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1,3-PROPANEDIAMINE, 1,4-BUTANEDIAMINE (PUTRESCINE) 
AND 1,5-PENTANEDIAMINE (CADAVERINE) COMPLEXES 
WITH ZINC(II), CADMIUM(I1) AND MERCURY(I1) HALIDES 

AND PSEUDOHALIDES 
I. S. AHUJA and RAGHWIR SINGH 

Chemistry Department, Banaras Hindu University, Banaras - 5 India 

(Received May 30,19 74; in final form November I8,19 74) 

Coordination compounds formed by zinc(II), cadmium(I1) and mercury(I1) halides and pseudohalides with 
1,3-propanediamine, 1 ,Cbutanediamine (putrescine) and 1,s-pentanediamine (cadaverine) have been prepared and 
characterized by molecular conductance and infrared spectral measurements down to 200 cm-’ , Possible structures 
for these complexes in the solid state are discussed. 

INTRODUCTION 

Ethylenediamine possesses two donor sites and may 
act as (i) bidentate chelating ligand forming five- 
membered rings resulting in monomeric structures, or 
(ii) bidentate bridging ligand resulting in polymeric 
structures and coordination compounds formed by 
this ligand with metal(I1) salts have been the subject 
of several investigations. The chelating or cis- and 
bridging or trans- configurations of the coordinated 
ligand can readily be distinguished by infrared spec- 
troscopy. The trans- form being more symmetrical 
gives rise to fewer absorptions in the infrared while 
multiplicity of bands indicate the less symmetrical 
cis- configuration of ethylenediamine.’ Earlier in- 
vestigations on Group I1 B metal complexes2-s have 
shown that MenXz (M=Zn(II), Cd(I1) or Hg(II), 
X=Cl and en=ethylenediamine) are polymeric 
structures with ethylenediamine in the trans- 
configuration bridging between two metal ions. On 
the other hand. 1:l mercury(I1) cyanide and thio- 
cyanate and 1:2 zinc(I1) and cadmium(I1) thio- 
cyanate complexes with ethylenediamine are 
considered to have monomeric structures with cis- 
chelating form of ethylenediamine.6 Furthermore, 
N,N-diethylethylenediamine, an unsymmetrically 
disubstituted ethylenediamine, is shown to form 1: 1 
complexes not only with mercury(I1) halides and 
pseudohalides but with zinc(I1) and cadmium(I1) 
thiocynates as well. All the N,N-diethyl- 
ethylenediamine complexes studied are considered as 
four-coordinated monomeric structures with &elated 
form of the diamine.’ However, symmetrically 
disubstituted ethylenediamines are known to form 

monomeric as well as polymeric structures8-’ 
having chelating and bridging diamine, respectively, 
with transition metal(I1) salts. Although infrared 
spectral studies appear to have been made on the 
coordination compounds formed by 1,3-propane- 
diamine and 1,4butanediamine with some metal(I1) 
salts12-14 there is no report on the complexes of 
zinc(II), cadmium(I1) and mercury@) halides and 
pseudohalides with 1,3-propanediamine, 1 +butane- 
diamine and 1,5-pentanediamine. The increased 
number of methylene groups introduced between the 
two amino groups of ethylenediamine would be 
expected to have an effect on the nature of bonding 
of the ligand. Coordination of the two amino groups 
to different metal ions would result in polymeric 
structures but bonding with the same metal ion 
(bidentate chelating) would lead to the formation of 
six-, seven- and eight-membered rings with 1,3- 
propanediamine, 1,4butanediamine and 1,5- 
pentanediamine, respectively. Five- and six-mem- 
bered rings (including the metal ion) are very 
common.’ * Examples of the five-membered rings are 
provided by ethylenediamine and presence of substit- 
uents on the carbon atoms do not affect the ring 
stability. Increasing the number of carbon atoms 
between the two amino groups would result in an 
expansion of the ring size if the two donor sites 
coordinate with the same metal ion. 1,4-Butane- 
diamine and 1,5-pentanediamine are well known by 
their biological names - putrescine and cadaverine, 
respectively. Both these compounds also called 
“biogenic amines” have long been known for their 
unpleasant odour as well as for their role in protein 
metabolism and are the important precursors of 
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182 1. S .  A H U J A  AND R.  SING11 

