R)3 ~- 

silica-OH . . . .  X a - - C  a +(C6H4R)3 (5b) 

ionisation~Frecombination 

silica-OH + X-C(C6H,~R)3 ~,~ 

si l ica-OH"X- " - "  C + (C6H4R)3 (5c) 

Steric factors 

As seen from Fig. 5, tris (4-tert. butyl- 
phenyl)methyl chloride does not fit in the linear 
relationship of the ap Hammett constants and the 
zeta-potentials. Similar zeta-potential plots have 
been obtained for diphenyl-l-naphthyl-methyl 
chloride and (C6Hs)zCC1-C6H4-CCI(C6Hs)2. 
The plots of zeta-potential versus the concentra- 
tion of the respective triarylmethyl chlorides in 
comparison to (C6Hs)3CC1 are shown in Fig. 6. 

The charge stabilizing effect of the donor 
substituents, tertiary butyl and 1-naphthyl, 
respectively, is seen from the shift of 7min to lower 
concentrations which agrees with the items 
described in the previous chapter. Obviously, 
sterically hindering substituents disturb the 
formation of ionic layers as seen from the repres- 
entative zeta-potential levels above 7max in com- 
parison to (C6H5)3CC1. 

4. Conclusion 

The occurrence of carbenium ion pairs at the 
silica surface can be studied with the help of 
model compounds such as triarylmethyl derivat- 
ives on silica surfaces by means of UV/Vis- 
spectroscopy, electrokinetic measurements and 
adsorption measurements. It could b e  demon- 
strated that zeta-potential measurements are suit- 
able for elucidation of the electronic behavior of 
carbenium ion pairs on silica surfaces in 1,2-dich- 
loroethane suspension. 

The following results can be summarized: 

1) The zeta-potential of triarylmethyl halide silica 
adsorbates depends on the triarylmethyl halide 
concentration in the solid liquid system. 

2) The negative zeta-potential increases from 
a certain concentration on a constant level 
which is characteristic of the ion pair linked to 
the surface groups. 

The interrelation between electrokinetic data 
and structural parameters can be demonstrated 
by means of the ap Hammett constants in a Free 
Energy relationship. It is evident that zeta-poten- 
tial measurements in liquids of moderate polarity 
are convenient for detecting structure-reactivity 
relationships of surface mediated carbenium ion 
pair species. 
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