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THIN-LAYER CHROMATOCRAPHIC DETERMINATION OF THE STABI- 

LLTY OF COMPLEXES OF SUBSTITUTED STYRENES ON SILVER NITRA- 
TE-IMPREGNATED SILlCA 

A quanGt:ttive ttpproach is presented for the determination of complcsing 

srrertg_ths by means of thin-layer chromniography. This approach has been applied 
to the silver (1) cornplesrs of a series of 3- and kxtbstitutcd styrenes_ The results are 
considcrcd in terms of a Hammett-Yukawt relationship \vith a 11 value of -~-~O.SI _ 
\vhich is clox to the t-csults obtained ft-otn solubility and distribution measurements. 

INTRODL’CTIOS 

Of rhe various merhods for tneasurin 2 rhc stretyht of interaction bet\veen a 
metal and ;I ligand. recentI_v rwiewed by Hat-rlcy’ for complexes between unsaturafed 
hydrocarbon?; :tnd tcttisition tnetalsl the use of thin-ia_\‘er’ and column liquid chro- 
marogaphy’ has reccivcd little attention. In particulsr. these cliroi~i:ttogrspliic 
methods may ott-cr :I convenient and rapid means for the study of the stability of 
compltscs bct\vcen ;t metal ion or atom and a ligand in solution_ Furthermore_ liquid 
chromntofraph_v may be complemet~tat-y to the ~vcll developed gas chromntogrttphic 
method in the case of non-volatile ligrtnds_ 

in this paper_ \ve present a quanritative approach to the study of metal-ligand 

interrtc~ions by means of rhin-layer chrc~maro~rap~~~ (TLC). In order to test the 
method. \ve studied the silver(l) complcses of :t series of >- and kubsiituted styrenes 
on silver nitrate-imprcgnatcd silica. Comparison is made \vith literature t-ewlts 
obrained from direct solubility and distribution mettsuretnents. 

The st:t-cnes \\-erc commercial samples or preparations made by standard 
proccdut&‘_ The prc-coated silica gel pltttcs (20 ‘.: 10 cm) \verc purchased from 
Merck. Darmstadt_ G.F.R._ (Silicagel 60. layer thickness 0.13 mm). The silica at-c:t 
\\‘;ts 260 m2/s (nitrogen adso&tion). pot-e volume 1.6 ml.!g_ mean pore radius 140 .A 
(met-cur? pcnctrrttion)_ and \\ztter content Soi, after heating for 1 h ;tI 120’ (loss of 
weighr afrer subsequent heatin, e of the silica for 65 h at 400’). 

The silver nitrate-imprcgnsted silica ?el plates \vere prepared by imtnersin& the 
pre-coated plates in a solution of silver nitrate in acctonitrile for 30 min_ follo\ved b> 
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drving for 60 min at 110’. The use of solutions containing O_ I. 3, 6_ 10 and 2Cy;, 
(k:v) of silver nitrate yielded plates with it lottdin g ofO.OO. 0.025,0.07,0_ 1% 0.23 and 
O-7 s of silver nitrate per gram of siIica_ 

SampIes (6yI) of a I”;, solution of the styrenes in n-heptane were spotted on the 
plates, developed with chloroform at room temperature and rendered visible with 
phosphomolybdic acid6 (20”;, solution in ethanol). 

THEORETICAL 

Consider the complesation of :t ligand L in solution with metal ions M im- 
pre~nared on a support S under TLC conditions. The stationary phase consists of 
both M and S and the interactions of the lipnd with the stationary phal;e have to be 

described in terms of both a cornpIes constant fYxI and ai adsorption equihbrium 

constant A;;_ 
For the transfer of 1 mole of L from the stationary phxc to the mobile phase. 

rhe reversible work due to compfesution of I_ \vith M [denoted by If_‘,,_,,) is given 
by’ 

il--,,,_~t=RT 
( 

In =g - In K,, 

1 

(I) 
>I 

where C m and C, tire the amounts of the mobile phase and Xl_ rcqectively’. When 

II molecules of L arc transferred from the stationary LO the mobile phase. -or \\-hen 

one molwuIe of L is transferred II times from the stationary to the mobik phase, 
the reversible work delivered is II~:\‘- Il.frcr-_xt (S -~= Avogadt-o constant). Compariwn of 
;L li~nd L, with some other lismd L, under the si;mw condition?; leads to 

where _ IG,, is the free energy of complex formation between rhe Iigand and ;\I. 
The K,, v;alues are $-en by’ 