TABLE I 
Analytical and conductance data 

l e thod  M.P. Analytical  da ta  Conductance Nature Struc- 

prep .*  (OC) Found CC!C. Found Gal:. Concen- diamine type 
compound of  Metali76 h i o n  (% data  O i  t u r a l  

t r a t i o n  'M bonding 

269 d 31.2 31.1 33.9 33.7 
214 17.7 17.5 41.9 41.8 

235 14.1 13.9 54.5 54.2 
185 34.3 34.1 21.7 21.5 
189 26.5 26.7 38.1 38.0 
164 21-7 21.6 50.0 49.9 
229 37.4 37.1 38.5 38.3 
193 58.0 58.0 20.6 70.5 
176 46.3 46.2 37.0 36.8 
138 61.5 61.4 ... ... 
103 51.5 51.3 30.0 29.7 
206 2 5 . 8  25.6 4 5 . 4  45.4 

275 29.3 21.0 32.0 31.7 
268 21.0 20.8 51.4 51.1 
286 17.5 12.4 4b.5 48.6 
194 24.3 24.2 43.4 43.1 
298 d 41.5 41.3 26.2 26.2 
2 I 1  31.3 31.1 44.2 44.4 
228 25.0 24.6 5b.O 55.8 
739 35.7 35.5 3b.4 30.7 
210 d 56.0 55.7 20.0 13.8 

188 d 45.0 45.6 35.5 33.7 
171 67.8 by.6 .., ... 
107 49.8 41.5 28.6 28.7 

A 2'16 2.1.6 27.4 2y.[ 23.7 
4 2/2 20.1 20.0 .1y.o 48.6 

A 7-36 3Y-5 37.4 35.0 24.11 

A 181 23.3 23.0 41.2 40.9 

A 208 30.3 30.0 43.0 42.7 
n 204 24.0 23.7 55.1 54.8 
A 131 34.0 34.0 35.3 35-1 
n 1c3 d 53.9 53.7 19.1 13.0 

B 142 43.5 43.3 34.8 34.5 
A 13Y 56.5 2b.b ... ... 

0 

0 

1.011 212.2 
@ 

Q 

0.836 yn .8 
1.033 122.0 

d 

1.022 40.7 
1.090 3.b 
0.975 90.1 
0.988 100.6 

Q 

0.869 16.1 

Q 

0.922 42.> 
0 

d 

0.973 38.8 
!-3 

Q 

1 

0.907 4.0 
0.5351 100.6 

br I 

ch IT  

ch IV 
ch I V  

ch I V  

ch I V  

1- 
b r  I 

ch I1 

ch I1 

br I 
ch IZ 

ch I1 

ch I1 

ch I V  

ch I1 

br I 
br I 

ch I1 

br I 

b r  I 
ch I1 

ch I1 
ch I1 

ill 
I 

1.103 
B 
1 

0.9'14 

0.?45 
@ 

0.976 
1.141 

ch I1 
12'1.0 ch I1 

ch I f  

ch I1 

40.2 ch I1 

118.4 i- 
ch I1 

43.0 ch I1 
3.3 oh I1 

1)P = 1.3-priopanediamine; DB = 1 .Cbutanadiamine; DAP = 1,5-pentanediarnine. 
(Q' = insoluble in dimethylformamide, 
br = bridging; ch = chrlating, 
1 = distinction o f  the structural type and the nature ofdiamine bonding cannot be made, 
(&) = A M  in tnho mole cm - ' .  
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HALIDES AND PSEUDOHALIDES 183 

hormones as well as the components of certain 
biological constituents but it is only recently that 
some work as been carried out on their biological 
effects. 

The present paper describes the preparation, mole- 
cular conductance and infrared spectra down to  
200 cm of the coordination compounds formed by 
the interaction of zinc(II), cadmium(I1) and mer- 
cury(I1) halides and pseudohalides with 1,3-propane- 
diamine, 1,4butanediamine and 1,5pentanediamine. 

