
Tikrit Journol of Pure Science 19 (3) 2014 ISSN: 18tJ - 1662

New Coordination Polymers of Nickel and Cobalt with Thiolactic and
Thioglycolic Ligands

Akram A. Mohammed, Nabil Il. Buttrus, Mohammed J. lssa
Chemistrv Deportmekt ,College ofScience , ilosul Univ$it]. llos l , Iruq

(Received: 2 / 12 / 2012- Accept€d: 19 / 5 /2013)

Abstract
This work involves the prepamtion and investigation of new coordination complexes ofNi (II) and Co(lI) with
the ligands thiolactic (L1) and thioglycolic (L) acids. The analysis ofthe purified products with UV, IR and
magnetic measurements shows square-planer environment oflhe complexes having the formula: [M(L!)r] and

[M(L)z] where M is the transition metal ions. The prepared complexes were converted to macromolecules
through the addition ofethylene diamine (en) and diethylene triamine (dien) . The new products show the hexa-
coordination configuration when investigated by using the prementioned techniques. The limiting viscosity
measurements show lhat the new products possess high molecular weight when compared with the original
complexes. This observation reveals that the terminal and intermediate amine groups are playing an imponant
role in connecting neighbor molecules or ions and converting them to macromolecules. Thermal stability
thermograms show the high stability ofthe new complexes ifcompared with the original one. Also, the stability
increased directly with the amount ofthe amine added.
Key words: Coordination Polymers, ThiolaAic and Thioglycolic acids, Nickel and Cobalt.
Introduction
Coordination polymers of rare eanh and transirion acetate (hydrated) and Cobalt acetate (hydrated) were
metals have received significant attention in recent reagent grade (Fluka). Solvents; Ethanol , Ether and
years because oftheir potential optical, magnetic and DMSO commercially available were used without
porous properties, especially for the carboxylates lr-61. further purification .

The nature of binding between metal ions and ligands Preparation ofcomplexes
continues to be a focal poiDt of rescarch in l-Thiolactic acid complex€s [M(Lr)rl
coordination chemisfy. The search for new ligands Nickel salt(0.01 M,2.49gm)ani cobalt salr (0.01 M,
with enhanced -affinity for metal ions such as Co" . 2.4g Eml were dissolved in l0 ml ethanol
Ni*2,ft*2, Pd*2 and Hg*2 has attracted much interest. ,.rp""tiu"iy. Thiolactic acid (0.02 M,2.12 .,n)
Different studies have led to grafted or encapsulated dissolved in l0 ml ethanol was as added to each
ligand inorganic polymers, and sol-gel for toxic metal solution . The mixtures was refluxed for 3 hrs in l0O
separation and environmental application I'-r01. ml round flask. After cooling the precipitale was
Mercapto ligands RS-H are major class of ligands with separated, washed with ether then dried under
high affinity for M'2 ions are have successfully used vacuum.
10 remove Hg*2 ions tom aqueous solutions. A series 2-Thioglycolic acid complexes [M(Lr)rlof new 2-phenyl pyridine Au (lll) complexes To simiflisolutions ofnickel and cobatt mentioned in
[Au(ppy)x] wirh various thiolate rigands_ has^ boen (l), (0.02 M, 1.84 grn) ofthiogrycolic acids dissolved
synthesized and characterized *lT. XJS!N).. in'10 ml ethanol was added. The procedure rhen
(Ncs) (r), TLc (thioractate) (2), Tsc (thiosalicylatll continued as mentioned in clause (l).(3)' DMP (2,3dimercapto'l -propanol) (4)' 

-DM-s J- Ethytene diamine (en) complexes

,il"ll["'""iH'tiiii'Siii'^31;lil:d."'J'"i;-,y1"1til1;1#t;*:*;'#,i;;"",",.
two soft carbanion and sulfer donor mutually cis to ;i;iC;"];;; 

