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The absorption spectrum of the silver perchlorate-pyridine system was measured in 
acetonitrile and ethanol in the wavelength region of 180 m~z to 400 m~z. I t  was found that the 
solution exhibits a new shoulder in the 210 m~ region characteristic for the 1 : i  complex, in 
addition to the absorption maxima at 196 m~ and 253 m~ which correspond, respectively, to 
the L~ and L~ bands of pyridine. From the concentration dependence of the absorption inten- 
sity of this shoulder, the equilibrium constant for 1 : l  complex formation was determined to 
be 108 1/mole at 26 ~ Furthermore, we studied theoretically the electronic structure of this 
complex by the method of the localized orbital model, the effect of the solvation energy upon 
the charge-transfer configurations being taken into account. The theoretical results show 
that the new absorption band at 207.5 m~ has to considerably great extent the character of 
a charge-transfer type excitation. 

Das Absorptionsspektrum des Systems AgClO4-Pyridin in Acetonitril- und ~thanol- 
LSsung wurde im Bereich yon 400 - :180 m~ vermessen. Es $reten Absorptionsmaxima bei 
196 und 253 m~ auf, die der L~- bzw. L~-Bande des Pyridins entsprechen; daneben eine Schul- 
ter bei 207 m~ als Charakteristikum des I : l-Ag+-Pyridin-Komplexes. Aus der Konzentra- 
tionsabhiingigkeit der Intensiti~t dieser Schulter folgt als Gleichgewichtskonstante der Kom- 
plexbildung k = 108 1/Mol (26 ~ aus der Temperaturabh~ngigkeit zJH = 4,5kcal/Mol, 
AS = - 6  C1 in guter Ubereinstimmung mit polarographischen Ergebnissen. Weiterhin wurde 
die Elektronenstruktur mit der Methode der Molekfile in Molekiilen unter Beriicksichtigung 
yon Solvatationseinflfissen untersucht. Danach ist die neue Schulter als Ladungsfibergangs- 
bande zu klassifizieren. 

Mesure du spectre d'absorption du systbme AgC1Q-Pyridine en milieu ac6tonitrile ou 
6thanol dans le domaine 400 - 180 mEz. On obtient des maxima d'absorption vers 196 et 253 m~ 
eorrespondant aux bandes L~ et Lb de la pyridine; un @aulement vers 207 m9 est caract@ris- 
tique du complexe i:l-Ag+-Pyridine. D'apr~s la variation de l'intensit6 de cet @paulement 
avec la  concentration on obtient comme constante d'6quilibre du complexe k = 100 1/Mol 
(26 ~ et ~ partir de la variation avec le temp4rature d H  = 4,5 kCal/Mol, AS = - 6  C1, en 
bon accord avec les r6sultats polarographiques. De plus la structure 61ectronique est 6tud6e & 
l'aide de la m6thode des mol6eules dans les mol6cules en consid6rant les effets de solvatation. 
On en d6duit le caract~re de bande de transfert de charge de cet @paulement. 

I. Introduction 

Thes fiver cat ion is known to be an electron acceptor  and to form charge- 

t ransfer  (abbrevia ted  hereaf ter  to CT) type  complexes wi th  var ious electron donors 

such as benzene [l], i ts der iva t ives  [2], unsa tu ra t ed  al iphat ic  hydrocarbons  [3, 4], 
amines,  and so on. Of these, the silver cat ion complexes wi th  hydrocarbons  have  
h i t h e ~ o  been s tudied ex tens ive ly  f rom the  v iewpoint  of  CT interact ion.  ANDREWS 
and KEEFEIr carr ied out  a series of  exper imenta l  studies on the  silver cat ion corn- 
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plexes of  several aromat ic  hydrocarbons  [2a]. They  determined the format ion 
constants  for the toluene-silver cation complex by  the aid of  solubility measure- 
ment  and measured the ultraviolet  spectrum of the aqueous solution containing 
silver perehlorate and toluene [2b]. The silver cation-olefine complexes were in- 
vest igated by  LvcAs et al. [3]. They  measured the distr ibution ratios of  olefines 
between silver salt solution and organic solvent, and determined the format ion 
constants  of these complexes. KosoYA and NAGA~U~A found a new absorption band  
at 220 ~ 230 m~ for the cyclohexene-silver cation system and showed theoret ical ly 
t ha t  the corresponding transi t ion has CT character  to a considerable extent  [4]. 