EXPERIMENTAL SECTION 

The following methods of preparation were used: 

(A) The metal(1I) salt was dissolved in ethanol and 

(B) The metal(1I) salt was dissolved in methanol and 

(C) An excess of the ligand was added to an aqueous 

The complexes which precipitated or crystallized 
out by the above methods were suction-filtered, 
washed with ethanoI/methanol and dried. 

Conductivity measurements were made on freshly 
prepared -1 mM solutions in purified dimethyl- 
formamide at 25'C (+0.5"C) with a Philips Conduc- 
tivity measuring bridge Model PR 9500. 

Infrared spectra in the rock salt region were 
recorded as NUJOL mulls supported between NaCl 
plates on a Perkin-Elmer 257 spectrophotometer. The 
650 - 200 cm-' i.r. spectra were recorded as NUJOL 
mulls supported between thin polythene sheets on a 
Perkin-Elmer 62 1 spectrophotometer equipped with 
CsI optics. 

an excess of the ligand added. 

an excess of the ligand added. 

solution of K, Hg(SCN)4. 

RESULTS AND DISCUSSION 

The complexes obtained in the present study, their 
analytical and conductance data are listed in  Table 1.  
The list of complexes obtained is not likely to be the 
complete range of complexes as only a limited 
number of preparative methods were used. All the 
complexes studied, with the exception of niercury(l1I 
cyanide, are insoluble in the common organic solvents 
like mcthanol, acetone, acetonitrile, nitrobenzene and 
nitromethane. Infrared spectral data of a few of the 
representative 1 : 1 complexes considered to have 
four-coordinated polymeric chain structures with 
the trans- form of the diamine bridging between the 
two metal ions are listed in Table 11. Tables 111 and IV 

TABLE I1 
Infrared spectra of 1: 1 bridged diamine complexes 

(4000-200 cm" ) 

Zn- Tentative 
Zn(DP)Cl, Cd(DB)Cl, (DAP)Cl, assignments 

3250 m 3283 m 

3230 m 3266 w 

3148 s 3174 w 

2950 sh 2950 sh 

2920 m 2924 w 

2850 m 2850 m 

1600 w IbW 8 

1460 s 1458 s 

1375 s 1374 s 

1300 m s  ... 
... 1264 ms 

1210 ms ... 
1154 ~8 1124 vs 

1027 w ... 
1045 m 1046 B 

960 s 959 s 

f00 w 724 m 

>60 me 541 s 

520 ms ... 
450 w ... 
430 m 425 w 

3b3 m 316 nm 

310 m ... 
296 m ... 
&5 X ... 
400 w ... 
250 w 272 w 

3260 m 
3240 m 
3158 8 

2955 sh 
2930 m 
2b60 m 
1600 vs 

1462 6 

1380 m 
1320 m 
1260 s 
1200 m 
1165 vs 
1095 w 

1030 s 

970 s 

705 w 

540 m 
560 ms 

4b5 W 

433 w 

395 ms 
305 m .*. 
... 
... 

283 m 

NH2 asym. stretch 

NH2 asym. stretch 

XH sym. stretch 

C h  a s p .  stretch 

CL12 asp. stretch 

CH asym. stretch 

NR2 scissor 

CH scissor 

CH2 wag. 

NH2 wag. 
:ti t w i s t  

CH2 t w i s t  

NH2 wag. 

L'N stretch 

TJ stretch 

MI2 t w i s t  

Cti:, rock 

RE2 rock 

NH2 rock 

chain skeletal 

chain skeletal 

N - M stretch 

M - X stretch ( X  - C 1 )  

M - X stretch 

other bands 

other bands 

other bands 

2 

2 

2 

2 

2 

list the i.r. spectral data for 1 : l  and 1:2 complexes, 
respectively, which are considered as monomeric, 
four-coordinated and six-coordinated structures with 
cis- chelating form of the diamine. Frequencies due to  
coordinated cynano- and thiocyanato- groups are 
shown in Table V. Assignments of the metal - 
nitrogen and metal - halogen/pseudohalogen bands 
are tentative. Complexes of the type MLX, 
(L = bidentate chelating ligand and X = halogen or 
pseudohalogen) may be postulated as four- 
coordinated tetrahedral structuras - type 1 or 11, with 
bridged or chelated form of the diamine, respectively. 
Similarly ML2X2 complexes may be formulated as 
types I11 or 1V in which the halogen atoms occupy 
terminal positions with bridging or chekdting form of 
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TABLE 111 

