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frequencies of the 3 A 2 ,  -t 3Tze and 3 A ~ g  + 4T1,(P) to  
calculate6 3A2, 4 3T1,(F) for an octahedral complex, 
a value of 15,993 em.-' is obtained compared to an 
experimental value of 16,502 em.-'. The ratio of the 
frequencies for the transitions to 3T1,(F) and 3Tzg is 
1.68, which is in agreement with that expected for an 
octahedral complex. 

When the nitrate complex is dissolved in nitro- 
methane, a blue-green solution is obtained whose elec- 
tronic spectrum and conductance value indicate that 
the same species is formed as in dichloromethane solu- 
tion. When excess pyridine is added, a solution is 
obtained uhose color is blue and whose electronic 
spectrum has shifted to lower wave lengths. A con- 
ductance measurement indicates that one nitrate ion 
has been removed from the coordination sphere of the 
nickel ion. This phenomenon, which does not occur in 
dichloromethane, can be attributed to  the higher di- 
electric constant of nitromethane. 

The cyanate complex is soluble in nitromethane with 
excess pyridine added. The electronic spectrum is 
identical with that of the dichloromethane solution 
previously mentioned. The conductance value indi- 
cates that no ionic species are present despite the excess 
pyridine and suggests that  the species present is Ni- 
(C&LN)4(NCo)g. 

Acetonitrile and Benzonitri1e.-The absence of free 
pyridine in the solution of the perchlorate complex in 
benzonitrile and the marked difference in the elec- 

species in solution is Ni(C5HjN)?(CsH5CPIIT)22f. The 
addition of excess pyridine has no effect upon the elec- 
tronic spectrum of this solution. The behavior of the 
n.m.r. signal is further evidence for benzonitrile co- 
ordination as manifested by a contact shift. The con- 
tact shift, an increase in line width and a shift to 
higher or lower fields, is typical for ligand protons in 
complexes of paramagnetic metal ions. l 3  Unpaired 
electron spin is delocalized onto the ligand through u 
or n electron systems, affecting shielding and relaxa- 
tion times. The stability of this species in the pres- 
ence of excess pyridine is probably due to less steric 
strain when the ligands on the z axis are benzonitrile 
than when they are pyridine. 

In acetonitrile, a better base than benzonitrile for 
electronic and steric reasons, the species produced 
when the perchlorate complex is dissolved contains less 
than four coordinated pyridine molecules. Addition 
of excess pyridine does not change the electronic spec- 
trum. The complex is formulated on the basis of the 
f ar-infrared measurements as Xi ( C Z H ~ N ) ~  (CH3CN)42 +. 

As in the case of the benzonitrile solvent, acetonitrile 
coordination is indicated by the n.m.r. contact shift 
of the acetonitrile protons. 
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The preparation of the bis 2-,  3-, and 4-cyanopyridine complexes of copper(I), silver(I), and gold(1) perchlorates and the 
tris 3-cyanopyridine complex of silver(1) perchlorate is described. Because both the nitrile group and the pyridine group 
in the cyanopyridine are capable of coordinating strongly with these ions, the infrared spectra of the complexes were ex- 
amined to  determine the coordination site of the metal ions. In 3- and 4-cyanopyridine, the metal ions are bound to the 
pyridine nitrogen, and in 2-cyanopyridine they are bound to the nitrile nitrogen. 

An attempted extension of a previously reported 
study from this laboratory1 on solvent-effected re- 
orientation in the coordination sphere of metal ions of 
organic ligands with two active functional groups has 
led us into this study of the cyanopyridine complexes 
of copper(I), silver(I), and gold(1) ions. Both the ni- 
trile group and the pyridine group in the cyanopyridine 

(1) F. Farha and R. T. Ixainoto, J .  Electioaiinl. Cheiit., 8 ,  55 (1964). 

are capable of coordinating strongly with these ions. 
The preferential coordination of metal ions by one group 
rather than by the other and the relative ability of the 
three cyanopyridines to form complexes with these 
metal ions depend upon polar, resonance, and steric 
effects. Preparation and analysis of ten metal corn- 
plexes of 2-, 3-, and 4-cyanopyridine arc reported. The 
position of the metal ion in these complexes is deduced 
from infrared spectral data. 
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Experimental 
The organic solvents were purified by treatment with appropri- 

ate reagents and fractional distillation. Reagent grade 2-butanol 
was treated with calcium hydride and sodium borohydride, re- 
fluxed for 1 hr., then fractionally distilled. Reagent grade aceto- 
nitrile was dried over and distilled from phosphorus pentoxide. 
Kitroethane was passed twice through a 2.5 cm. (i.d.) X 35 cm. 
column of neutral Woelm chromatographic alumina, activity 
grade 1, and fractionally distilled. Spectroscopic grade carbon 
tetrachloride was used without further purification. 