On the other  hand,  spectrophotometr ic  studies on the CT interact ion of  the 
silver cation with heterocyclic amines have scarcely been carried out.  PEARD and 
PFLAV~ [5] measured ultraviolet  and infrared spectra of  various solutions con- 
taining Ag+ and heteroeyc]ic amines, bu t  t h e y  could not  recognize a change of  the 
ultraviolet  absorpt ion spectra of unidenta te  amines like pyridine and its derivatives 
by  complex format ion with silver cation, l~ecently, MULLIKE~ and PErsoN [6] 
have given theoretical  consideration to  the CT interact ion between the silver 
cation and pyridine,  and have predicted t h a t  the CT band  of  this complex might  
appear  at  225 m~ (5.51 eV). For  the purpose of  finding experimental ly  the pre- 
dicted CT band,  we under took to  s tudy  spectrophotometr ical ly  the silver cation- 
pyridine system. Fur thermore ,  theoretical  studies have been carried out  on the 
electronic structure of  the complex. 

II. Experimental 
Silver perchlorate of G. I~. grade was purified by recrystallization from perchloric acid. 

Acetonitrile used as a solvent was refluxed first for 10 h with calciumhydride, next for half an 
hour with phosphoric oxide and then again with calciumhydride and was finally distilled. 
Ethanol was purified by the usual method [7]. Pyridine and the apliphatic amines were used 
after distillation. 

~qear ultraviolet absorption spectra were measured with a Cary recording spectrophoto- 
meter model i4 M. Vacuum ultraviolet absorption spectra below 200 m~ were measured with 
a vacuum ultraviolet spectrophotometer constructed in our laboratory [8]. 

Silver salts are known to form two kinds of coordination compounds with pyridine; 
namely, i :1 and i :2 complexes. In solution these two complexes exist in equilibrium and the 
l : 2 complex precipitates as white crystals by the addition of an excess amount of pyridine. 
We measured the spectra of the complexes under the conditions that the silver cation exists 
in excess in the solution. Solvents used in the present study are acetonitrile, ethanol and water. 
The acetonitrile solution of silver perchlorate is more transparent than the ethanol or aqueous 
solution. Therefore the measurements were carried out mainly with the aeetonitrile solutions. 

Experimental Results and Determination of Thermal Constants 

The near and vacuum ultraviolet  absorpt ion spectra of  acetonitrile solutions 
containing various amounts  of  the silver cat ion (10 -3 N 10-2 M) and a fixed con- 
centrat ion of  pyridizle (4.57 • l0 -3 M) are shown in Fig. in. They  have a band  at  
250 m~;  its position is a lmost  equal to t h a t  of the absorpt ion band  of  free pyridine, 
but  its intensi ty  increases as the concentrat ion of  the silver cat ion becomes higher*. 

* This increase in the intensity might be thought to be due to the effect of the ionic 
strength of the solution. In order to check this point, the spectrum of a solution containing 
sodium perehlorate instead of silver perehlorate, and pyridine was measured. The result 
showed that the intensity of the band near 250 rail is equal to that of free pyridine and the 
effect of the ionic strength is negligibly small. 



212 Y. BINDO and S. NAGAKURA: 

As  is seen  f r o m  Fig.  i ,  a b s o r p t i o n  i n t e n s i t y  n e a r  210 m F increases w i t h  in-  

c reas ing  c o n c e n t r a t i o n  o f  t h e  s i lver  ca t ion .  Th i s  i n c r e m e n t  in  t he  a b s o r p t i o n  

i n t e n s i t y  m a y  be  i n t e r p r e t e d  f r o m  t w o  d i f fe ren t  v i ewpo in t s .  One of  t h e m  is t h a t  

1~2 a 200 222, 2~0 m, 1 
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Fig. t .  The near and vacuum ultraviolet absorption spectra of AgClO 4 plus pyridine in CttaCN. 
The dashed lines show the absorption spectrum of pyridine, a) Solutions t ,  2 and 3 contain 
the same ~mount of pylidine (4.57 x 10 -8 M) and different amounts of AgC104 (l : 3.70 z 
10 -3 M; 2 : 1.2i z l0  -2 M; 3 : 4.48 x l0  -a M). b) The concentrations of pyddine and AgC104 

are 3.02 x l0  -a M and 1.23 z i0  -s M, respectively 
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a new band characteristic of the i : i complex formation appears near 2i0 m~ *. 
The other is that the La band of pyridine at i96 m~ shifts to longer wavelengths 
by the complex formation. In order to check the latter possibility, we measured 
the vacuum ultraviolet spectrum of the Ag+-pyridine system in acetonitrile with 
the result given in Fig. lb.  This figure shows tha t  the La band of pyridine does 
not show an observable shift by  the interaction with the silver cation. Therefore 
the latter of the above-mentioned two interpretations may  safely be disregarded. 