(4000-200 cm-' 1 
Infrared spectra of 1 : 1 chelateddiamine complexes 

Zn(DP) Zn(DB) Zn(DAP) Tentative 
(NCS), CNCS), (NCS), assignments 

3306 w 

3280 w 

3250 
3200 m 

3120 m ... 
2950 sh 

2920 m 

2850 m 
1565 Q 

1572 m 

1560 w 
1460 s 

1395 m 

1375 6 

1360 m 

1310 m 
1300 w 

1280 m 

1237 w 

1194 
1148 5 

1100 5 

1065 m 
1030 w 
1020 w 

995 vs 
980 w 

904 8 

715 w 

YbO W 

... ... 
435 m 
380 m ... 
330 w 

240 w 

3283 ms 

3254 m 

3217 s 
3133 w 

2960 sh 

... 

... 
2920 me 
2850 m s  
1580 w 

1566 me 
1556 sh 

14% 8 

1394 ma 
1370 ma 
1350 vw 
1313 vw 

1308 m 
1261 m 
1266 mg 

1204 s 

l l b 2  a 

1096 s 

1042 m6 

1025 s 

... 
1000 me 
964 w 
Y37 s 
904 w 

733 m 
600 m 
541 m 
433 mx 
366 m 
400 m 
278 
... 

3296 m 
3262 rn 

3220 w 

3135 m 
3108 W 

2960 sh 
2920 Is 
2060 m 
1580 m 
15b3 s 

1462 s 
1400 n 

1380 
1375 sh 

1330 m 

1310 w 

1270 m 

1256 m 
1200 6 

1150 v6 

1050 m 

... 

... 

1100 6 

1030 s 

... ... 
975 m 
955 ... 
728 m 

550 ms 

425 ms 

3 5  m s  

330 w 

305 

... 

... 

NH2 a s p .  stretch 

ITH2 a s p .  stretch 

NH2 a s p .  stsetoh 
NH2 sym. stretch 

NH2 sym. stretch 

NH2 sym. stretch 

CII asym. stretch 

CH2 asym. stretch 

CH sym. stretch 

XH2 scissor 
WH scissor 

NH scissor 

CH scissor 

CB2 wag. 

Ch2 wag. 

CH2 wag. 
NH2 wag. 

NH2 wag. 
GH2 t w i s t  

CH2 t w i s t  
CH2 t w i s t  

NR2 wag. 
Ring moee 

C b  stretch 

CN ztretch 

CN stretch 

NH2 t w i s t  

NH2 t w i s t  
CB rock 

NH2 rock 

NH2 rock 

NH2 rock 

Ring mode 
H - N stretch 

other bands 

other ban& 
other bmds 

2 

2 

2 
2 

2 

NH2 t w 1 s t  

2 
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spectroscopy and magnetic susceptibility measure- 

the diamine. Infrared spectra of some of the represen- 
tative compounds showing the bridging and chelating 
forms of the ligands used are shown in Figures 1-3. 

Although the techniques of electronic absorption 

ments yield unambiguous structural information of 
the transition metal compounds these could not be 
studied for the zinc(II), cadmium(I1) and mercury(I1) 
complexes as these metal ions have closed shells of 
valence electrons. However, stereochemistry of the 
compounds studied in the present investigation has 
been postulated from a comparison of the metal- 
ligand modes and the vibrations due to coordinated 
anionic groups with similar modes in complexes 
whose structures are known from X-ray crystal- 
lography and/or magnetic susceptibility and infrared 
spectral studies. 

Infrared spectra of the diamines used in the 
present study exhibit only a small number of absorp- 
tion bands in the uncoordinated state. In spite of the 
increased number of methylene groups in between 
the two amino groups the i.r. spectra of these 
diamines show close resemblance to the i.r. spectrum 
of ethylenediamine. The vibrational spectra of 

I II 
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x 

Structura t Types 
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I I I I 1 1 
1000 1zoo 1100 1600 

- '  
8110 

WAVENUMB ER cm-' 

FIGURE 1 l,>Propanediamine complexes A - Zn(DP)C12; B - Zn(DP),Br,; C - Zn(DP)(NCS)? 

