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ı\bstract 

in this study TT-IR spectra of M(LhNi(CN)-ı I where M = Fe or Zn. L = 4-anıinopyridin e l conıp l exes arc rcporıcd ror thc 
fiN time in ıhe 400-4000 cnı I range. The spectral feaıures suggesı thaı ıhe coıııpounds are sinıilar in stru cıure ıo ılıe 
Hofıııann-ıype coınplexes with infinite polyıneric layers forıııed with Ni(CNJ-ı 2 ions briclged by M(L)2 2 cations. TR frequcncy 
shifh. upon forınation of coordination conıpound are reliable indicaıors of the coorclinati on nıoclc of 4-aıııinopyridiııe. it is 
conclucled thaı tlıe ring nitrogen ancl not ıhe aıııino nitrogen is involved in conıplex forıııati o n . in orcler ıo invcsıigaıe ıııeıal ­
ligancl coupling peculiariıies, the vibrational wavenunıbers of free and coordinaıecl 4-a ıııin opyricliııe lıa vc been calculaıed hy a 
force tield retinement ınethod. The resu lts inclicated thaı the force fielcl of frec 4-aıni nopy riclin c ,hou ld be alıcred iıı coıııplex 

fornıation in order to represent the experimental data. 
1,:, 2003 Elscvier Science B.Y. Ali righıs reserved. 

Keıırordı · ı\ıniııopyridiııe: Tetracyanonickelate coınplexes: :...'onııal coonliııate aıı:ıly,is: Force tield retiııcıııcııı: IR ,pcctruın 

1. Introduction 

4-aminopyridiııe is a poıassium chaııııe l blocker and 
it is widely used in pharnıaco l ogical aııd medical 
applications 11-31. Moreover am inopyr idiıı es are 
immensely used in aııalytica l chem istry as reageııts. 

[n a receııt paper we reported the IR spectra of 
transition metal tetracyanoııickelate coıııp l exes 

of 4-anıinopyridine. M(4ApyhNi(CN)4 { where 
M = Mıı, Co. Ni. CLı orCd; 4Apy = 4-aminopyridiııe} 

" Correspontling author. Tel. : +90-212-511-8-+80; fax: +90-112-

519-083-+. 
E-moil addre.ıs: sakyuz@istanbul.edu.tr (S. Akyuz). 

[4 J. aııd it was shown that scveral ııı ocles or 4Apy had 
upwarcl ,h ifls in frequcncy comparccl wiıh th osc of't hc 
free moleculc and the shifts werc nıctal -dcpcndcnt. in 
order to inves ti ga te thc coordi ııati oıı cfTccts on 4Apy in 
this st ucly wc have perl'ormcd normal cmnd iıı a tc 

analysis on free aııcl coorcl iııatcd 4Apy. On thc tı ıh cr 

hand. we have also prepared two ııcw conıpouıı cl, of' 
4Apy. in this paper we report tlı c IR spcctra or Fc( ll ) 
and Zıı(II) t e tracya ııoııi c kelate coıııp l exes of 4-amino­
pyridiııe, M(4Apy)2Ni(CNJ4 { where M = Fe or Zıı, 
abbrev iatecl here after as M-Ni- 4Apy l for the first 
time. The aim of' thi s sıudy is to iıı ves ti gatc the 
coordinatioıı affcc ts on 4Apy ligaııd both cxpcrinı cııta l 

and theoretical nıethods. 

(XJ22-2860/03/'.:ı - see froııt ınatter !;, 2003 Else,ier Scknce B.V. ı\11 rıglııs rcsencd . 

Pli S0022-2860!02J0067-+-9 
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2. Experimental and theorctical mcthods 

Ali thc chemicals used were reagent grade 
(Merek). The complexes were prepared using the 
method given in RcL [5]. The C, H, N analysis results 
for the investigated complexes arc: Aııal. Fowıd for 
Fe-Ni-4Apy: C; 26.31 %, H; 1.55%, N;20.49%, 
Calcd. for Fe(4ApyhNi(CN)4 : C; 26.55%, H; 
1.49%-. N; 20.65%, Aııal. Fowıd for Zn-Ni-4Apy: 
C: 26. 17%. H; 1.50%, N; 20.30%, Calcd. for 
Zn(4ApyhNi(CN)4 : C; 25.94%, H; 1 .45%, N; 
20.18%. 