In  the solution containing the silver cation and pyridine, there exist the 
following two equilibria: 

(Ag Py)+ (i) Ag+ + p y  = (Ag Py)+ /cl - (Ag+) (py) 

(Ag Py2) + 
(Ag Py)+ + p y  = (Ag Py~)+ ks -- (Ag Py)+ (Py) " (2) 

Since absorption measurements were carried out with solutions containing an 
excess amount  of silver cation, we took account of only (1) and disregarded (2). 
We tried to explain quanti tat ively the absorption intensity increment in the 
210 m~ region on the basis of equilibrium i.  In  the region near 210 m~, Ag+, 
pyridine and (Ag Py)+ all show absorption. Let  us designate the initial concentra- 
tions of Py  and Ag + as a and b, respectively, the molar extinction coefficients of 
Py, Ag + and (Ag Py)+, respectively, as sa, Sb and ec, and the concentration of 
(Ag Py)+ as x. The observed absorbance d can be given as follows: 

d-= s a ( a -  x) + sb(b- -  x) + s ~ x  = (Saa + Sb b) + (so- -  s ~ - -  sb) x 

= d 0 -~ (8c - -  Sa - -  8b) X (3) 
and 

X 

/~1 - (a  - x)  (b - x)  ( 4 )  

We actually measured the spectra of twelve solutions of different concentrations 
and could evaluate sc and k 1 from various sets of observed d values by the aid of 
Eqs. (3) and (4). The sc and k 1 values evaluated from various sets were found to be 
constant. The equilibrium constant kl was finally determined to be 108 (mole/l) -1 
at 26 ~ This value is well coincident with tha t  determined by  B~VEI~L~AN and 
V w ~ o ~ K  [9] from polarography experiment at 25 ~ 

Fig. 2 shows the relation of (ec -- ea - Sb) and ec versus wavelengths. On the 
assumption tha t  the absorption spectrum of the complex in the 210 m~ region is 
the superposition of rather  unaltered bands of the components and a new band, 
~c -- sa - e~ may  be regarded as the extinction coefficient of the new band charac- 
teristic of the CT interaction between the silver cation and pyridine. The curves 
show tha t  the maximum of the CT band appears at  207.5 m~ and the peak molar 
extinction coefficient is 3.3 N 3.5 • i0 ~. 

Similar measurements were carried out at  0 ~ with the results given in Fig. 3. 
Fig. 3 is a diagram of D -- D o = (d - do)l (1 is the length of the optical path.) used 
for the analysis of the observed spectra. This figure, in which results measured at  
26 ~ are also given for the purpose of comparison, shows tha t  the absorption 

* In ~he ethanol solution of the silver-pyridine complex, a new band appears at about 
220 m~ more clearly than in the acetonitrile solution. 
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intensity in the 210 m F region measured at  0 ~ is greater than tha t  at  26 ~ This 
intensity change with temperature was found to be reversible. From the analysis 
of the results at  0 ~ the equilibrium constant was determined to be 226 (mole/l) -t. 
The temperature dependence of the equilibrium constant makes it possible to 

500C 

400C 

300C 

2 000 

IOOC 

0 
205 210 215 m~u 

]~ig. 2. The molar extinction coefficient-wavelength curves; e~: molar extinction coefficient for 
pyridine, e~: molar extinction coefficient for silver cation, e~: molar extinction coefficient for 

pyridine-silver cation complex 

evaluate the enthalpy and entropy changes due to complex formation. The result 
is as follows: 

AH = --4.5 keal/mole,  AS = - 5 . 8  e.u. 

These values are in good agreement with those obtained by the aid of polarography 
[9] : namely, 

AH = --4.6 kcal/mole,  AS ---- - 6 . 2  e.u. 