Anhydrous silver perchlorate and hexaaquocopper( 11) per- 
chlorate (G. F. Smith Chemical Co.) were dried in a vacuum 
oven a t  70” and stored over anhydrous magnesium perchlorate. 
Purified precipitated gold metal powder from Fisher Scientific 
Co. and 2-, 3-, and 4-cyanopyridine from Aldrich Chemical 
Co. were used without purification. Analytical grade copper 
wire was cleaned in dilute nitric acid prior to use. Nitrosyl 
perchlorate was prepared by passing into 70y0 reagent grade 
perchloric acid the oxides of nitrogen liberated by the dropwise 
addition of concentrated nitric acid to solid sodium nitrite. The 
nitrosyl perchlorate precipitate was collected in a nitrogen atmos- 
phere on a sintered glass filter and washed thoroughly with dry 
analytical grade ethyl acetate. The dry nitrosyl perchlorate 
was stored in a desiccator over phosphorus pentoxide. Bis- 
(acetonitrile)gold(I j perchlorate was prepared according to the 
method reported by Bergerhoff .z 

The infrared spectral data were obtained with a Perkin-Elmer 
model 421 spectrophotometer. Nujol and Halocarbon mulls 
pressed between sodium chloride windows were used in the 4000 to 
600 cm.-’ region, and Nujol mulls pressed between thin polyethyl- 
ene sheets, “Baggies,” were used in the 800 to 300 em.-’ region. 

Preparation of Cyanopyridine Complexes.-The 2-, 3-, and 4- 
cyanopyridine complexes of copper( I )  and silver(1) perchlorate 
were prepared by the addition of a 2-butanol solution of cyano- 
pyridine to a 2-butanol solution of the metal perchlorate. The 
mole ratio of added cyanopyridine to metal ion was 1 O : l .  
The resulting precipitate was washed with 2-butanol and with 
dry ether and either air dried or dried in an oven at  100’. This 
procedure gave 2: 1 complexes, except with 3-cyanopyridine and 
silver( I) perchlorate, in which case a 3 : 1 product was obtained. 
The 3 1 complex was converted readily to the 2 :  1 complex by 
washing with hot 2-butanol. The 2: 1 complex of 3-cyanopyri- 
dine and silver(1) can be made directly by lowering the amount of 
excess ligand. Solutions of copper(1) perchlorate in 2-butanol 
were prepared by the treatment of deoxygenated 2-butanol solu- 
tions of copper(I1) perchlorate dihydrate with copper wire a t  a 
temperature of approximately80” until the solutions became color- 
less. During the course of the heating, a stream of nitrogen was 
passed through the solution to prevent copper(1) ion from being 
air oxidized. Deoxygenated cyanopyridine solutions were added 
to the copper(1) solutions. 

Bis(4-cyanopyridine)copper(I) perchlorate is yellow. Bis(2- 
cyanopyridine)copper(I) perchlorate and bis(3-cyanopyridine)- 
copper(1) perchlorate are white. All of the silver(1) complexes 
are white. 

The 2-, 3-, and 4-cyanopyridine complexes of gold(1) per- 
chlorate were obtained by the following procedure: Bis(aceto- 
nitrile)gold( I )  perchlorate was dissolved in a mixture of nitro- 
ethane and carbon tetrachloride. Cyanopyridine, dissolved in 
the same solvent mixture, in the mole ratio of 10: 1 cyanopyridine 
to gold(I), was then added. The cyanopyridine complex of 
gold(1) perchlorate was precipitated by adjusting the relative 
proportion of carbon tetrachloride and nitroethane and by 
lowering the temperature. The gold(1) cyanopyridines were 
washed with dry ether, air dried, and stored in a desiccator over 
anhydrous magnesium perchlorate. 