The IR spectra of nujol mulls or KBr discs were 
rccorded on a Jasco 300E FT-IR spectroıııeter 

(2 cm- 1 resolution ). 
For theoretical calcu lations, program LEY 16 J 

was used. The methods impl emented in the 
program were described in detail in Rcf. [7]. The 
quantum-optimised geometry was obtained by 
AM 1. We first carried out normal coordinate 
analysis on free 4Apy, in order to obtain reliable 
force fielcl of the molecule. Force constants were 
obtainecl by the refinement of corresponcling force 
constants of pyridine molccule. which were calcu­
latecl by the refinement of benzene force constants 
in mır previous work 171. Wc then performed mır 
calculations on a model of coordinated 4Apy in 
two steps. in the first step of the calculation, the 
defined parameter sets of the force fielcl of free 
4Apy were used without any modification, only 
force constants related to M-N(4Apy) bond were 
introcluced. At this first step we investigatecl 
kineıııatic coupling of M-N bond vibrations 
v. ith those of -1Ap1 vibraıions. At the second 
step of calculation thc rıng force 
constants were refinecl. in orcler ıo produce the 
experimental shifts. (4Apy) N-M boncl clistance 
was set at 2.0 A. 

3. Results and discussion 

3.1. M('1Ap_YhNdCNJ.ı complexe.ı 

The FT-IR spectrum of the Fe-Ni-4Apy is given 
in 1-ig. 1. The IR spectra ofthe Fe-Ni-4Apy and Zn­
Ni-4Apy complexes are found ıo be very 
similar indicating that they have simil ar structures. 
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l·ig. 1. Tlıe l' l'-IR spectrnııı ut tlıc l·c-:--.:i--lApy. 

Tablc 1 

Thc "' avcmımher, (cın 'ı or .ıAp, ııı :vı :'\ı -lAp) coıııplc,c, 

A,"gııınclll 181 .JApy ,\! :'\i -lAp) 

181 Tim ,ıuclı l·c i'.ıı 

rı;ıf~H 2 ) 3433 3-l34vs 3515, 3-135v, 

v,(NH1J 3302 JJ{)Ovs 3417v, 3358vs 
ı,CH 3093,n 30%vw 
ı,CH J073nı 3066vw 3070vw 
ı,CH 3058w 30.Jlv" 3042vw 
ı,CH 3038 J034nı 3020v\\ 

/l(:'<H~) 1645 l6-l8v, 16.18" 16.18n 

1'rin~- 1 'ı• 8a 1596 1602.s 16 10, 1621s 

l'nn',!· l'ı _,. 8h 1555 1556, 1561111 1562, 

l'nııw l',ı;. 1 9a 1508 1506, 1517s 152.J, 

l'nıı,.!• t-'ı l· 19b 1435 1-l<!0ıı 1455 111 , 1445,lı t.ı66nı 

' 'rırı~. l'ı'i• 1 ..f 1.13-l 1 JJJ, 1353s 1364, 

ıiC -i's H ~J. ıı,. 11 1270 1268, 1 ~79s 129./, 

il CH. ,,,., 9a 1219 121 Sv, 1217v, l 2 l 8vs 

ô,iıı_!!• v-,. 18u 1052 1055111 105.'\ın 1058, 

Ring hre~llh. 119. 1 990 991, 101 5\'S 1025ıs 

Ynı• 1'20- 17.ı 95(hlı 9501 il %l111 

Ynı- •·~,, 1/hı 88.ı,ıı 8821 il XX~\ \\ 
X-st!ll\ . ,,,. 12 8.ı2 842111 852m 857m 

Yut• 1'2 _,. S 82-l 822s x ı .ı" 8~8\.'-ı 

Yrııı~· 1'~"'· -l 680 680ın 727111 728\\\ 

Ônn;." Vı<J• 6b 661 ın 67/hıı 67711, 

X-seııs .. ,,10• 6a 5.16, 557s 575s 

X-~ens .. V2(ı, il 522,lı 522\.s 527v, 

Ynng• ":?2• 16a 408nı .!20slı .J2.1ın 

Coordinution ~ensitive waverıuınbers are rnarkcd as bok\. 
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·1 .ıhk ~ 

The '""emıınber, (cm I ı of the :--:ı(C\) 1 , ibr,ııion, of the :vı - :--:i -
4Apy coınplexes 

Zn Cd - Ni - Py" Zn - Ni - py·' Re!. inı. 