"id"d 
to th" imilexes [M (L,),]

eacn outer ..- -

rhe reaction between Incl3 wirh sodium mercapto :1,::,"* ift,'il'-i'"l,lj,jltlrY',i;ff,9"T'i:
acetic acid NascHrcooH in 4-methyl .pyridine i"nr-J-rr, : hrs then precipitated by cooling. The
affords [Cl In(scH,coo)r] [4Me Py tl]r ' X+ay of ,i*iri*. ""ri"a with erher rhen dried uoderthe complex show a distoned square owamidal
geometry with..rhe 'SCH,C@ ligands in'the trans []'Jt,>nrrt ,rd lM(r4h(en)rl comptexes :
conformationstl:1.
Metar comprexes wirh dituncti-,a,l,*i!,,,1",,y:!Y :1|:fffj'ffi'""j:#,1';l?"ilLXiT;','""$,'lil
interesting and in continuation of our srudies r''''", (i; ;;;tr; to rhe following weights afterwe are pres€nting hcre the preparation and dis,.rrlrg 

-ii'i 
o ml erhanol, (0.01 lvt, 2.66 gmpo

characterization of new coordination oolvmers of -'--, "'' "; ;;
6-.;, -JNr.,*r,r,ir,i,r"ir" *iiil"eb"Jn.i;;;,.' ;I:iT.T..,,1,,1,#f":ir:f, 

Ni comprex. rhe

Erperimental
Mrterials 4- Diethylene triamine (dien) complexes

rhioractic acid (11), rhiogrycoric acid (1,)..Ethyrene ;lilJ[?: 
t;:i,Xlfl:i[Y1? 

i':# f,Tt',",Hi,;. ,,diamine (en), Diethylene triamine (diene), Nickel iO ^i"tf,-.i *", added to the complexes of Ni and
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-,\j*. -A s.lr Jcr;. r"! it psl
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Viscosity measurements
The molecular weight of poll,rners was determined
viscometrically. lntrinsic viscosity [q] was used as an
approximate measure for molecular weight changes
according to Mark-Hauwink-Sakurada equation lo'l 

:

tnl = K (MJ"
Where, M, = viscosity average molecular weight .

K and a = constant dep€nding on pollmer, solvent
and temperature .The determined [1] values listed in
table I show low values for the primary complexes
(A,B,C,D) if compared with the rest complexes . This
phenomenon may be explained by the high steric
hindrance of the coordination monomers which
prevents high degree of polymerization . This result
agrees with charles findings t*l , where he got an
oligomeric compound on polymerization of
[Cu(CHTCO:):CH;CI{CH3COr)r] Such behavior
was explained by the intermolecular chain
termination caused by the transfer of an elechon fiom
the coordination metal to the centre of the chain
(chain-transfer to monomer) and the transfer of the
metal ion (MII) to its oxidized state (MIII) . Kluiber
and lewis t"l mentioned that the main reason for the
low molecular weight of the bidentate chelated
polymers is due to the insolubility of certain parts of
the chain in the medium , which pIevents the growth
ofthe polymeric chain .

lnvestigation of hl yalues of the rest complexes
show that the addition of (en) and (dien) ligands to
the complexes leads to high [1] values which reveals
the formation of high molecular weight compounds .

The terminal (NH) and int€rmediate ('NH-) groups
in (en) and (dien) ligands may form H-bands with the

neighboring carbonyl groups. As well as , complexes
chelated with two (en) or (dien) molecules show
higho viscosities than complexes chelated with one
(en) or (dien) molecules. Moreover, viscosities of
(dien) and (dien)2 complexes are higher than the
similar (en) and (en)b complexes . One the other hand

, differences in ligand lorgth affects the complexes
molecular weight ; so [1] show high values when L1
ligand (lhiolactic acid) is used than L, ligand
(thioglycolic acid) .

Thermal stability
Thermograrimetric analysis (TGA) at variable
temperatures in air of Co and Ni polymer complexes
are shown figures I and 2 respectively . Investigation
of these thermograms show three dislinguishable
weight depression : firstly at 100-120 'C , the second
aier 160 'C and the lasl after 320 'C .

These changes in weight are explained as a result of
the gradual decomposition ofthe compounds at these
tcmperatues. The comparison ofthermal slability of
the original complexes with their polymeric (en) and
(dien) polymers show high $€rmal stability of the
latter compounds. This effect may be due to the many
coordinalion established from different amine groups
which, in tum increases the molecular weight and
thermal stability of he polymeric complexes. ln
general it was found that th€rmal stability of cobalt
and nickel complexes with (en) and (dien) ligands
decreased in the following order: (dienL > (en)2 >
dien>an>original
This observation shows thal increasing amino groups

leads to more stable complexes due to large number
of H-bonds formed .