1,3-propanediamine, 1,4-butanediamine and 1 3 -  
pentanediamine, their hydrochlorides' 6 - 1  and 
their metal complexes' - 4 9  have received some 
attention. Infrared spectra of the compounds studied 
here show clearly that the diamines used are coor- 
dinated via both the nitrogen atoms of the amino 
groups. The formation of coordinate bond between 
the diamines and the metal(I1) salts is immediately 
apparent in the NH and CN stretching regions. The 
NH stretching frequency regon (3400-3100 cm-') 
generally shows three or four distinct sharp peaks in 
all these compounds. Only two bands would be 
expected for the NH asymmetric and symmetric 
stretching modes. However, appearance of more than 
two bands may possibly be due to Fermi interactions. 

The NH deformation mode at -1600 cm-' in the 
free diamines appear as medium to strong sharp peaks 
usually with a shouldel in the region 1610- 
1550 cm-' in the complexes studied here. This shift 
in the NH deformation mode has also proved 
useful in distinguishing the chelating and bridging 

forms of the diamines.20,2 l The CN asymmetric and 
symmetric stretching vibrations in the uncomplexed 
diamines occur at -1090 cm-' and -1070 cin-', 
respectively. On coordination these bands suffer 
negative shifts and occur at -1050 cm-' and 
-1030 cm-' , respectively. The shift of NH and CN 
stretching modes to lower frequencies in the com- 
plexes can be explained as resulting from the electron 
drainage from the nitrogen atom on account of its 
coordination to the metal ion. In general infrared 
spectra of the complexes with the diamines bridging 
between two metal ions exhibit 9-10 absorption 
bands in the region 1600 - 650 cm-' while 20 -- 22 
bands are observed in complexes with chelated form 
of the diamine. Splitting of bands in the spectra of 
chelated diamines generally occurs in two regions 
(i) 1320-1250 cm-', and (ii) 1070-1000 cm-' 
Usually one sharp band is observed for bridging 
diamines at  -1040 cm-' which splits up into 2-3 
bands in the range 1070-1000 cm-l, while the 
band at -1250 cm-' splits up into 2-3 bands in the 
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I A 
81 C 00- '709 1100 1600 

K A v  Cf iUMBER,  c m '  

FIGURE 2 1,4-Butdnediamine complexes A - Zn(DB)Cl,, €3 - Cd(DB)CI, 

range 1325- 1 2  0 cm-' in the chelated diamine com- 
plexes. In addition to these the NH deformation 
mode suffers a significant negative shift (vide supra) 
and shows multiplicity of bands when the two 
nitrogen atoms of the diamine coordinate to the 
same metal ion. 

Infrared spectra of the complexes reported here 
have many features in common to those of the 
ethylenediamine complexes. Spectra o f  the com- 
pounds marked type I (Table I )  show remarkable 
similarities with those of the 1 :  1 complexes of  
zinc(l I ) .  cadmiurn(l1) and mercury( 11) chlorides with 
ethylenediamine which have been shown by infra- 
red, Raman and/or X-ray structural investigations to 
have linear polymeric chain structures with the 
diamine in its trans- configuration acting as a bridge 
between two metal atoms.'- s q 2 2 , 2 3  On the other 
harld, i.r. spectra 01' the complexes considered lo 
have chelated form of the diamines (Types I1 and 1V) 
exhibit multiplicity of bands and resemble closely 
with those of the metal(l1)--ethylenediamine com- 

plexes in which the cis- chelating form of c hylenedia- 
mine has been * ,24,25 Thus 
1,3-propanediamine, 1,4-butanediamine and 1,5- 
pentanediamine may act as bidentate bridging or 
chelating ligands; when chelating they lead to the 
formation of six-, seven- and eight-membered rings, 
respectively. Several complexes of metal salts are 
known with six-, seven- or eight-membered rings 
which are quite stable.' * The present studies indicate 
that among the niercury(l1) complexes of the same 
stoicliometry (meta1:ligand ratio) with a given 
diamine the tendency towards chelation increases in 
going from chloro- to bromo- derivatives. Further the 
tendency for chelation also appears to increase as the 
number of methylene groups increases between the 
two amino groups. 