Eu ıXCNJ 21-+6 216-ı 2154 2165 \'~ 

,x "c:--: ı 2108 2131 2111 2124 vw 

Eu ıXNiC ) 552 - 5,43 5-17 111 

A ,u m:--:iC:--ıı -l-l7 450 - -ı-19 sh 

Eu &:--ı;c:--: ı -130 -l% -125 ,lJI "' 
·' :-,,1(pyrıdıne ),Ni ( CN J0 conıplexes (M = Cd or Zn) ıaken froın 

Ret 1111. 

The wavenumber of Fe-Ni-4Apy ancl Zn-Ni-4Apy 

complexes are tabulatecl in Table I together with 

those of polycrystalline 4Apy 181 . 
4Apy has two nitrogen atoms, each having a 

lone pair electrons to clonate. IR spectroscopy is 
cliagnostic for the coorclination mocle of 4-amino­
pyricline. it is well known thal when amino 
niırogen aıom are involved in coordination a drasıic 
reci shift observecl in NH 2 strctching vibrations 
(J = 150 - 200 cm - 1) 19 - 101. Since we do not 
observe any inıportanı reci shirt in NH2 stretching 

vibrations. we concludc that anıino group nitrogen 
of 2Apy cloes not involve in coord ination. On the 

other hancl certain modes of 4Apy, which are 

H(lO) 

H(9) 

ıııarked in bold, havc upward ,lıifıs and the 
shifts are metal dcpcndcd. Thc ring brcathing 
ıııode (uı, IJ, observcd at 991 cııı - 1 in thc IR 
speı;truııı of ıııicrocrystalliııe 4Apy, is obscrvcd at 
1015 and 1025 cııı - 1 , in tlıe IR spec tı ·a of Fe and 

Zn coıııp l exes, respectivcly ( Jrnıı,plc\ c ,y = 24 and 
34cnı - 1 ). This ıııode is known lO be vcry scnsi ti ve 
to coordination of pyridine ring fronı cndocyclic 
nitrogeıı loııc pairs and incrcascs iıı wavcnuıııbcr on 

thc coordination strcngth [7, 11 ı. Thus İl is 
concluded that ring nitrııgcn is involvcd iıı the 
coordination in the coıııp l excs studi cd. in this stucly 
the coordination through ring nitrogcıı c!Tccts on 

4Apy havc been investigatccl by pcıforıııing normal 
coorclination analysis on a frec 4Apy ancl on a 

ıııoclcl complcx. 
The vibrational wavcnuıııbcrs of lhc Ni(CNJ.ı 

group for thc coıııp lcxes slucli cd arc g i vcıı in 
Tablc 2 togcthcr wi th thosc of l l ofıııann typc 

pyriclinc coıııp l exes \ 1 11 for coıııparisoıı. Thc 
charactcristic wavcnuıııbcrs of tlıc ıı(CN) and 
ô(NiCNJ ıııodes are founcl to be s iıııilar to those 
of Hofnıann typc clathratcs 112\ and pyridine 
coıııplexes 111 \. indicating lhat thcy havc ana logous 
slructurcs v.ith lwo diıııcnsioııal ncıwmb iıı ı>ı hich 

M takes an oc tahcclra l coordina ıi oıı witlı a pair of 

4Apy ligands protruding abovc aııd beloııı 

H(ll) 

H(l2) 

H(l3) 

H(8) 

Fig. 2. Atanı nuınbering of M - 4APY tM = ı'.n or Fe). 



