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ı\bstract 

M(PZAhNi(CNJ-1 { where M = Mn. Co. Fe, Ni or Cd; PZA = pyrazinanıide l coıııp l exes lıave bceıı preparcd lor thc fiN tinıe 
and their Fr-TR spectra are reportecl in the 400-4000 cnı - 1 region . The spectra l featurcs suggest that thc coıııpouııds arc siıııilar 
in ,tructure to the Hofmann type two clinıensional coordiııation polyıııer coıııpounds, fornıed witlı Ni(CN).ı" ions bridged by 
M(PZA)2" cations. PZA is coordiııated to M(TT) through the oxygen atoııı of the carbonyl group. 
© 2002 Elsevier Science B.V. Ali rights reserved. 
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1. lntroduction 

Pyrazinamide (pyrazine carboxanıide), is a well 
known anti tubercle bacillus drug [ 1 J. The parenı 

molecule and some of its complexes are widely used 
due to their antimycobacterial properties [ l ,2J. 
Although vibrational frequencies of pyrazine are 
extensively studied [3-6], IR and Ranıan data on 
pyrazinamide (PZAJ [ 7 -8 [ and its conıp lexes are 
not plentiful in the literature [9-11]. The only 
detailed analysis of IR and polarized Raman spectra 
of PZA was reported by Kalkar et al. [7]. To the 
best of our knowledge no complete IR spectroscopic 
investigation on PZA complexes was reported in the 
literature. Only the wavenunıbers of ıı(C=O). 
ıı(NH2 ) and few ring modes were given [9- 11 ]. 
Thereforc. it would be interesting to investigate 
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vibratioııa l frequeııc i es of PZA iıı a scric, ur 

Hofıııaıııı type tetracyaııoııickelatc coıııple:x hosts 
1121. in thi s study. thc two diıııcıı s iuııal coordiııatioıı 
polynıer conıpo u ncls. M(PZA)"N i(CNJ4 {whcrc 
M = Mn. Co, Fe, Ni or Cd; PZA = pyrazinanı i dc, 

and abbreviatcd heııccı·onlı M - Ni- PZA }, in which 
(he sheet i, constructccl by the linkagc bct"ccn ıhc 
squarc plaııar Ni(CNJl - aııcl thc ocıahcdral M (II ) 
through cyano bridges: havc bceıı prcpared ror ıh c 

firsı time ancl thcir FT-IR spcctra arc rcportccl iıı 

the 400-4000 cm - ı region. 

2. Experimental 

Ali the chenıica l s usecl wcre reagent grade (Merek) 
ancl usccl withouı further purifıca (i oıı. Thc complcxcs 
wcrc prcparcd using Lhc mclhod givcıı in Rd. [ UI. 
Thc saıııp l c, wcre aııa l yscd for lhe melal coıı ı cnt 

(Xl22-2860/03/S - ,ee front ıııatıer ,ç 2002 Elsevier Scieııce B.V. AII righh re,ened. 

Pli S0022-2860(02J00675-0 



542 S. Ak_ı-ıı: / Joumal ofMo/ecıılar Sırııcıure 651 - 653 (2003) 5-11 - 5-15 

using an X-ray Auorescence ıııethod. The relative 

ra ti os of M and Ni atoıııs were found to be 1: 1. The 
C H. N analys is rcsults for M = Ni and Ccl coıııplexes 
are: Arw/. Foıııul for Ni-Ni-PZA: C; 35.-tlo/c. 

H; 2.40o/c . N; 29.42%. Ccı/cd. for Ni(PZAhNi(CN).ı 

C; 35.84%. H: 2 15%. N; 29.89%. Aııal. Foırıul for 

Cd-Ni-PZA: C; 31.85%. H ; 1.90%, N ; 26.43%, 

Calcd. for Cd(PZA)2Ni(CNk C; 32.22%, H ; 1.93%, 

N; 26.87%. The clifferences in el eıııental analysis 

inclicate non-stoichioıııetry of the coordination poly­

ıııer ancl defects in the polyıııer s tnıcture. it ıııu s t 

be notecl that saıııp l es are founcl to contain s ıııall 

aıııounts of water as guest spec ies. The IR spectra of 
nujol ıııulls or KBr discs were recorclccl on a Jasco 

300E Ff-1 R spec t roıııeter (2 c ııı - 1 reso lution). 