III. Theoretical 

The new absorption band at  210 m F may  be regarded as the CT band from the 
pyridine molecule to the silver cation. In  order to s tudy this point theoretically, 
we carried out a calculation of the electronic structure of the pyridine-silver 
complex. 

Since the geometrical structure of this complex has not yet  been determined, 
we assumed the bond length between the silver cation and nitrogen a tom of 
pyridine as 2.40/~ from the distances between the metal  cation and the ligands in 
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l'O[a b c 

/ i /  / ~,\ 
+ \ \  

200 210 200 210 200 210 m~J 

Z 
Fig. 3. The D - D0-wavelength curves at 0 and 26 ~ - -  at 0 ~ . . . . . .  at 26 ~ 
a) [Ag+] = 1.232 • 10 -~ M, [Py] = 5.68 • t0 -ah{; b) [Ag+J = 6A6 • 10 -3 M, [Py] = 5.68 • 

i0 -3 M; e) [Ag +] = 8.2t • I0 -8 M, [Py] = 3.02 • t0 -3 5{ 

such complexes as Co2+-pyridine (rco-~ = 2. i2  A), Cu~+-pyridine (rcu-~ ---- 2.02/ix) 
[i0] and Ag+-dioxane (rAg-o = 2.46 A) [ i l l  which have hi therto been reported.  I n  
actual  calculation, we took 6 ~ electrons and 2 nonbonding electrons of the nitro- 
gen a tom for pyridine and l0  d electrons for the silver cation and adopted  the 
method  of  localized orbital model (molecules in molecule method  or method  of  
composite system). Tha t  is to say, we considered the configurational interact ion 
among the ground,  CT and locally-excited configurations which are brought  about  
by  put t ing  i8  electrons into the appropriate  orbitals of  the components  pyridine 
and silver cation. The procedure is similar to t ha t  used for the calculations of  
olefine-silver cat ion complexes [4]. 

The 7~-electron molecular orbitals of  pyridine calculated by  NISHI~OTO and 
MATAGA [t2] were used. Now let us represent the six ~ orbitals and the non- 
bonding orbital of  pyri4ine by  t ( - 1 4 . 3 1 8  eV), 2 (--11.435 eV), 3 (--10.763 eV), 
4 ( - - t .577 eV), 5 ( - 1 . 2 9 0  eV), 6 (1.638 eV) and n, and the five d orbitals of silver 
cation by  d 1, d~, d3, d 4 and d 5. The wave funct ion of  the ground configuration can 
be given by  the following equat ion:  

I n  addit ion to the ground configuration, the locally excited configurations (LE) 
corresponding to 2 -+ 4, 3 -~ 5, 2 -+ 5 and  3 -+ 4 transit ions in the pyridine molecule 
and 4d~ -* 5s transit ions in the silver cation, the CT configurations corresponding to 

15 Theoret. chim. Acta (Berl.) Vol. 9 
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Fig. 4. The ultraviolet absorption spectra of acetonitrile solutions containing some aliphatic 
amines and silver perchlorate.- . . . . .  Amine [a)diethylamine, b)n-propylamine]; 

complex 

n-* 5s, n-~ 5pl, 2-~ 5pi,  2 - .  5s, 3-* 5pi transitions, and the back CT configurations 
corresponding to dzx ~ 4, dxy -* 5, dzx -* 5, dxy -~ 4, dz~ ~ 4, dyz -~ 5 and dx~-y~-~ 4 
transitions were taken into account. 

In  calculating the energies of the CT and back CT configurations, we must 
consider the solvation energy of the silver cation in acetonitrile. This is because 
the difference A in the solvation energy between the ground configuration and the 
CT configuration may be considerably large. For the purpose of estimating the zJ 
value, we measured the spectra of the systems containing the silver cation as 
electron aceeptor and various aliphatie amines as electron donor. I t  may be ex- 
pected that  the A value can roughly be estimated from the transition energies of 
CT bands observed with these systems ff the ionization potentials of the donors 
are known. 