S36 Y. Bıırııkıııımıı. S. Akvıı: / Joıırııal ofMo/ecıı/w Sırucıııre fı5/-f,5J (20/JJJ 533-539 

Table 3 

The delinıtion, of normal vibratioııal coordinate, ,ıııd geoıııetrical paraıııeter, of M-4APY (M = f'e or Zn) 

Type Value (Af) Atoıııs Type Value (Af) Atoıııs 

Bond 1.41740 CI-C2 26 Anglc 115.590 N4-C5 - HIO 

Bond 1.40057 Cl-CI 27 Angle 119.031 CS-N-l-\1114 

3 Boııd 1.3-1732 :S:-l-C3 28 Angle 118.73:1 CS-C5 C:! 
-l Bonci 1.3-17-10 :S:4-C5 29 Angle 120 180 C6-C5 111 0 

5 Boncl 1.-10062 C5-C6 30 Anglc 120083 C5-C6-HI 1 

6 Bond 1.41729 C6-C2 31 Anglc 121.280 C6-C2 -:-:,7 

7 Bond 138905 C2-N7 32 Angle 121.17:1 C2-C6 1111 

8 Bond 1.09720 cı;--.;8 33 Aııgle 115 788 C2-:-,;7 1-112 

9 Bnnd 1 10534 C3-H9 3-l Anglc 115.793 C2 :-,;7-1111 

10 Bond 1.10538 CS-HIO .ıs Angle 114.8-l 1 H 12 - :"7 - 111.1 

11 Bonci 1.09718 C6-I-II I 36 O.p. benci 3.105 C6-C2-CJ-;--.;7-C2-:S:7 

12 Boııd 0.99353 N7- Hl 2 37 Op. hemi O 758 Cl-CI-C2-1-18-CI HX 

13 Bond 09934-l :s/7-H 13 38 Op benci 0.682 cı C3-N4-H9-C'.1- H9 

1-l Boııcl 2.00000 N4-M14 39 Op benci O 742 N4-C5 I -C6 1-110 -CS 1-11 0 

15 Angle 118 728 C2-CI -C3 -10 0.p benci 0.809 C2 -C6-C5- H 11 - C6 H 11 

16 Angle 117.337 CI-C2-C6 41 Torsıon 179.178 C6-C2 CI-C2-CI C3 
17 Angle 121. 168 CI -C2-N7 -12 Tor...,ion 179 .. 'i24 C2-CI Cl-CI c.ı ;--.;.ı 

18 Aııgle 121.168 C2-CI- H8 .ı.ı Torsıon 179.879 CI-C'.1-N4-C3 :-.l-1-CS 

19 Angle 124.236 CI-C3-N4 4.\ Torsioıı 179.842 Cl-N4-C5-:\'4 C5-C6 

20 Angle 120.101 C3-CI-H8 45 Torsıoıı 179.454 N4-C5-C6-C5-C6-C2 

21 Angle 120.179 CI-C3-H9 46 Torsion 179.146 C5-C6-C2-C6-C2-CI 
n Angle 116.731 C3-N4-C5 47 Torsion 157.486 C6-C2-N7-C2 -N7- Hl2 

23 Angle 115.58-l N4-C3-H9 -18 Torsion 157.488 CI-C2-N7-C2-N7-Hl3 

2-l Angle 119.014 C3-N4-Ml4 .\9 Tor:-.ion 22.331 C3-N-l-C5-M 1-l -N4- M 14 

25 Angle 12-1.229 :--ı-l-C5-C6 

Table -l 
The calculateci wavemıınbers (cnı 1 J of free ,ıncl coorciinateci -l-APY 

Assignınent 4-APY 4-APY Zıı-.\APY'' Zn--lAPY" Fe-.\APY·' 1-e--lAPY" PL:D ( 'k) for 

exp calc calc calc calc calc 4APY 

;--.;H2 ,tretclıing ( ,.,.._H) 3-13.\ 3418 3.\18 3.\18 3-118 3-118 ı•:S,H 2 (99J 

.'\H2 strctchıııg ( '"-HJ :rnxı 3315 3316 3316 .1315 3315 "'-H2 (991 

CH stretching ( vrn) 3093 3084 308.\ 308-l 3084 308-l ı,C H (l/l)J 

CH stretchıng I vrn) 3073 3080 3080 3080 3080 3080 ıCH (991 

CH stretching I ve Hl 3058 3012 3012 3012 .1012 .1012 ı('H 1991 

CH stretching ( v,HI 3034 3008 3008 3008 3008 ]008 ı-CH ('!9) 