3. Results and discussion 

The structural fo rıııula of PZA is given in Fig. 1. 

The FT-IR spectra of Fc-Ni-PZA ancl Ni - Ni - PZA 

coıııp l exes are given in Fig. 2(aJ ancl (b), respectivcly. 

The IR spectra of the M - Ni - PZA coıııplexes are very 

siıııi l ar inclicating thal ıhey have analogous structures. 

The vibrational waven uıııbcrs of PZA are tabu laleci in 

Tablc I together w ith the relevanı clata [7]. 
PZA can coorclinate through the pyrazine ring 

nitrogens. the > C=O ancl/or -NH2 groups. !R 
ıechnique is diagnostic of the coorclination ıııocle of 

PZA in coıııp l exes. When the aromatic ring nitrogen 

involves in complex formation, certain ring mocles. 

particularly th e ring breathing mocle ancl the two ring 

stretch ing mocles arouncl 1400- 1600 cııı- 1 increase 

in value both cluc to thc coupling w ith M -N(ligand) 

bond vibrations [ 14 - 16 l ancl clue to alterations of ıhe 

ring rorce tie lcl [ 171. On the other hancl when aıııino 
ni trogen is involvecl in coorcl ination, clrastic changes 

occur in amino group vibrationa l wavenumbers 

[ 18-21 J. ancl when coorcl inati on occurs through 

Fig. 1. Stnıctural formula of pyraziııamide . 
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Fig. 2. The l·T-IR ,pectra of l ·eWı'.AJ, Ni(C:sJ) 1 lal aııd :--;i(Pı'.AJ , 

:--:ıtCNl, ıbı. 

the oxygcn or the carbony l group, a ncgativc slı ifı of 

ıhe ıı(C=OJ ıııocl c or tlıc coordinatccl molecu lc w ith 

respcct ı o tlıc frcc li gancl is cxpec ıcd [221. Thercforc 

in order ıo deıerıııine the coord in a ıi on ıııodc ur PZA in 

M -N i - PZA conıplexcs. thc wavcnuıııbcrs or PZA in 

co ııı p l exes aı-e co ıııparcd w ith tlıose ur ı·rec PZA. 

in the IR spec tra of thc PZA coıııplcxcs s ıudi cd, tlı c 

ıı"(NH 2 J and ııJNH 2 ) ıııocl cs are found lo be hi gher in 

value than those of ıııicroc rys tallin c PZA (Tablc 1 ). 

Since it is well known lhat a coorclinatcd anıino group 

shows a negative shifl. .1 = 150-220cm - 1, in lhc 

NH2 s lreıching ıııodcs , in co ınpa ri son to the frec 
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Table 1 
The v.aveııuınbcr, (cm 1) of PZA in M-N i - Pı'.A co111plexcs 

Tcntative assignıııent l 71 

ı,<CHJci 

ı,<CHJ a' 

ı{CHJ a' 
J.'(C Ü). anıide 1. a' 

&NH,J. anııcle il. a' 

llnng• a' 
lirin~- a' 
),'ring· a' 
Vrıng• a' 

ı,<CN). aınicle 111. a' 

lı(CHJ. a 
&CHJ. a' 

' Vrirıı,!• a 
~H 2 twİ"it. a" 
ii!CHı. a' 
Ring breath. a' 
,ıCHJ. a" 
,;CHJ. a" 

Bnn"• a' 
C0°i.p. bend. aınide iV. a' 
,ıCHJ. a" 

Yrın,!• a" 
NH~ wag .. ·i' 
Ônng• a' 

Onrıg· a' 

CO o.p. bend. aıııide VI a" 
C-NH, i.p. benci. a' 

" Yring• a 

'Yring. a" 

Pı'.A" 