In  actuality, triethylamine, diisopropylamine, diethylamine, isopropylamine, 
n-propylamine and t e r t -bu t y lamine  were used as electron donor. The results of the 
Ag+-diethylamine and Ag+-n-propylamine systems taken as examples are shown 
in Fig. 4. As is clearly seen from this figure, these systems exhibit new absorption 
bands due to the CT interaction between electron donor and acceptor. The transi- 
tion energies vet  corresponding to the peaks of these bands are shown in the second 
column of Tab. i. By varying the concentration of the silver cation and amines, it 
became clear that  the new peaks are due to the lAg Amine]+ complex, and the 

Table 1. The absorption spectra of silver-amine complexes in aeeto- 
nitrile and the solvation energy o/ the silver cation. (c = - 0.30) 

amine vet In [1t] fl A 

N(C~H~) a 5.74 eV 7.50 eV -0.456 eV 5.67 eV 
l~H(iso-CsHv) 2 5.85 eV 7.73 eV -0.463 eV 5.55 eV 
NH(C2H~) 2 5.88 eV 8.01 eV -0.47i eV 5.26 eV 
l~H2(t-C4I-Ig) 6.02 eV 8.64 eV -0.494 eV 4.59 eV 
l~H2(iso-CaHT) 5.96 eV 8.72 eV - 0.490 eV 4.79 eV 
NH2(n-CsH~) 5.96 eV 8.78 eV - 0.493 eV 4.65 eV 



AgClOt-Pyridine Complex 217 

~ ~ 

. ~  

g ~  

I 

§ 

§ 

~ .  ~. 
I 

I Ill 

N N ~ N N ~ N ~  

b 

o0 

I 

~q 

I 

~b 

q- 

b 

l 
cq 

I 

i 

§ 

+ 

+ 

[Ag Amin%]+ complex has in this region a tail of an absorption band with the 
maximum < 200 m~. The details of this point are described in the Appendix. 

Now let us try to evaluate the A value by combining the observed vet given 
in Tab. l with the following formulae derived easily by considering the interaction 
between the ground and the CT configurations on the assumption of neglecting 
the overlap integral: 

~c~ = V z ~  + 8~2 (5) 

EcT = I n  - -  Ang § A . (6) 

1 5 "  
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Furthermore, the core resonance integral fi was calculated by the following equa- 
tion [i5] : 

/~ = cS(In + IAg)/2, (7) 

where c is a parameter and several values from -0 .22  to -0 .48  were taken in the 
present calculation. In  Eq. (6), In and AA~ are the ionization potential of the lone 
pair electron of amine [i3] and the electron affinity of the silver cation (7.57 eV), 
respectively. S in Eq. (7) is the overlap integral between the appropriate orbitals 
belonging to the nitrogen atom and the silver cation. On the assumption that  the 
distance between Ag+ and N is 2.40 A in all the complexes, we evaluated S(n, 5s) 
as 0.20 [i4]. By introducing the observed vcT values into Eq. (5), we can evaluate 
A's for the complexes. They depend on the selected value of the parameter c. The 
values for c = - 0 .3  are listed in Tab. I. 

According to Tab. l ,  the A values increase gradually in the order of primary 
amine < secondary amine < tert iary amine. For the case of pyridine, it may be 
reasonable to take the value for N(C~Hs) 3, for example A = 5.67 eV for c = -0 .3 ,  
because these two molecules are similar to each other in the point that  they have 
no hydrogen atom directly connected to nitrogen. The energies of CT configura- 
tions given in Tab. 2 were evaluated by introducing the observed or calculated 
ionization potentials and electron affinities of appropriate orbitals into Eq. (6). 

The matrix elements necessary for the configuration interaction calculation are 
given in Tab. 2, being classified into the irreducible representations of C2v. The 
notation BCT denotes a back CT configuration. A' in Tab. 2, the stabilization 
energy due to the solvation for the back CT configuration was tentatively evaluated 
as ~ A [4]. In  the evaluation of the matrix elements given in Tab. 2, the zero- 
differential overlap approximation was adopted [i6] and two-center Coulomb re- 
pulsion integrals of the (pp [ qq) type were evaluated by the aid of the uniformly 
charged sphere model [i6]. In the present calculation, the core resonance integral 
fi was estimated by Eq. (7), the parameter c being taken to be different for a and 
type interactions. That  is to say, the value of c was assumed to be changeable in 
the range from -0 .22  to -0 .48  for fi(n, 5s), fi(n, 5pz) and fi(n, dz~), and to be -0 .8  
for the other fi values. The smaller ] c I value for a type interactions were adopted 
for the n, 5s; n, 5pz; n, dz ~ combinations, because the overlap integrals for these 
combinations are generally overestimated so far as we used the single Slater AO's. 