After long storage, 
however, they take on a slightly purple tint, indicating the 
presence of a small amount of gold metal. 

All of the gold(1) complexes also are white. 

(2) G .  Bergerhoff, Z.  U72OVg. allgem. chem., 327, 139 (1964). 

Analysis of Complexes.-Copper(1) ion in the complexes was 
determined by treating the complex with dilute nitric acid and 
titrating with standard disodium ethylenediaminetetraacetic 
acid in an ammonia-ammonium chloride buffer solution with 
murexide as the indicator. 

Silver ion was determined gravimetrically as silver chloride by 
precipitation from a dilute nitric acid solution. 

Gold(1) ion was determined by polarography in acetonitrile 
0.1 M in lithium perchlorate. The diffusion current a t  0 v.  
us. s.c.e. was found to be proportional to the gold(1) concentra- 
tion. The gold( 1)-cyanopyridine complexes in polarographic 
concentration appear to be dissociated completely in acetoni- 
trile. 

The perchlorate content of the copper(1) and silver(1) com- 
plexes was determined gravimetrically by precipitation of the 
perchlorate as the tetraphenylarsonium salt. 

3- and 4-cyanopyridine were analyzed by (1) acid-base titra- 
tion in glacial acetic acid and (2) spectrophotometry. For 2- 
cyanopyridine, only the latter method worked successfully. 

Standard 0.1 N perchloric acid in glacial acetic acid (excess 
acetic anhydride is present) was used to titrate the cyanopyridines 
in acetic acid 0.1 M in lithium chloride. The titration was fol- 
lowed potentiometrically with a glass and silver-silver chloride 
electrode system. For 3- and 4-cyanopyridine, approximately 
100-mv. breaks were obtained, whereas for 2-cyanopyridine, no 
break was observed. The titration curves indicate that in glacial 
acetic acid the pyridine group of 4-cyanopyridine is slightly more 
basic than the pyridine group of 3-cyanopyridine and that of 3- 
cyanopyridine is more basic than that of 2-cyanopyridine. 

For spectrophotometric analysis of 2-,  3-, and 4-cyanopyridine, 
the complex is dissolved in acetonitrile. The absorptions of 
2-, 3-, and 4-cyanopyridine follow Beer’s law a t  Xmax 265, 240, 
and 255 mp, respectively. The three cyanopyridines have the 
following molar absorptivities: 3.29 X 103, 2.17 X lo3, and 2.85 
X 103. The presence of metal ion (copper(I), silver(I), or gold(1)) 
does not alter the spectra of the cyanopyridines in acetonitrile. 
A Cary Model 14 recording spectrophotometer was used. 

Results 
The empirical formulas of the different complexes are 

presented in Table I. In Table 11, we have tabulated 
the infrared data on the nitrile stretching vibration, 
the symmetric and antisymmetric C-C and C-N 
stretching vibrations, and the first and second ring 
breathing vibrations. 

Discussion 
Structure of the Cyanopyridine Complexes.-The 

coordination site of copper(I), silver(I), and gold(1) 
ions in their complexes with 2-, 3-, and 4-cyanopyridine 
has been determined from the nitrile stretching, C-C 
and C-N(ring) stretching, and ring breathing fre- 
quencies of the free bases and the complexes. 

When the free pair of electrons on the nitrogen of a 
nitrile is involved in coordination, the stretching fre- 
quency of the nitrile group is shifted to a higher value 
than that for the free nit~-ile.~-ll The nitrile stretching 
frequencies of the cyanopyridines and their copper (I), 
silver(I), and gold(1) complexes, therefore, should pro- 

(3) H. J. Coerver and C. Curran, J. Am. Chem. Soc., 80, 3522 (1968). 
(4) T. L. Brown and M. Kubota, ibid. ,  83, 331 (1961). 
(5) T. L. Brown and M. Kubota, ib id . ,  83, 4175 (1961). 
(6) W. Gerrard, M.  F. Lappert, H. Pysyora, and J. W, Wallis, J. Chem. 

(7) M. Kubota and S. R. Schulze, Inovg. Chem , 3 ,  853 (1964). 
( 8 )  I. Matsubara, Bull. Chem. Sac. Japan, 34, 1710 (1961). 
(9) 2. Kecki and J. Witanowski, Roceniki Chem., 38,691 (1964). 
(10) I. S. Perelygen, Opt. Spectvy., 13, 198 (1962). 
(11) H. Lott, unpublished results. 