171 

351.'iM 
3-ı20O 

3370 
31700 

3088 
3065 
3050 
1710 

16100 
1565M 
1589 
1530 
1-180 
1443 

1385 

1316 
1188 
1175 
1095 
1062 
1035 

970 
922 
882 
815 
791 
705 
678 
615 

562 

450 
-l35 
-112 

This ,tucly 

3368,lı 

3290m 
321 0sh 
3163s 
3088 
3066 
3052 
1714vs 

l610s 

158 Is 
1525111 
1479111 
1437111 

l 378vs 

1305v, 
1183111 
1166111 
1087111 
1054s 
1025s 
988vw 
954vw 
870s 
800sh 
786s 
702w 
670,s 

619111 
5-l3vs 
518vs 

431 vs 
419111 
413111 

:ııt -Ni- Pı'.A Coınplexes 

:ııtıı Fe 

3-l87ı, 

.1-l-+6sh 

3.177" 

3253vw 
3137',, 

3088,"' 
3076vw 
3048vvv 
170-ısh 

l 69<hs 
1595s 

l 575vs 
1528m 
1472m 
1430w 
l-l41111 
1382s 

1290111 
l 181"ııı 
1165111 
1090w 
1065s 
10'.!3, 

98hw 
9-l8v. 
866s 
809111 
77(b 

723w 
656ııı 

611 ıııs 
52 J VS 

438vs 
420sh 
409111 

350-lı, 

1-U~v\\ 

.l.187" 

3272vw 
313.'iw 
3093 
3078 
3058vw 
1703v, 
l 686sh 
1594s 

l 573vs 
1525111 
ı-ı63111 

1421m 
1448w 
1366, 

1280111 
l 182ııı 

l 166ııı 
111(11\ 
1059, 
102-ls 
975w 
94611• 
87(b 

806111 
77-ı, 

722w 
659ııı 

615s 
5 l 2slı 

489s 
-ı39vs 

** 
414111 

Co 

350:,ıs 

.ı -1-18,11 

3}87v, 

3l72vw 
31.1-lv\\ 
3097 
3081 
3057 
170-ıvs 

1686,lı 

1595, 

l 574vs 
l 527ın 
1463m 
1424111 
1-l49w 
1367\S 

1280111 
1 l 84ııı 
1 l 65ııı 
1116w 
1061s 
1025s 

946111 
871 s 
808111 
774s 
7'2.lw 
660111 
616s 
5 13sh 

489s 
440vs 

.\50.,,' 

.1-l50ııı­

.1.\X7ı, 

.ıı:nvw 

.ıl 00vw 

170-lv, 

l690slı 

1596.s 

1573v, 
1528m 
1-l65ııı 

l-l25ııı 

l 448vv 
1368vs 

J 281 lll 

1185, 
1 162, 

1118" 
1063, 
1025s 

946w 
870nı 

81011 
775., 
723, \\ 
661 ııı 

617s 
516slı 

494s 
439vs 
420slı 

415111 

Cd 

1-l8'h, 
ı-1.ır11n 

.l18(h, 

1257 V\\ 

.ı l 39ın 

3087',, 
.1069ı.v 

3049v\\ 
1701,h 
1697\S 
159-l, 

l575vs 
1529ııı 

1472111 
1425,p 
14.19111 
1381, 
1.\66ııı 

1288\\ 
1180,ıı 

116.,ııı 

109911, 
1065s 
102-ls 

981," 
959\'\ı 

8Ci6, 

808ııı 

771., 
722, \1,, 

Ci:i8ım 

612ııı 

51(hs 

490slı 

442111 
420slı 

*':'Oı·erlappecl vvith &NiCN) ıııocle. i.p. = in plane. o.p. = aut of plane. 
" Solid pyra,ınanıide ı KBr) . M = ıalue of ıııononıer structure. O= ,alue ol di111cr ,tructure. 

