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Spectra,magnetic property and coordination structure 
study on polymeric copper(II) iodo complex of 

diethylenetriamine 
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AOSPRACT 

Polymeric [ C u ( d i e n ) I ~ l .  ( d i e n = d i e t h y l e n e t r i a m i n e )  was p repa red . I t s  

electronic absorption spectrum and photoacoustic spectrum were recorded at room 

temperature.They were compared with each other and the results were discussed 

quantitatively with respect to ligand field theory (LPT) and the  radlcal 

scaling wave function of a non-free copper(l1) ion.The theoretical values are 

in agreement with the observed ones.ln addition.the ESR spectra of the t i t le 

complex were measured a t  77k and room temperature.respective1y.They were 

compared with each other and characterized.Therefore.the electronic structure 

was also investigated with its spectra behaviors and PLIT.The spectra and the 

theoretical analysis about the  title complex suggest there Is a weak inter- 

action between the Cu-Cult can be interpreted with using Kahn's theory.The g(= 

2.0942) is  greater than 2.040.conforming t o  a ground s ta te  configuration w i t h  

unpaired electron in the d2-V2 orbital. 

1563 

Copyright Q 1996 by Marce l  Dekker,  Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
3
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



1564 

INTRODUCTION 

Ll ET AL. 

The preparation and investigation of dinuclear Cu(JJ) complex draws from 

three quarters.First.there is a widespread occurrence of dinuclear Cu centers 

in biology[l,2].ln particular.the occurrence of a pair of copper ions a t  the 

active site of the varlous forms of the oxygen carrier protein hemocyanin i n  

many species of arthropods and mollusks has stlmulated much interest in mode- 

ling the active-slte structure.physicochemica1 properties.and function of this 

protein by the use of model complexes[3-7].Second.there are few spectroscopic 

properties reported about copper(I1) complexes with coordinated iodide.Third. 

there Is a need to understand the factors that  are responsible for the magnetic 

exchange interactions between coupled copper lons[3.81. 

For the purpose above.ln this paper.we report the electronic absorption 

spectrum.ESR and PAS of the t i t le complex.Electronic absorption spectra(EAS1 

and ESR were helpful In this group's work as a basis for studying the elec- 

tronic s t ruc tu re  of complexes[9.101.The choice of photoacoustic absorption 

spectra(PAS1 in th i s  group's recent work was made by consldering the  fac t  

tha t  there a re  synthetic difficulties in preparing crystals for all complexes. 

whereas PAS are advantageous in that they can be used for general solids[9-11]. 

In addition.PAS is capable of detecting very weak absorption(l2] and magnetic 

exchange interaction between coupled metal lons. 

EXPERIMENTAL 

1 :Preparation 

A solution of 1.1 ml (10 mmol) of the ligand in 10 m l  HxO was added to a 

solution of 2.54 g (10 mmol) CuSO.*SHaO in 10 ml water.The solution turned 

deep blue.characteristic of complexed copper(I1) ions.After 10 min of conti-  

nuous stirring.3.9 g (23.6 mmol) KI in 25 ml water was added.The deep blue 

color of the solution intensified.and a small quantity of gray-brown precipi- 

tate formed.The solution was stlrred vigorously for a further 1.5 h and then 

filtered to  remove the  gray-brown solid.Approximately 30 ml ethanol were 

added to the filtrate.After t w o  days at  room ternperature.very large dark green 

diamond shaped crystals were obtained.The crystals wcre separated.washed w i t h  
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SPECTRA, MAGNETIC PROPERTY, AND COORDINATION STRUCTURE 1565 

cthano1,and a i r  drled.According t o  o u r  clemerilal analyses.in:rarcd spectrurn 

and the  reference[l3l,we confirm i t  is the t i t l e  complex. 

2:Fhysical Measurements 

Sol id-s ta te(diffusc reflectance.350-2500nm) 'd-d" t ransi t ion s p e c t r a  uierc 

recorded on a Cary 2390 UV-VIS-NIR Spcctrophotorneter a t  room 1ernperature.Sec 

fig.1. 

ESR spectra s e r e  measured on a ER-200D-SRC ZFR spccLroscopy (Uruker Corp.)  

with t h e  sens i t iv i ty  S/N=220:1 (Teak Pi tch sanple) . resolut ion power 9mC(TC::Q 

sample).modulated frequency lOOKHz and time constant  0.5s.The magnetic ficl: 

uias cal ibrated uiith a DFFH marker.The spectra  of a pouidered sample o f  the  

t i t le  complex were collected a t  room and liquid nitrogen(77K) temperaiures.See 

ng.3. 

As to  the  PA spectrometer.excitation source is 500% Xenon lamp Fith a CT- 

30P monochromafor in the  region of 300-800nm.The light source intensi ty  p a s  

modulated with a variable speed mechanical chopper a t  frequency of i"cHZ.The 

room temperature photoacoustic signal was detected with a e lec t re t  microphone. 