Soc., 2182 (1960). 
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TABLE I 
EMPIRICAL FORMULAS OF THE COPPER( I), SILVER(I), AND GOLD( I )  CYANOPYRIDINE COMPLEXES~ 

Ligand Cu(1) complexes Ag(1) complexes au(1) complexesb 

4-Cyanopyridine CUI .ooRz.zs( C104)i. oo Ag,.ooRz.oo(C104),,oo Aui.ooRz,oa( C104)o. 9; 
3-Cyanopyridine Cul.ooR1.94(ClO4)o g i  Agi , ooR2. o ~ (  C1Oa)i. oo Aui.ooRa,oo( C104)o. 97 

2-Cyanopyridine Cui.ooRz.oi(C104)i.oo Agi.ooRz.o-i( ClOa)i.oz Aui .ooRi. C104)1.00 
Ag1,ooRz. 97( c1O*)i.o7 

Average of a t  least three determinations on cach analysis. Perchlorate evaluated by difference. 

TABLE I1 
INFRARED DATA‘ 

Siti i led -----------C-C and C-S stretchingc------- --Ring breathingd-- 
Compound’ stietching (1) ( 2 )  (3) (4) 1st  2nd 

4-Cyanopyridine 2240 1591 1535 1490 1408 9x5 1078 
Cu( 4-c.  1’. )&lo* 2240 1602 1540 1490 1417 1057 1092 

Ag(4-C.P.)aClOa 2240 1600 1541 1497 1416 1060 1085 
Au(4-C.P. )tClOa 2240 1615 1540 1495 1425 1045 1082 

1597 1408 

3-Cyanopyridine 

Cu(3-c. P I )aC104 

Ag(3-C.P. )&lor 

Au(3-C.P. )LC104 

Ag(3-C.P.)zClOa 

2225 1582 1552 1460 1410 967 1008 

2250 1592 1567 1470 1412 1025 1082 
2235 1595 1567 1475 1418 1025 1075 
2240 1595 1567 1475 1417 1028 1082 
2247 
2262 1605 1570 1475 1427 1023 1075 

1389 

1418 

3-Cyanopyridinium chloride 2245 
2-Cyanopyridine 2235 1595e 1570’ 1461 1430 985 1038 

Cu(2-C.P.)1C104 2260 1585 1565 1472 143 1 985 1050 
&(2-C.P. )zC104 2250 1587 1558 1467 1430 980 1040 
Au(2-C.P.)2ClOa 2240 1593 1558 1470 1430 988 1035 

Benzonitrile 2230 

1580 

a All frequencies in wave numbers (crn.-I) with uncertaintv of 5 2  cm.-l. * Cyanopyridine abbreviated by C.P. Obtained in 
Halocarbon-mulls. Obtained in Nujol mulis. Blue shoulder. 

vide valuable information concerning which nitrogen, 
that of the pyridine or that of the nitrile, is coordinated 
to the metal ion. The nitrile stretching frequencies of 
the various complexes isolated and those of the free 
bases are listed in Table 11. No change in the nitrile 
stretching frequencies of the copper(1) silver(I), and 
gold(1) complexes of 4-cyanopyridine from that of the 
free base indicates that in the 4-cyanopyridine com- 
plexes it is the pyridine nitrogen which is coordinated to 
the metal ions. With 2- and 3-cyanopyridine, the ni- 
trile stretching frequencies of the copper (I), silver (I), 
and gold(1) complexes are shifted blue. These data 
suggest that in these complexes, i t  is the nitrile nitrogen 
which is coordinated to the metal ions. 

Gill, et a1.,12 and Greenwood and Wade13 have pointed 
out that when the infrared spectrum of a coordinated 
pyridine is compared with that of the free base, fairly 
major changes in the positions of some of the bands can 
be observed. Two of the changes noted by these in- 
vestigators are: (1) a blue shift of the four principal 
bands of pyridine between 1430 and 1600 cm.-l1 which 
are due to ring C-C and C-N stretching vibrations] with 
the highest frequency band giving the largest shift, and 
( 2 )  a blue shift of the ring breathing frequencies and 
C-H in-plane deformations, which occur in the 985 to 

(12) N. S. Gill, R. H. h-uttall, D. E. Scaife, and D. W. A.  Sharp, J .  Inoi,g. 