" :ııtean of doublet. 

ligand [ 18-21 J. we can conclude that this group does 
not takc part in coorclination. On the other hancl the 
v(C-NH 2J nıode of anilinc ancl aniline derivatives 

show, a negative shi ft. J = 50-60 cnı - 1• upon 

coorclination [18--:211- but we do not observe such 

a shift of this ıııodc in M-Ni-PZA coıııp l exes. wlıich 

is a runhcr proor ora non-coorcliııatcd aıııiclc nitrogcn. 
in solicl PZA. anıiclc group hyclrogern, arc involvcd 

inter and iııtra H-boncls 171. Wc coulcl not rccord IR 
spectruııı of PZA clissolvcd in a ııoıı-polar ,olvcııt 



544 S. Ak\'ıc I Joıımal ofMolccıılar Sırııcıııre li51-li5.i (2003) 5.//-5-i.5 

(free PZAJ. clue to its poor so lubil ity. Nevertheless, 
the sl ight up sh ifl of v(NH2) of M-Ni-PZA 
complexes inclicates that the NH2 group of the PZA 
forıns weaker H-boncls than in the pure solicl. The IR 
clata show that the amicle NH2 of PZA cloes not take 
partin coorclination. but fornıs weak hyclrogen boııds. 
probably with guest water ıııolecules. it nıust be ııoted 
thal saıııples arc founcl to coııta iıı sıııa ll anıOLınt of 
waler as guesl species. 

in the !R specıra . the ring-breathing ıııocle of PZA 
is observecl al 1025 cm - 1 for so l icl PZA aııcl arouncl 
1023-102S cnı- 1 for M -Ni- PZA coıııplexes. The 
lack of blue sh ift of ring breathing suggests that the 
PZA ıııo l eculc clocs not coorcl in aıc to the nıcıal(IIJ in 
M-Ni-PZA conıplexes through thc heterocyclic ring 
nitrogen. We also do not observe any blue shift in 
ccrtain ring nıodes clue to fornıation of M -Ni -PZA 
conıplexcs (Tablc 1 ). which are known to be very 
sensitive to conıplex fornıation through the ring 
nitrogen [14-17]. 

The IR spectra of the M-Ni-PZA compounds 
show negative shifts of v(C=O). The v(C=O) mocle 
was observed at 1714 cm - 1 in the FT-IR spectrum of 
thc K Br disk or PZA ancl was observed at 1716 cm - ı 
in the Ranıan spectnını or solicl PZA 171. in the IR 
spcc tra of M-Ni-PZA compounds the v(C-0) 
nıocle is observecl in ıhe range of 1686- 1704 cm - ı 
(L\ = v,0 ı,<1 - Vcoınpl. = 14- I0 cm- 1). Since in so licl 
PZA, a intra molecular H-bond, between the carbo­
nyl oxygen ancl adjacelll anı ide hydrogen, ex ists [71. 
the v(C=OJ mode of the free ıııolecule is expccted at 
higher wavenumber than in the sol id, thu s the real 

Table 2 

sh irt on the v(C=O) vibration should be higher. Wc 
may conc lucle lhat coorcl ination through thc > C= O 
groups in the M - Ni - PZA coıııp l exes is i ıııpliecl by 
the FT-IR spectra. A siınilar coordiııa ti on ıııodc of 
PZA was obscrvccl iıı laııth aııidc coııırı l cxcs 19- l()j 
and iıı adsorbed spccics o ıı ıııctal surf'accs 11'1. 

Thc l' İbra ti oııa l wavcııuıııbcrs of thc Ni(CN).1 

group l'or thc coıııp l cxcs stucli ccl arc g i vcıı in Tablc 2 
togethcr with thosc of Na 2 Ni(CNJ.ı crystal 123 I, 
Hofınaıın- type clathrates 1241 aııd pyricliııc coıııp l cxcs 

[ 14] for coıııpar i son. The CN strctch ing ıııode. ıJ(CNJ. 
is observcd at 2080 cm- 1 in thc lR spcctruın of' sol id 
KCN. whereas the IR ac ti vc ıJ(CN) ıııodc (E 11 ) offrcc 
N i(CNJi 2 group is obscrvcd at 2l30cııı-ı in thc IR 
spcctrunı of so lid K2 Ni(CNJ.ı. Thc upv.,arcl ,hil't oı· 

50cııı- 1 oıı going froııı CN - 1 to N i(CN)~ 2 was 
exp lainccl as the ıııcchaııical coupling of thc 
Ni-C(CN) slretching nıoclc with thc ıJ(CN ) 114]. in 
Hofıııann-lype hosts { M(L)ıN i(CN)4 }. the Ni(CNJ;;- 2 

group is further coord inatecl to thc ıııeta l s (M) through 
the nitrogen atoıııs. in tlıi s casc the IR acıivc v(CNJ 
(Eu) nıocle was observccl arou ncl 2 148- 2 170 cm - 1 