]

(.4 |

_ ..r_r i .

Fig (2) : TGA th€rmogrsms ofthioglycolic acid
with cobrlt (A) srd trickcl @)

Fig (l) : TGA thermograms of thiolactic scid with
cobalt (A) ard nickel (B)
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Scheme (3)
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Tsble 3 : lnfrared ral data of the free I

cm-r shifted to lower fiequency assigned coordination
with neighbor metal ions t"'*l . The IR spectra of
(Sl0 show absorption bands in the region 2370-2560

cm-r shifted some what to higher tequencies which
assigned no coordination with the original metal ion
but coordination with the neighbor metal ion tor'n2l 

.

ISSN: 1813 - 1662

nds and their and N com plexes

Au l)M-oNo. DM,N uNH2 usH

A r 578G) 1326(s) 192 460(s) 2360(m)

B l sE6(, 1396(s) 190 500(w) 236s(m)

C 1596(s) l39s(s) 20t 491(m) 24s0(m)

D r 5e5G) l39s(s) 200 510(s) 2360(m)

t l5 8l G) r 384G) 197 460(s) 410(m) 3266Gn\ 2s00(m)
l s78(s) l3 83(s) 195 480(s) 400(m) 3270(m')

33sE(m)
2500(m)

3 l s93(s) l38s(, 208 470(w) 4r8G) 3290(m) 2530(m)
l s93(s) 1386(s) 197 466(m) 405(s) 327 s(w)

3370(w)
2435(m\

1575(s) 1364(s) 2l 463(m) 420(s) 3260(m) 2560(m)
6 r6r lG) l40l(s) 210 47sG) 420(s) 327 5(w)

3360(w)
2500(m)

7 r 580G) 1384(s) 196 46sG) 400(m) 327 s(n) 2s30(m)
8 l sE9G) l3E5(s) 204 475(w) 416(s) 3280(w)

3380(w)
2490(m)

9 1sEoG) 1370(s) 2to s l0(, 42s(s) 326s(m) 2515(m)
10 1585(s) 1380G) 20s s22(s) 430(m) 3270(w\

3380(w)
2s20(m)

ll 1642(s) 1432G) 2t0 478(s) 466(m) 327 5(w\ 2s00(m)
t2 1640(s) 1435(s) 205 521(s) 465(m) 3270(w\

3275(w\
2480(m)

t3 l5E0(s) 1384G) 196 468(m) 442(s) 3265(m) 2370(m)
t4 1599(s) 1408(s) 19t 492(m) 440(s) 3270(w\

3400(w)
2s00(m)

l5 1627(s) 1430(s) s30(m) 415(m) 3270(m) 2sl0(m)
l6 l s82(s) 1389G) r93 530(m) 462(m) 326s(w)

3395(w)
2560(m)

(s)=strong (m)=medium (w)=weak (M)=metal ion

Complex structures
From the listed information's it may be concluded that
the suggested chemical structures of the prepared
coordination polymers are as follows :

a/The complexes A-D have the square planer
geometry (Scheme t) .

b/Addition (en) and (en)z ligands to the mmplexes
(l-8) gives an octahedral polymer units (Schanes
2,3) .

c/Addition (dien) and (dienL ligands to the
complexes (9-16) leads to polymeric octahedml units
(Schemes 4,5) .

4
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oTlg (r; 

-->oT,g 

(p) (ur) .

While low spin tetra- coordinated Co (ll) complexes
(A and C) show absorptims 18023-l E34E cm'r which
assigned to the electronic transitioo (aArg tE,g)

which suggest the square-planer structure of these
comPlexs5 Ile 2oi 

.