C XI Ki,, = + ( IjR, - I) 
c 

(3 1 
XI 

where R;' denotes the Rf value of the Ii~and developed on an imaginary TLC plate 
xvith just Jf as the stationarv phase and n-=-:V. Combining eqns. I and 3 gives 

II:,,_,, = - KTill ( 1;ag- I ) (ai 

Ho\vevcr_ the experimental RF values are dctcrmined by both 14 and S complcs 
formation_ Furthermore_ these RF values count for II instead of S interxtions 
between the Iigand and h4_ ix.. they refer to /z,!N- II’,,,_,, rather than l!‘,c,_,l_ The 
foliowing expression can be written: 

ii~~~,,-,,,,).t-(~~f,._J,s)l,l-~~i(~tl,,S)L, -(f~:r,S)iol = s [(jt;c,..\l)L,-(jl;cr.Si)Lol (3 

where IP;Fx.31S and Ifj,,_, are the reversible work pertaining to the M-impregnated 
.-- 
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S and the S stationary phase, respectively, wheras l-0 (Oc:O< 1) is the fraction 

of the surface area of S covered by M_ By a1~110gy with eqn. 4, we can write 

( I~~~‘r,,_x~s) = - RT In (l/R:!‘-- 1) (6) 
and 

(lf’,,,,s)= -RT In (l/R%- 1) (7) 

where R:J’ and Rz are the respective R, values of the ligand on the plates. Substitution 
of eqns_ 6 and 7 for L, and L, in eqns_ 2 and 5 gives 

; [(w~,,.,,),~ --(II;;,,._,,),,]=R7- In (1/R’- “” 
(lIR;.=-I),, 

] - ORT In [~$~.~,:] 

(%A, =-; R’i’-ln---- 
(&AL, 

=k [(dG,i)L,-_(xQL,,l (S) 

In the case of structurally related ligands L, and L,, e.g.. 3- and 4-substituted 
styrenes. for \vhich the Hammett relationship” - IS applicable. we can Lvrite. assuming 
that complesation is caused almost solely by the interaction of the olefinic txmd \vith 
the silver ions as found in hon~ogcncous silver([) complesntion’“-‘l_ 

(dG,,i,,-(dC;,,),,,=--Z-j RTp (9 j 

\vhere L,, refers to the unsubstituted ligand. Combination of eqns. S :md 9 results in 

Howe\-er. the plot of the logarithmic term WI-sacs pi = 4ves 3 slope that is dependent on 

IZ~S. in order to determine the true 1, value. we must eliminate this factor. To :I tirst 
approximation. \ve :LSJL~I~’ that Ri.’ is correlated \vith R2S tmd R:- according to the 
relationship 

(l;R;!- I) 2; [([;R;!‘- [)-[)([jR;.- [)] (.[[I 

Subsrirurion ofcqn. 1 1 into eqn. 10 results in the follo\vin, ~1 final c.spression : 

log [(lfRj?- I)[., -fj(ljR;- I),*] s-ptflog 
[ 

; (l/R?- l)L,, 1 (12) 

Eqn. 10 cm be best used to test the linear free rner_: z< relationship. whereas 
eqn. 11 has to be applied to obtain the correct slope of the relationship found. 
Finttll~_ O- 1 cm be used in most instances. because most often (_l/t?tJs- --I ),. 4 

(l:R;.--1 ) anci!or loading by hi is small. 

RESULTS AND DISCUSSION 

In the preparation ofthe silver nitmte-impre~narrd silica gel plates by immersing 
pre-coated silk1 gel plater in :t sohttion of silver nitrate in acetonitrile, complete 
removtll of the acetonitrile. as shown by infrared spectroscopy_ was ett‘rcted by drying 
the plates at 120’ for 1 h. The blank silica gel plates were obtained in the same manner 
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using pure acetonitriie- Table I shows some data for the various silver nitrate-im- 

preznated silica gel plates used. 