Metal(1ij Halide Complexes 

From a consideration of the metal-halogen stretch- 
ing modes2 ' the 1 : 1 zinc(1I) and mercury(I1) 
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W 
V z 
4 
Ly 
a 
0 
In 
D 
4 

I I I I 1 I I 

U A V  EN UM B ER , cm-' 
5 800 1000 1200 . l L O O  1600 

FIGURE 3 1,s-Pentanediamine complexes A - Zn(DAP)CI, ; B - Zn(DAP)Br, ; C - Zn(DAP)(NCS), 

halide complexes in the present studies shown to have 
chelating diamines (Table 111) may be considered as 
monomeric four-coordinated structures (type 11). On 
the other hand, 1:l  compounds with bridging 
diamines (Table 11) are considered as four- 
coordinated polymeric structures with only terminal 
halogens (type I). The 1:2 complexes ML2Xz are 
postulated to have an octahedral environment of the 
ligand atoms around the metal ions. The two 
halogens in the 1 : 2 complexes may be in cis- or trans- 
positions to each other. The cis- and trans- isomers in 
bisethylenediamine metal complexes can easily be 
recognized from their infrared spectra. Consistent 
variations in the cis- and trans- isomers in bisethylene- 
diamine complexes have been observed in the regions 
(A) 1630 - 1520 cm-' (B) 1150 - 1120 cm-' and 
(C) 900 - 850 cm-' and several complexes have thus 
been characteri~ed.~~-*Y Infrared spectra of the 1 : 2  
complexes studied here indicate clearly that the two 

anionic groups are in trans- positions to each other as 
the unsymmetrical cis- disposition of these groups 
will give rise to greater number of absorption bands in 
the regions cited above.27- 2 9  Cadmium(1I) halides 
gave 1 :2 complexes with 1,3-~ropanediamine but 1 : 1 
with L4butanediamine and 1,s-pentanediamine. 
Rock salt region i.r. spectra show bidentate chelating 
nature of the diamines in all the cadmium(I1) halide 
complexes except the 1 : 1 cadmium(I1) chloride and 
bromide complexes with 1 ,4butanediamine. The 
bidentate chelating nature of 1,3-propanediamine 
(vide supra) combined with the non-electrolytic 
nature, the 1 : 2 cadmium(I1) halide complexes with 
this ligand are considered as six-coordinated struc- 
tures with the two halogens in the trans- positions. 
The metal-halogen stretching modes in octahedral 
cadmium(I1) halide complexes and the Cd-Br and 
Cd-I stretching modes in four-coordinated com- 
plexes are expected to occur3o below 200 cm-' the 
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HALIDES AND PSEUDOHALIDES 

TABLE V 
Infrared spectral data (cm -' ) of metal(I1) pseudohalide complexes 
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h(DP)(NCS)2 2100 sh 825 w 480 w 
2080 8 470 m 

ZII(DB)(RCS)~ 2100 x 816 m 483 m 
2083 B 792 m 466 m 

Zn(DAPj(NCS)2 2116 m 765 m 470 a 
2090 Q 465 sh 

Cd(DP)(NCS)2 2090 p8 770 m 465 w 

Cd(DB)(NCS)2 2108 vs 770 m 458 ma 

Cd(DAP)(NCS)2 2085 vs 760 ma 470 sh 
462 B 

Hg(DB)(SCN)2 2113 v6 708 m 425 

Hg(DP)(CN)2 2158 8 . . . . . .  
2066 w 41'7 sh 

285 m 
260 m 

280 m 
250 m 

290 m 
260 m 

215 w 

... 
220 mar 

291 w 

292 w 
274 m 

266 x 

... 

... 

... 

... ... 

... ... 

... ... 

... ... 

... 1 . .  

... C. .  

... ... 

.,. ... 
3 5  s 320 Q 

305 w 

374 m 316 m 

365 s 290 m 

lower frequency limit of the far infrared spectro- 
photometer used in these studies. 