IV. Results and Discussion 

The calculated energies and wave functions for the ground and lower excited 
states are shown in Tab. 3 for the case of c = --0.3 for a type interaction fi and 
A = 5.67 eV. This A value seems to be reasonable or at least not to be absurd, in 
view of the fact that the solvation energy of the silver cation in aqueous solution 
amounts to 5.56 eV [17]. The transition energies and oscillator strengths calculated 
from the state energies and wave functions shown in Tab. 3 are given in Tab. 4. 
In this table, the observed values are also shown for the purpose of comparison. 
The depenpence of the transition energies upon c are graphically shown in Fig. 5. 

The present calculation shows that the sum of contributions of the CT configu- 
rations to the ground state amounts to 2 ~/o and brings about the energy stabiliza- 
tion of about 9 kcal]mole. In comparison with the observed stabilization energy 
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Table 4. The calculated and observed transition energies and 
osvillator strengths 

Transition Transition energy (eV) Oscillator strength 
cacld, obsd. cacld, obsd. 

w# ~- w# 5 . 3 3  ~.90 0.09 0.05 
W~ +- W~ 5.62 5.97 0.04 0.03 
W~ +- W~ 6.61 6.37 0A6 - -  

w ~  w~' 6 . 6 3  0.05 - -  

meaningless to compare directly the calculated stabilization energy due t o  CT 
interaction with the observed one. 

I t  is revealed from the calculated wave functions that  the lowest excited singlet 
state, W~, has the character of local excitation within pyridine and the W B ~- W0 A 
transition band corresponds to the Lb band of pyridine. This theoretical conclusion 
is completely reasonable from the similarity in the intensity and shape between 
the observed 250 m~ band of the complex and that  of pyridine itself. The calculated 
transition energy is greater by 0.43 eV than the observed one. 

The second lowest excited singlet state, W A, is mainly composed of CT(n -~ s) 
and LE(dz  2 -~ s) configurations. The observed 210 m F band may safely be assigned 
to the W A ~- Wo A transition from the comparison of the cMenlated and observed 
values concerning transition energies and oscillator strengths. The third longest 
wavelength band of the complex which appears at t80 mF corresponds to the 
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Fig. 5. The dependence of the transition energies A W (eV) upon c for the a type interaction. 
. . . . . .  for b 1 symmetry states, ~ for a 1 symmetry states 
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overlapped ~ransitions of W A *- W~ and  W A *- W~. l~rom the wave funct ion  of 
the W A state given in  Tab.  3, the W A *- W~ t rans i t ion  is known to have ~he 

character of the local exci ta t ion (La b a n d  t rans i t ion)  wi th in  the pyridine.  On the 
other hand,  the W~ ~- We ~ t rans i t ion  m a y  be regarded as a CT(n ~ s) ~ransition. 

Appendix 
We will discuss the absorption peaks observed with silver cation-aliphatic amine complexes, 

taking the Ag+-lqH(C2Hs)~ system as an example. As for this system, the equilibrium con- 
stants for the 1 ::1 and 1:2 complex formations were determined to be log k 1 = 2.98 and log k 2 
= 3.22, respectively, by the aid of electrometric measurement [18]. Considering both equili- 

bria, the concentrations of free Ag +, free IqH(C2Hs)2, lag NH(C2Hs)2] + and lag (NIK(C2Hs)2)2] + 
were evaluated for several solutions with different initial concentrations of AgClOa and 
/~H(C2Hs) 2. From the comparison of the evaluated concentrations of lag NH(C2I-I5)2] + and 
[Ag (IqH(C2Hs)2)2] + with the observed absorption intensity in the 200 --220 m~ region, it was 
derived that the [Ag NH(C2Hs)2] + complex has an absorption maximum at 211 m~ and the 
lag (NH(C~Hs)~)2] + complex shows in this region only an tail of the absorption with the 
maximum below 200 m~. Since the equilibrium constants for the pyridine-Ag+ system are 
smaller than those of Ag+-NH(C2Hs)2 system, under the present experimental conditions, the 
existence of the 1 : 2 complex can safely be disregarded. 
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complex. 
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