(13) N. N. Greenwood and K .  Wade, J .  Chem. Soc.,  1130 (1960). 
Nucl .  Chem., 18, 79 (1961). 

’ Red shoulder. 

1250 cm.-l region. The frequencies of the four princi- 
pal bands found for the cyanopyridines and their metal 
complexes in the region 1410 to 1615 cm.-I are listed in 
Table 11. Two of these bands are attributable to sym- 
metric and the other two to antisymmetric in-plane 
ring deformations arising from the C-C and C-N 
stretching vibrations. Also listed in Table I1 are the 
two lower frequency bands for these compounds in the 
985 to 1250 cm.-l region. These two bands are as- 
signed to the first and second ring breathing frequencies, 
in line with the assignments made by Greenwood and 
Wade in their study of coordinated pyridine. 

Comparison of these six bands for 4-cyanopyridine 
and its complexes shows that the bands are shifted blue, 
indicating that the pyridine group is coordinated to 
the metal ions. A similar conclusion was reached pre- 
viously from consideration of the nitrile stretching fre- 
quency. 

In  the case of 2-cyanopyridine and its metal com- 
plexes, we notice that these six bands remain fairly 
constant or are shifted slightly red. The pyridine 
group, therefore, is not coordinated to the metal ions in 
the 2-cyanopyridine complexes. This interpretation 
is also consistent with the information provided by the 
nitrile stretching frequencies. Because the basicity of 
the pyridine group of 2-cyanopyridine is expected to be 
only slightly less than that of 4-cyanopyridinej com- 
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plex formation of these metal ions with 2-cyanopyridine 
through the nitrile group results from inaccessibility of 
the electron pair on the ring nitrogen owing to steric 
factors. 

Comparison of the four bands arising from ring C-C 
and C-N stretching vibrations and the first and second 
ring breathing frequencies of the 3-cyanopyridine com- 
plexes with those for the free base indicates definite blue 
shifts in the frequencies of the bound 3-cyanopyridines 
similar to those observed for the 4-cyanopyridine com- 
plexes. These infrared results suggest that  in 3-cyano- 
pyridine complexes the pyridine group must be coordi- 
nated to the metal ions. This finding is contrary to 
that  indicated by the blue shift of the nitrile stretching 
frequency-that the nitrile group is bound to the metal 
ions. If the resonance forms Ia, Ib, and IC and I Ia  and 
IIb, which contribute to the complex-forming ability of 

3-Cyanopyridine 

I Ia Ib IC 

Id Ie If 
4-Cyanopyridine 

N 

C 
111 

N 

C 
Ill 

N 

C 
I 

Ill 

- - 
II IIa IIb 

3- and 4-cyanopyridine, are considered, the conflict be- 
tween the conclusions from the two sets of infrared data 
is resolved easily. In 3-cyanopyridine, the electron 
density localized a t  the ring nitrogen by the contribu- 
tion of resonance forms Ia, Ib, and IC is delocalized by 
resonance forms Id, Ie, and If. Coordination of the 
ring nitrogen to the metal ions relocalizes the electron 
density a t  the ring nitrogen and, therefore, decreases 
the contribution of Id, Ie, and If to the electronic struc- 
ture of 3-cyanopyridine, With less contribution from 
resonance forms Id, Ie, and If, the nitrile stretching 
frequency of bound cyanopyridine shifts to values 
higher than that for the free base. This shift to higher 
frequencies makes i t  appear as though the nitrile group 
is bound to the metal ions. In  4-cyanopyridine, the 
electron density localized a t  the ring nitrogen is not 
delocalized as in 3-cyanopyridine ; consequently, co- 
ordination a t  the ring nitrogen does not affect the ni- 
trile stretching frequency. 

Coordination of the pyridine nitrogen to copper(I), 
silver(I), and gold(1) ions in the 3- and 4-cyanopyridine 
complexes and the nitrile nitrogen to the metal ions in 

the 2-cyanopyridine complexes appears to be definitely 
established. 