NH~ scissoriııg I ı5NHJ 1648 1648 1648 16-18 16-18 16-18 ı5NI-I~ (70) + 8CN H (22) 

+ ııCN (8) 

CC stretching ( v,c) 1602 1593 1593 1605 1592 1598 ııCC (54) + öC H (20) 

+ ııCN (9J 

+ ı5 ring 19) 

CC stretching ( ı•ccl 1556 1568 1569 1575 1568 1571 ııCC (74J + ı5C H ( 10) 

+ /5 ring (6) 

CC stretchıng ( vccJ 1506 1.\95 1496 1511 1.\94 1507 ıCC (78J + liC'I-I r 1-lı 

CC stretchıng ( vcc) 1-140 1449 1451 145.\ 1.\47 1.\53 ıZ'C L'i-l) -ı- ,'iCH (.161 

CC stretching ( ''cd 1333 1330 133S 1350 IJ2X 134.'i ıZ'C r.ı.ıı + ı'iCH (-11 ı 

C-:\ 1-1 2 strctching 1268 1281 1283 1295 1281 1282 ı,C;--.; (401 + ı'i ring (22) 

(ve ,H) + ı5CH 1181 + ı.CC (8J 
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Table 4 (coıııiııııed) 
--------------- ----- -------- --- ---
As.signmcnt 4-APY 4-APY Zn--lAPY'' Zn - -lAPYh Fc--lAPY'' ı:e-4Al'Y" PU) r'., ı foı 

CH i.p. bencling (Dm) 

CH i.p. bencling (Örn) 

CH i.p. bending (ÖrnJ 

CH o.p. bending (Yrn) 

Ring deforınation (OringJ 

Ring breatlıing 

CH o.p. bencling r Yrnl 
;'\!H , l\\İ,t 
CH o.p. benclıııg ı Yrn) 

vc- 1\JH --t- ôring + l'c( 

CH o.p. bending (YCHJ 

O.p. ring cleforın. ( YnngJ 

NH 2wag 

cxp 

1215 

1055 

991 

950 

884 

842 

822 

680 

Ring deforınation ( ÖnngJ 661 

Ye:--; -r Yrirıµ + Ôriııg + :\H 2 roc\ı.ing 522 

O.p. ring defornı. IYnngJ 408 

C-NH 2 i.p. bending (ÖcNJ 

NH 2 rocking 

YC"J + Yrirı~ + 'YCH 

N-M stretching 
/iC;',; ,\1 

Y:--:\ıı + Bc!'-vı + Yrin~ + Ycı-ı 

calc 

1204 

1167 

1110 

1053 

1055 

985 
949 

943 

877 

851 

834 

693 

651 

656 

537 

520 

405 

386 

260 

213 

calc calc 

1210 1229 
1168 1161 

1114 1092 

1049 1018 

1065 1065 

992 1001 
951) 986 

944 943 

877 86-l 

856 858 

841 839 

677 747 

668 661 

658 665 

563 563 

531 525 

376 -117 

400 390 

261 263 

241 247 

194 198 

142 185 

47 -19 

calc calc -lAPY 

1213 1213 /5C H (79) + ı.CC ( 16) 
1166 1162 8CH (76) + /5 ring ( 12) 
1109 1110 ôC H (49) + ,.CC (44) 

1053 1054 yC H (95) 

1058 1048 ı.CC (:ı7J + /5 ring (41) 

+ 8CH (8J 

989 991 ,.CC 15-li + /5CH r.ı7) 

949 949 )'(.'H (85) + -y<.·:-; (61 

943 94:l :'-<H 2 twisıı91) 

876 877 yCH 1991 
851 856 ,.cc e21 + c5 rıııg 122) 

t ,c:-; rı9ı 
+yCH(l9) 

836 834 yCH (62) + yCN 1101 
637 741 yCH (511 + y ring 138) 
668 660 NH , ""g t:ı8) + :\H , rod 

(1-l) -t- yC:\ (10) + 8:\11 _, ()l)J 

656 657 ii ring (67) + ,,('C ( 16 ) 

+8CHi12J 
555 5-18 8 ring (35) + ,.(';\ (201 

+ yCN 120) 
530 521 yCN (211 + y rıııg ı 17) 