Metal(II) Pseudohalide Complexes 

Zinc(II), cadmium(l1) and mercury(I1) thiocyanates 
gave 1 : 1 complexes with the diamines studied except 
that mercury(I1) thiocyanate did not react with 
1,s-pentanediamine. Rock salt region i.r. spectra 
indicate the bidentate chelating nature of the dia- 
mines in these compounds except the l : l mercury(I1) 
thiocyanate-l,3-propanediamine and 1 : 1 cad- 
mium(I1) thiocyanate- 1,4butanediamine complexes 
which show bridging diamines. Fundamental vibra- 
tions associated with the coordinated thiocyanate 
groups (Table V) are consistent with terminal N-bonded 
SCN groups in the 1:l zinc(I1) and cadmium(I1) 
thiocyanate complexes and terminal S-bonded in the 
case of mercury(I1) thiocyanate complexe~.~ ' The 
1 : 1 mercury(I1) thiocyanate-- 1,3-~ropanediamine 
and 1: 1 cadmium(I1) thiocyanate-l,4-butanediamine 
complexes are postulated to have four-coordinated 
polymeric chain structures (type I) with the trans- 
form of the diamine bridging between the metal ions 

while other 1: 1 zinc(]]) and mercury(l1) thiocyanate 
complexes are considered as monomeric four- 
coordinated tetrahedral structures with cis- chelating 
configuration of the diamines (type 11). The mono- 
meric tetrahedral structures exhibit two bands in the 
vCN, 6 SCN and vM--NCS/SCN regions consistent 
with the symmetry group of the corn pound^.^^ In 
the cadniium(I1) thiocyanate complexes (except that 
with 1,4butanediamine) the bridging or chelating 
nature of the diamines used cannot be distinguished 
clearly from their i.r. spectra. These compounds 
exhibit less splitting of bands and the total number of 
bands in the range 1600-650 cni-' is slightly more 
than the bridged diamines complexes but much fewer 
when compared with chelated complexes. Hence no 
definite information can be derived from the i.r. 
spectra of these complexes. 

Mercury(II) Oanide  Complexes 

Mercury(I1) cyanide gave 1 : 1 complexes with 
1,3-~ropanediamine and 1 ,5-pentanediamine, but a 
2: 1 compound with 1,4butanediamine. Zinc(l1) and 
cadmium(I1) cyanides did not react with the diamines 
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studied. Infrared spectra indicate clearly the presence 
of bidentate chelating nature of these diamines. The 
observed frequencies associated with vCN, vHg - C 
and 6Hg C N modes are consistent with terminal 
cyano With bidentate chelating 
diamines and terminal cyano groups the 1:l com- 
plexes may be considered to have a four-coordinated 
environment about the metal ions. 

Metal - Nitrogen Stretching Mode, 

l 'he two terminal amino groups in ethylenediamine 
which are separated by two methylene groups are 
considered to have an inductive effect and thus 
perturb the molecular vibrations. f towever, in the 
uncoordinated I ,3-propanediamine, 1 ,Cbutdne- 
dianiine and 1,5-pentanediamine there is no inter- 
action between the two terminal amino groups 
because of complete free rotation and this fact can 
easily be recognized from their almost identical values 
of dipole  moment^.^' The basicity of these diamines 
show an increase from ethylenediamine to 
~adaver ine .~  Furthermore, from a consideration of 
the ability of the NH2 groups to donate electron 
density to metal ions one may postulate the relative 
strength of the metal ~ ligand bonding in metal - 
diamine complexes as 

ethylenediamine < 1,3-propanediamine < 
1,4-butanedimine < 1,5-pentanediamine. 

In the present studies these diamines appear to form 
weaker complexes as indicated by the lower metal -- 

nitrogen stretching frequencies (Tables 11--1V) than in 
the case of ethylenediamine complexes. This is easily 
understandable by considering the flexibility of the 
ring size which increases from ethylenediamine to 
cadaverine. As a result the ring skeletal frequencies 
would be expected to  absorb at lower energies, in 
fact, much closer to the expected range of metal - 
nitrogen stretching frequencies, Tables 11-IV 
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