T-ABLE I 

DATA FOR SILVER XK-i-RATE-TMPREGXATED SILICA GEL PLATES 

The small decrease in the surf&e area of the stationary phase at the hjghcr 
loadings of silver nitrate is the result of blockin g of the micro-pores ( <30 A) of 
the silica by silver nitrate crystallite?;. ;I?; ~IIO\VII by the mcrcu~ penetration mea- 
surements and the t%ct that the surfztce area retam to its original value of 260 m2 ‘2 

after extraction of the silver nitrate by acetonitriie. 
I%-rn_v ditrrttction measurements indicate the presence of silver nitrate cr>?;tal- 

iites larger than IO3 _A_ The relative intensities of the diffrrtction lincl; are not in 
agr~mcnt \vith those espected from the loading preccntages ttnd indicate the oc- 
currence of an aqueous silver nitrate solution on the silica gel. This is ~31 understood 
because the silica gel dried at ID still contains S”,, of aster_ which c;in dissolve 
0. iS g of silver nitrate per pram of silica at room temperature. This result cspktins 
the iar:e increase in the anount of solid silver nitrate at higher ioxiings ~Txblc I )_ 
It is clear that the interaction of the ligand \\-ith the solid silver nitrate prewnt is of 
minor importance bccrttuse of its much smaller surface ;tre;t (estimated silwr nitrate 
surf;tce arca c 6 m’ per gram of silk:1 for the highest loading)_ Conwquently_ the 
compkxttion phenomena to be studied must be ascribed almost soicl~- to the intcr- 
action of the ligand \vith the aqueous silver nitrate phase on the silica gci. 

A series of 3- and 4-substituted st_vrcne.s \v;ts deveiopcd on the ~.x-ious Ai\er 
nitrate-impregntrted silica gel plates at 5 \vith chloroform as the eluent. The rcsult~ 

xc summarized in Table II. 
Table III shows the reaction parameters fz,~rV-l~ and JJ_ \vhich \vcre obtained 

from the data in Table I1 using eqns. 10 and 12 \vith O- I _ The G values used \vere 
derived from the Yuka\va espression G--G”-:-I-. 1~: (‘ret1 12) \vith 1-.:-0.&i_ using 2 
and. 1~: values of Wepjter and co-\vorkers’“- 14_ The choice of :t rezon;~nce psranwter 
I- of O-44 is somewhat arbitrary_ viz__ the mean \-ttlue of I- obtained from cqn. IO. The 
use ofeqn. I2 in order to obtain the true f> v:~lues = Gves 3 lower correltltion coetlicient 
tharz the use of eqn. 10. owin g to both the approsimation made in eqn. 1 I to eliminate 
the IZ:~Y Etctor and the greater relatise error in the term I.‘R~JS--I’R~ v;ith respect to 
il.~R~~S-lj.r(l,‘R~-l !. This latter c:tuse is Lye11 demonstrtwd by the correlation co- 
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T-ABLE II 

TLC DATA FOR SUBSTITUTED STYRENES ON SILVER NLTR_ATE-CMPREGNXTED 

SlLICA GEL (R;!S) AND SZLfCA GEL CR;.) WITH CHLOROFORM AS THE ELUENT 
__- 

Lotrrll-Il.:~ (_g ;1.~~1\:02!~ xi KU) 
___. I‘ 

u.025 0_07 0.23 O-47 
.._ - - ____-. . 

SduTitrwrt Rt.‘= R; R;_=” R;. R’:f= R;. R_:!’ t RJ: 
_ .________. ~._ ~_.-.._-.-..__. -..-__-. 

I-OXle 0.57 0.75 0.x 0.75 0.X 0.71 0.24 !).71 
-I-XIC 0.66 O.Sl 0.47 0.79 0.4-Z 0.7s 0.35 0.76 
H 0.0s 0.79 0.51 0.77 0.1s 0.77 0.39 0.74 
;-OXIc 0.61 0.74 0.4s 0.75 O-45 0.71 0.37 0.71 
3-c-I 0.72 ON 0.65 0.79 0.65 0.7s 0.5s 0.77 
;-x0-1 0.67 0.7.: 0.61 0.73 0_61 0.70 0.55 0.69 
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