(e.g. for Hofıııaıııı-type pyr i c!iııc coınp l cxes aııcl 

benzene or ani li ne c l ::ıthratcs [ 1,L241). Thc rurthcr 
sh ift wh i clı is around l 8-40cnı-ı coıııparecl to tlı c 
frce Ni(CN).;-2 ion is cxplainccl ıo be thc result or thc 
coupling or ıhe M - N(NC) s ıretc hin g ıııoclc with 
v(CNJ 114.24] . In H orıııanıı- l ypc hosl latti ccs, 
{ M (L) 2N i (CN).ı}, th c CN strctch ing wavcn uıııbcr 

was also knowıı lo be vcry scııs iti vc to thc 
coordination statc oı· thc M(II) atom: iıı the casc ol' 
clccoıııposcd hosl latticcs. whcrc thc ıııctal-ligaııd ( 1.) 

The ı R .,pectral wa,enuınbe" of the :,.;iı C:'i ).1 group vibrations in sodiuın crystal. Hollnann-type pyricli ne ccıınplexes and beıııcne clatlırate, and 

in :vı-Ni-PZA coıııplexes 

Aı.;signnıent ~a·ı Pyriclineh Clathratec :vın 

:vırı Ni :vırı Ni 

Euı-<C:'i) 2132 2155 2170 2152 2161 2149 

2128 
ı.-1 11CN) 2087 2114 2129 2l l2 2120 21 lO 

Eu ıiNiCJ 543 545 550 554 547 

A2., 71\NiC:-.:J 448 453 448 460 456 

E., &NiC:\J 433 432 441 428 436 431 

421 

·' "Na,:-.;i(C.\)0 crv,tal ta,en froııı Ref 123 J. 
h h:Yl(p'fidine),:-S:i(C:-S:) 1 coınplexe> ı:vı = :vırı or :-S:i) taken froııı Ref 11-+!. 
c ·:vıı:-s:H,J,:-Si<C:-S:).,·CaH 6 clathrates (:YI = :vııı or Ni) ta,eıı froııı Ref 12-ll. 

Fe Cn Ni Cet Rel. lııt . 

lııt . 

2151 2152 2160 2150 \ s 

\S 

2110 2133 2113 V\\ 

548 551 554 548 vw 

456 456 458 456 ,h 
432 434 442 429 vs 
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boııds were brokeıı , thc v(CNJ shifted to ca. 
2190 cm- 1 [24.25J, iııdicatiııg the coııtributioıı of an 
electroııic compoııeııt in the up-shift of the bridgiııg 
CN-groups. in ou r complcxes studied . thi s nıode is 
observed in 2l48-2160cııı - 1 • simi lar to those of 
11011-decomposecl Hofmaıııı-type hosts aııcl thi s coıı­
firms the coordiııa tioıı of PZA to the M([I) catioıı. it is 
coııc ludecl that M-Ni- PZA compouııds are similar in 
structure to the Hofmaıııı type two dimeıısioııal 

coordiııatioıı polymer coıııpouııcls, formecl with 
Ni(CNJ7 2 ioıı s briclged by M(PZAJf 2 catioııs. The 
v(CN) Eu a ııd ıS(N iCN ) Eu mocles are both observccl as 
stroııg aııd sharp baııcls in the IR spectra of the 
coıııp l cxcs show iıı g th al Ni(CN).ı groups have a loca! 
D.ıı, symmetry. 

4. Conclusion 

The I R spectroscopic stucly of five ııew complexes 
has shoıA ıı that thcy have s inıilar structures with 
liııkage betwceıı the ~quare plaııar Ni(CNJt aııcl the 
octaheclral M(ll ) through cyaııo bridges. The six 
coorcl iııatioıı of M(Il) is satisfied by four terminal N 
of the cyaııo groups aııd two PZA ıııolecules. IR spectra 
reveal coorcliııatioıı of the PZA through carboııyl 

oxygeıı. 
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