+NH 2 nıci-(17) 

+ ,5 ring (25) 

405 417 y ring (50J + ,.CH (22J 
+ /5C:-; (6J 

386 391 oC:-; (75J + ,,ec ( 161 

+ y ring (6) 
259 262 NH2 rock (94) 

229 227 yCN (47) + yCH (25) 

+ y rin g (24) 

184 185 

61 183 

31 46 

" The waveııuıııbas of M - -lAPY calculated by '"iııg tlıe scııııc force coııstaııh offree -1-APY (cııılv lnıce con,taııh rclatcd ıo :v1 - ;\(-lAp;,J 

boııcl were introducecl). 
h The wavenuıııbers of M--lAPY. calculatecl by the refiııed force field. 

the network: the Ni(CN)4 square plate shares the 
vertices with four ocıaheclra to builcl up the 2D­

network [ l 3]. 

3.2. Norıııcı/ coordiıuııe wıa/ysis 

The atomic numbering schenıe of 4Apy is 
illustratecl in Fig. '.?.. The clefınition of the natura] 
vibrational coorclinates ancl the geometrical par­
ameters of 4Apy are tabulatecl in Table 3. The results 

or normal coorclinate aııalysis l'or l'rec aııcl coorcliııaıed 
4Apy are given in Tablc 4. Thc l'orcc coııstaıııs arc 
given in Tablc 5. The assigıınıcııl was cstab li shccl 
clepcııcling on thc cxpcrinıcıı tal resul ıs [8 J. Thc 
approxinıatc clescriptioıı ol' ıııodc,. cslabli,hcd hy 
analysis ol' PED togelhcr with lhc aıoıııic cli,placc­
ıııenıs far frce 4Apy agrees wcll with tlıc cxpcriıııcn t a l 

ass ignnıent 

The two steps or calculation results of the model 
complex of 4Apy with Fe ancl Zn arc presentecl in 
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Table 5 
Force coııstant, of -l-Apy. Force constant, of coordiııated -l-Apy. thal are altcred froın cnrrc,ponding ,alue, of lrcc -lAp, .ııc ınarl..cd ,ıs boltl 
and the differences froın thc original value"ı . .J = J~,mıp - Jir~ı::( J L11 : ...1 h.) arc gi\ en ın pan.:ılllıcı.;ıs. the re"ıt lı~n c- tile ...;;ınıc valUL'' a'ı frcc rııokı:ule 
has bond-hond. bond-aııgle and angle-angle force constants are in nıdyne A 1• ınd)rıC- A. rcspcctİ\cly 

Type 

1-1. 6-6 

2-2. 5-5 
3-3. -l-4 

2-7 

8-8. 11-11 

9-9. 10-10 
12-12. 13-13 
5-6. 1-2 

1-6 

1-7. 6-7 

1-8. 7-12. 2-8. 
7-12. 7-13. 
3-9. -l-10.6-11. 
5-11. 2-9. 5-IO 

3--l 

12-13 
2- 3. 4- 5 

1-15, 6-28, 
1-16,6-16 
1-17. 6-31 

1-18. 6-32 

1-20. 6-30. 
7-35 
1-31.6-17 

3- 21. -l - 29 

Force 
constants 

6.79-l 

6.525 
6.737 

5.711 

S.S12 

5.2S6 
6.740 
0.628 

0.769 

0577 

0224 

0.6-ll 

0.003 
0.749 ( - 0.044: 

- 0.044) 
0.25S 

0.028 

0.021 

-0.021 

-0.028 

- 0.028 
( - 0.010: 0) 

Type 

7-17, 7-31 

7-.13, 7-3-l 
8-15. 11-28. 9-19. 
10-25 
8-18. 11 -32. 8-20. 
11 -30. 
9-21. 10-29 