Nickel complexes
The hexa-coordinated Ni (ID complexes
(3,4,7,8,1 1,12,15,16) show magnetic moments values
in the range 3.26-3.48 B.M. Table (l ), which agrees
with the high spin octahedral structures [25'rl, while
tetra- coordinated Ni (ll) complexes (B and D) show

Infrared spectra
Table (3) shows the more characteristic infrared
speclral bands of the free ligands and their
complexes. The most significant information on the
geometry ofthese complexes comes from the analysis
ofthe slretching fiequencies ofthe functional groups

which are closely related to the way in which they are
coordinared to the melal ion [rrl . The lR spectra of
the complexes show in the carbonyl stretching region,
broad and intens€ bands ranging between 1540-1642
cm-r and 1395-1430 cm'r assigned for asym. u coo an
s].m. u coo respectively. Table (3) lisls the magnitude
ofAu (Au- u -h u-.) values. When Au is between
150-180 cm-r . it suggests the presence of
monodentate bonding of carbonyl group to metal ion,
and suggests a bidentate attachment when Au is
between t90-295 cm-r []2'3rl . In some cases , when

Table 2: Electronic spectrr of Co(II) and Ni(U) complexes in DMSO solvent

magnetic moments properties which toints the
square-planer structure 12''281 

.

The electronic spectra ofthe same complexes exhibit
three transitions in the ranges 700G11000 cm-t ,

12000-20000 cm-r and 21000-28000 cm'r , which
b€longs to the transitions I'-3ol :
nArg 

1F; -------------r 
rTrg (F) (D,) .

nerg ir; --------------+'T,g (F) (rrr) .
aArg (F) '--------+ rT'g (P) (ur) .

While the tetra- coordinated NioI) complexes (B and
D) show exhibit two absorptiofl bands at 15384-
16525 cmt which belongs to the ransition rArg

-> 

rBrg (ur) . The position of these tsansitions
agrees with square-planer Ni(ll) structure .

Au > 200 , it means that the only way in which all
carboxylate groups are bound to the maal atom is
through polymeric structurc t'or5l The M-o
absorption binds appear generally at 450-550 cm-r t36l

. Our results show absorption bands at 460-530 crn-t
which coincides with the previously mentioned
results [3r'r81. Moreover , the IR spectra show
absorption bands in the region 400-466 cm'r , which
are assigned to M-N, this result agrees with the
literature where M-N absorption appears generally
360-500 cm-r t]61 , The absorption due to uNH2 group
for all complexes contain (en) and (dior) ligands
except (A,B.C.D) appears at 3260-3282 cm-t . Tltis
band generally appears at 3,100 cm-' . but because of
coordination , it is shifted to lower frequency , thal
means it is shared in coordination As well as ,
frequencies of (NHr) absorption band at 3850-3,100

ISSN: l8l3 - 1662

C o cornplese,< f.lecn ouic flausmissiotrs cm
-------)

I 1010I lll6l 10000
1 t0l0.r 11131 t0000

101{1 16066 t5 6+t
6 10t0.1 161-19 l.ll90
9 1089_i 16_i.11

t0 101S6 16_19-1 11809
13 1011r 11595 }li{
l-t 101r I 1+_100 Ill.l

t.{r,-.--+ tE.

-{ l8_l{8
( l80t-r

\i ( ompleses -{rg(f )- --jTrs(r) 'Trg(f ) --------*'T:g(r ) 'rrg(T) - - 

"T!g(r)3 10:0{ 113{i ti000
{ 1089-1 18i 16 :i115

1176-l t@17 t6l1-i
8 116t7 1i_i+s li 641

1l 10.1_i s 17600 15974

1l 11161 169.19 I+11
I5 101s3 lt7ll 27i{3
16 10869 116ll !7)7

r-{1g -------+ r-!g '-\rg -----+'Brg
B 1538+ 13519
D 16)l5 l.{i90

34
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Co prepared in (l ) according to the weights (0.01 M,
2.66 gnr) Ni and (0.01 M, 2.66 gn,) Co dissolved in
l0 ml ethanol .

blM(ta), (dien)rl and lM(faL (dien)u I complexes :

Diethylene triamine (0.02 tvl, 2.06 em) dissolved in
l0 ml ethanol was added to the same complexes ofNi
and Co prepared in (4a). The p.ocedure then
continued as mentioned before .

Physical measurements
The IR spectra was recorded on Tensor 27Co
Brucker (FTJR) spectrophotometer in the region
(2504000 cm-') using Csl pellets. Electronic spectra
were recorded on Shimadzu (UV-Vis) solutions of
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complexes in DMSO at 25 'C using I cm quartz cell.
Magnetic measurements was operated using solid
state Faraday's method by using Brucker BM.6
balance at 25 "C . Intrinsic viscosity was determined
by using Ubbelohde yiscometer at 30 "C in DMSO
solvent. Thermogravimetric analysis (TGA) was
obtained by using the method mentioned in refl16l .