The isolation of tris(3-~yanopyridine)silver(I) per- 
chlorate was unexpected. Absence of any features of 
the infrared spectrum of unbound 3-cyanopyridine in 
the spectrum of the 3 : l  complex indicates that  all 
three cyanopyridines are bound. The most striking 
difference between the spectra of the 2 : 1 and 3 : 1 com- 
plexes is in the nitrile stretching band. The 3:  1 com- 
plex has two bands near 2240 crn-l. One appears a t  
2247 cm.-l and the other a t  2240 cm.-l, with the 
former about half the intensity of the latter. The 
spectrum of the 2 :  1 complex, on the other hand, has 
essentially one band, a t  2235 em.-', in this region. At 
2247 cm.-l, there is only a hint of an absorption band. 
The intensity of this higher frequency band is ca. 1% 
of that  of the major nitrile band. The two bands in the 
2240 cm.-l region for the 3: 1 complex suggest that  3- 
cyanopyridine is bound to silver(1) ion in two ways. 
In addition, the fact that  the intensity of the 2247 
band is approximately one-half that  of the 2240 cm.-' 
band points to two of the cyanopyridines being bound 
to silver(1) ion in a manner similar to that  in the 2: 1 
complex and the third in a different manner. The 
higher value for the frequency of the nitrile stretching 
vibration of the third 3-cyanopyridine indicates that  its 
interaction with silver(1) is much greater than that  of 
the other two. One possible arrangement of the third 
cyanopyridine which would account for the larger blue 
shift exhibited by its nitrile group is for the cyanopyri- 
dine to be a bridging group between two 2 : 1 complexes. 
In this case, although the interaction of the pyridine 
nitrogen and of the nitrile nitrogen with silver(1) in- 
dividually could be weaker than that  of the pyridine 
nitrogen of the two other cyanopyridines with silver(I), 
the combination of the two interactions could produce 
a larger blue shift in the nitrile stretching frequency 
than the interaction of the two other cyanopyridines 
with silver(1). 

At this time, we can offer no explanation for the re- 
peated isolation of Cu(4-C. p.) 2.29C104. 

Far-Infrared Data.--Although there is no direct 
proof of double bonding in complexes of this type,I4 
Murmann and Baso10'~ conclude from stability studies 
of silver(1) complexes of 3- and 4-cyanopyridine that  
their results are consistent with the concept of ir- 
bonding between silver(1) ion and the ligand. If K- 

bonding exists to an appreciable extent between the 
metal and cyanopyridine, it  may be possible to observe 
the metal-nitrogen stretching frequency in the far- 
infrared.13 The following far-infrared data (cm.-l) 
have been obtained. 4-Cyanopyridine : 555 (br), 
545 (red shoulder), 367 (m). Cu(4-C.P.)zC104: 622 (s), 

470 (w). Au(4-C.P.)zC104: 622, 558 (s), 550 (red 
shoulder). 3-Cyanopyridine: 700, 548, 467, 453, 410, 
392. 

558 (s), 473 (w). Ag(4-C.P.)zC104: 620 (s), 557 (s), 

(14) W. W. Biandt, F. P. Dwyer, and E C. Gyarfas, Chem Rev., 64, 959 

(15) R. K. Murmann and F. Basolo, J .  Am.  Chem Soc., 77,  3484 
(1954). 

1955). 
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C U ( ~ - C . P . ) ~ C ~ O ~ :  690, 645, 622, 548, 510 (vw), 473, 
455, 408, 397. Ag(3-C.P.)3C104: 692, 640, 622, 552, 
543 (red shoulder), 513 (vw), 482, 470, 400, 395. Ag(3- 
C.P.)2ClO4: 695, G52, 622, 557, 547, 480, 470, 405, 394. 
Au(3-C.P.)zC104: 687, 670, 666, 622, 559, 546, 480, 472, 
422, 413. 2-Cyanopyridine: 630, 545 (br), 358 (w), 

408, 395 (red shoulder), 367 (w), 347 (w). Ag(2-C.P.)2- 
C104: 641, 620, 551, 548, 482, 408, 396 (red shoulder), 