9-23, 10-26 
12 -33. 12-3-l 
12 -35 

15-15. 16-16. 
28-28 
19 - 19. 25 - 25 

17 -17. 31-31 

18-18. 32-32. 
30-30. :w-20 
2~-~~ 

23 - 23. 26 - 26 

33-33. 34-3-l 
3S-35 

21-21. 29 -29 

l5-16, 16-28. 
-l 1--14. -l3-.J6 

15-l7. 28-31. 
16-18. 16-32 
15-18. 28-.12 

19 - 23. 25 - 26 

15-19. ~5-28 

Force Type Forcc 
CQll',lanb const.ınts 

0.1-10 19 - 21. 25 - 29 0.007 
1 - 0003 : o ı 

O 164 19-22. 22-25 -0061 
O 1-17 20 - 21. 29- 30 0.061 

ı - 0.031 . OJ 
0.074 21 - 22. 22 - 29 0.083 

(0.038 0) 

22 - 23, 22- 26 - O.ili 
(O.Ol 1: 0.007) 

0.059 38-38. 39-39 0.508 
-0.01-l 37-37. -10-40 0.531 

0.063 37 - 38. 39 - 40 0.076 
1 - 0.070: O ı 

1.211 37--11. 37--12. 0.1-15 
38-42. -10--l(ı 

1.211 39 - -15. 40- -15 0. 145 
(0.041. O ı 1 - 0.009: Ol 

0.826 38-39. -12--15 ()()38 

0.510 36-36 0.-187 

1.2-16 37 - -10 - 0.11114 
(0.113-l : O ı 

0.-198 36-42. .16-45. 0.069 
(0.005:-0.011 ) 40--ll. 37--16, 

37-43. -llJ-44. 
38--1-l. 39--l.l 

0.495 
IJ.609 

0-187 38-43. 39--14 0164 

-0.069 36-43 . .17--15. -0.021 
37--1-1 . . 18-45. 
38-46. 40--12. 
36--l-l. 
-10 --12 . 19-41 

-0.00-l 

0011 

0.011 36-.17. 36--lO o.on 
1 - 0.003: 0.008) 
-007~ .16-.18 . .16-.19 -0.023 
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Tablc 5 ıw11ııııueıl) 

Type Force Type 

coııstant.':ı 

2-15.5-28 O 261 15-20. 28-.10. 

18-19. 25-.12 

2- 18. 5-32 - 0.098 15 -21. 28-29, 

( - 0.029: 0) 16-.13 

2-19. 5-25 0.2 12 15-2.1. 26-28. 

(O: - 0.073) 16-18 . .11-32 

2- 20. 5- 30 0.098 1 - 0.029: O) 15 -.11. 17-28. 

16-17. 16-20. 
16-.10. -12--1-l. 

-13--15. -17--18 

2- 21. 5- 29 o. 112 1 - 0.056; - 0.056) 

2- 23. 5 - 26 - 0.070 ( - 0.014: - 0.0 11 ) 16-31. 31-.1-1 

3-19. -1-25 O 258 16-.1.1 . .11-.13 

3-22. 4-22 0267 18-20 . .10-32 

3- 23. 4 - 26 0.031 (U.014: 0.0 14) 21-23. 26 - 29 

7-16 -0.126 19-20. 25-30 

Tablc 4. Thc metal-depcndenl wavenumber shifts 
observecl upon coordination of the ligand (4Apy) to 

a transition metal (Fc or Zn) arc founcl to improvc 

afıer refinemenl of thc 4Apy ring forcc fielcl. Tlıus 

thc calculated results on coorclinaled 4Apy 
iııdicates thaı the vibrational wavenumber slıifts. 

observed on coorclination of 4Apy to a transition 
meıal(II) are not caused only by kineıııatic 

coupling effect but also by alterations of the ring 

forcc fielcl. 

4. Conclusions 

in this stucly IR spectra of two new tetracyano­

nickelate complexes of 4Apy were presentecl and in 
order to investigate metal-dependent blue shifts 

observed upon coordination with respect to free 

moleculc, a normal coordinate analysis were 
performed. The calculation results on coordiııated 

4Apy iııclicate ıhat both kinematic coupliııg aııcl 

alterations of the ring force field cause ıhe 

vibrational wavenumber shifl. observed on 

coorclinatioıı. 

Force 
coıl',tants 

0019 

-1)0\-l 

0.0-l.'\ 

0.00-l 

0.0-19 
00.,-l 

-0.030 
- 0.030 

( - 0.007; 0) 
-O.O l 1 
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