Resulls and l)iscussion
1- preparation ofCo and Ni complexes
Co and Ni complexes with thiolactic and thioglycotic
acids are prepared by the reaction ofthese acids with
hydrated acetate salts ofthese metals :

M (CH3CO2)2.4H2O + 2 CH3.CH(SH)COrHjffi9L-tM(C6I|r0O4S + 2 CH3CO2H + 4H2O

M (CH3Cor2.4H2O + 2 HS .CH2.CO2H j$ffL* [M(C4H6O4S2)] + 2 CH3Co2H + 4H2O

M=Ni or Co.

2- preparation of polymeric complexes
These complexes are prepared by the addition of the
binding bases, elhylene diamine (en) and diethylene

Characterisation of complexes
The coordination complexes of thiolactic and
thioglycolic acids with Co(II) and Ni(U) and their
polymeric forms with (en) and (dien) are
characterized as shown below :

Magnetic moments and Electrotric spectra
Cobalt complexes
The hexa-coordinaled Co (II) complexes (l,2,5,6,9,
10,13,14) sho\r, magnetic moments values in the
range 4.72-4.96 B.M. Table (l) , which agrees with
the high spin octahedral structues, while tetra-

hiamine (dien) in two ratios l:l and l:2 (complex:
base).
The formula structures, yield (%), colors and
decomposition temperatures are shown in Table ([).

Table I : Formula structures , feld(yo) with some physic8l properties of thc prepared coDplexes with
Nickel and Cobalt

coordinated Co (ll) complexes (A and C) show
magnetic momenls ranged between 2.32-2.51 B,M.
which agrees with square-planer Co (ll)
strucluresllll3] -

The electronic spectra of high spin hexa-coordinated
Co (ll) complexes Table (2) exhibit three transitions
in the regions 7000-10000 cm'' , l2OO0-l6000 cmr
and 17000-22000 cm-r , belonging to the transitions
lr7-ml .
oTlg (F)--------------+ 4Trg (F) (ur) .
aTlg (F) 

------+ 
aArg (F) (u:) .

No. Formula Structure Yield (%) Color Decomp. Temp(e) u.n(B.M) I n I (ml.em-')
A [Co (C6 H16Oa Sr)l 86 brown 204 2.32 0.151
B lN(c6Hroo4$)l 84 green 220 Dia 0.138
C lcdc4rLo4srl 78 brown 206 2.5 | 0.1l3
D [N(Co]tuorS:)l 90 green 210 Dia 0.091
I lCo(CeHroOES:Xen)l 87 black >350 4.80 0.220
2 ICo(CoHroOrS:Xen)zl 85 brown >350 4.87 0.450
3 lNi(ColIroOrSz)(en)l 80 Green >350 4.33 0.207
4 [Ni(CcHroOrS:Xen)zl Purple >350 3.31 0.425
5 lCo(CrFloOrSu )(enI '16 Brown >350 4.72 0.191
6 lCo(CaH6OaSrXen)r'l 75 Brown >350 4.82 0.315
1 [Ni(CaH6OaSr)(en)] '72 Dark-green >350 3.44
8 lNi(CatlrOrSzXen)rl 70 Dark-green >350 3.32 0.300
9 lCo(CotlroOrSu Xdien)l 86 brown >350 4.85 o.394
t0 lCo(CrHr oOrSzXdien):l 86 brown >350 4.96 0.666
It lNi(C6HroO!SrXdien)l 77 green >350 3.26 0.372
l2 fNi(CoHr oOrS:Xdien):l '76 green >350 3.40 0.625
l3 lCdCrHrOrS:)(dien)l 75 brown >350 4.86 o.240
l4 lCo(CrtlrOaSz)(dien)z'l 80 brovm >350 4.96 0.588
l5 Ni(CrHrOrS:Xdien)l 83 green >350 3.35 o.237
l6 lNi(CrHoOrS:Xdien):l 80 Dark-green >350 3.48 0.540
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