496, 440, 413 (w), 397 (w), 370 (w), 350 (w). 
All the metal perchlorate complexes have a band a t  

approximately 620 cm.-l, which is attributable to v4 
of the perchlorate anion.16 The one-to-one corre- 
spondence of the spectra of the 4-cyanopyridine com- 
plexes with that of 4-cyanopyridine indicates that the 
metal-nitrogen frequency is below 300 cm.-I. In  the 
case of the 3-cyanopyridine complexes, a new peak ap- 
pears between 640 and 670 crn.-’. However, in light of 
the absence of a new band in this region for the 4-cyano- 
pyridine complexes and because the stability of the 4- 
cyanopyridine-silver (I) complex is approximately the 
same as that of the 3-cyanopyridine-silver(I) complexjlj 
i t  is difficult to justify the assignment of this band to 
the metal-nitrogen stretching vibration. If n-bonding 
is involved in the metal-nitrogen bond, it certainly does 
not strengthen the bond sufficiently so that the metal- 
nitrogen stretching band occurs above 300 cm.-l. 
These observations are consistent with the results ob- 
tained by Gill, et aZ.,12 for pyridine complexes. 

In the 2-cyanopyridine complexes the metal ions are 
coordinated to the nitrile nitrogen. Lott’l has ex- 

347 (w). CU(2-C.P.)zCl04: 637, 622, 553, 542, 525, 

367 (w), 355 (w). L4~(2-C.P.)zC104: 622, 559, 543, 

(16) G. Herzberg, “Infrared and Raman Spectra of Polyatomic Mole- 
cules,’’ D. Van Nostrand Co., New York, TS, Y., 1945, p. 167. 

amined the far-infrared spectra of benzonitrile complexes 
of transition metal ions and has shown that the new 
band in the 480-520 cm.-l region is due to the metal ion- 
nitrile nitrogen stretching vibration. The far-infrared 
spectra of the 2-cyanopyridine complexes of copper (I), 
silver(I), and gold(1) also show a new absorption band 
in this region. 

Basicity of the Cyanopyridines.-The order of basicity 
of the three cyanopyridines with respect to perchloric 
acid in glacial acetic acid has been shown by potentio- 
metric titration data to be 4-cyanopyridine > 3- 
cyanopyridine >> 2-cyanopyridine. The basicity of 2- 
cyanopyridine is so low that it cannot be titrated with 
perchloric acid. The latter situation can be attributed 
to the steric problem of placing the acetic acid solvated 
proton adjacent to the nitrile group. BrownI7 has 
shown that steric effects are marked in ortho-substituted 
pyridines and the extent of the effects depends on the 
size of the acid group. The difference in basicity be- 
tween 4- and 3-cyanopyridine is due to the lower elec- 
tron density a t  the ring nitrogen in 3-cyanopyridine 
than in 4-cyanopyridine because of the greater electron 
withdrawal effect of the nitrile group in the 3- position 
than in the 4- position. 
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Tris(2,2’-bipyridine)chrornium(III) is reduced reversibly in a one-electron reduction to Cr(bipy)sz+ at the dropping mercury 
electrode a t  -0.49 v. A second wave at -0.72 v. is attributed to the reversible one-electron reduction of Cr(bipy)2(HzO)y3i 
formed a t  the electrode surface from C r ( b i ~ y ) , ~ + ,  the dissociation of which is catalyzed by C r ( b i ~ y ) ~ ~ +  formed a t  -0.49 v. 
The rate law for the homogeneous catalytic dissociation of C ~ ( b i p y ) ~ ~ +  in the presence of Cr(bipy)gzC is d [ C r ( b i ~ y ) ~ ~  +] jdl = 
-k~[Cr(bipy),~+],wherek~ is therateof dissociationof Cr(bipy)32+withavalue of 0.38 sec.-l a t  25’ and an activation energy 
of 22.6 kcal. Chemical oxidation of C r ( b i p ~ ) , ~ +  by C~(bipy)~S+,  Iz, and O2 produces C r ( b i p ~ ) , ( H ~ 0 ) ~ 3 +  in a reaction that 
may proceed first to C r ( b i p ~ ) ~ s +  which is catalytically dissociated to the diaquo species in the presence of unreacted Cr- 
(bipy12 +. 

Introduction (2,2’-bipyridine)chromium(II) ion and the nature of the 
‘ & = r e  have been conflicting reports in the literature chroniium(II1) products. Zwickel and Taube2 de- 

termined the successive formation constants for the 

(2) A .  M. Zuickel and H. Taube, U i s c ~ ~ s s i u i t s  Puruduy S o c . ,  29, 42 (19W). 

regarding the mechanism of the oxidation of the tris- 
(1) T o  whom correspondence sliould be addrcsstld. 