The output signal was  normalized for the changes in lamp intensity by a refer-. 

ance of carbon black and was smoothed for noise.See fig.2. 

In  order t o  compare uiitli the  monomeric complex. ICu(dien)lr] was prep%- 

r a t e d  according t o  t h e  ref . [ l3] . l ts  e lectronic  spectram.FAS.ESR were recorded 

at room temperature.respectlve1y.See fig.1 -flg.3. 

RESULTS AND DISCUSSION 

1:DescrlptIon of Structure 

The s t ruc ture  of the  t i t le  complex 1s s h o s n  in the  fig.4[13].The gCGil i ( ! trj-  

about  each copper(I1) cenler is axial ly  elongated (4+2) octahedral.the equaio- 

rlal llgatlng atoms being three nltrogen atoms from t h e  dien ligand an2 one 

lodlde Ion (I(l)).while t h e  axial  s i t e s  are occupied by the  chain-propagating 

I(2) ions.The copper  c e n t e r  l i es  on  a mirror  plane vhich b i s e c t s  t h e  dicri 

1lgand.passing through N(Z).and a l s o  c o n t a i n s  atoms : ( I )  and :(2).Principal 

distances and angles In the cation a r e  l is ted in the table i[13].The sl.ruc:.irrti 

of monomer and  I t s  principal bond 1engths.ang:es arc :*:so listed in Lhc fix.; 

and table I.respectlvely[l31. 
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1566 LI ET AL. 

I 
4000 10000 15000 20000 25000~m-~ 

Pig.1: EAS of polymericlCu(dien)El.(1) and EAS of monomericlCu(dien)I~1(2) 

- 
400 600nm 

Pig.2: PAS of polymeric[Cu(dien)l~~~(l) and PAS of monomeric[Cu(dien)Ir](2) 

The principal parameters about dlen coordinating with Cu ion i n  the  t i t le  

complex are  good in agreement with the monomer.the dien is almost in the sainc 

plane.but t h e .  angle I(l)-Cu-N(2) (174.00) is larger than the corresponding angle 

(148.6O) in  t h e  monomerll3l.the angle I(2)-Cu-I(2b) (lC7.7O) less than 18OO.The 

axial Cu-I bond length of 3.348 A (average) is larger than the Cu-I(2) distancc 

of 3.049 A in ICu(dien)M and the terminal Cu-I(l) bond length o r  2.585 A is 

comparable to  the  Cu-I(l) dlstance of 2.619 A In the monoineris cGiiiy:en.Thiirc 

a r e  few Cu-I dis tances  with whlch to compare the prcscnt res1ilLs~:31..i !,:>i:J 
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SPECTRA, MAGNETIC PROPERTY, AND COORDINATION STRUCTURE 1567 

! d=9.4241GHz 

- 

3328.0G 

Pig.3: ESR of polymeric[Cu(dien)l~].(1) and ESR of monomericICu(dien)lu)(2) 

d c u c  1 c) 

L b) 

u C(4) 
(2) 

Pig.4: The crystal structure of the title complex(1) and the crystal 
structure of monomeric ICu(dien)l&Z) I131 

length of 2.70 A was reported for ICu(bpy)~Il'[l3,14].While Darclay e t  a:.[l4; 

regarded this distance as  'normal' since they report the sum of the covalerit 

radii of Cu and I as  approximately 2.68 A,Zhdanov[l51 gave a smaller value of 

2.61 A.Aence.the present Cu-1(2) distance is abnormally long,vhile the C u - I ( l )  

separations in both species are similar t o  t h a t  predicted on the  basis o r  

Zhdanov's compilationll31. 

2:The electronic spectrum 

The crystals give an electronic spectrum consisting of a strong broad bartd 

thus the d-d transition absorption peaks undlst1nguished.After resolved by 811 
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1568 LI ET AL. 

Tab.1: The First Coordinate Globe Bond Distances(A1 and Angles(deg) 
in Polymeric[Cu(dien) 1x1. and MonomericICu(dien)I~l 1131 

( a 1 Bonds 

polymer monomer 

Cu-I(l) 2 - 585 (1 cu-I (1) 2.619 (21 
CU-N (2) 2.030 (7) Cu-N(2) 2.034 (9) 
Cu-I(2) 3.325 (1) CU-I(2) 3.049 (2) 
Cu-N(l) 1.998(5) Cu-N (1 1.986 (7) 
Cu-N(la) 1 Cu-N ( 3 1 1.999 (7) 
CU-I (2b) 3.371 (1) 

(b) Angles 

monomer 
~~ ~~ 

I(1) -Cu-N (1 1 96.1(21 I 
N ( 1) -Cu-N ( 2 83.9(2) N 
N (2) -Cu-N (la) 83.9(3) N 
I(2) -CU-I (1) 96.4(3) I 
I (2) -Cu-N (1 1 90.2(0) I 
I(1) -Cu-N (2) 174.0 (7) I(l)-Cu-N(2) 148.6 ( 2 )  
1(2)-C~-N(l) 90.2(13) 1(2)-Cu-N(1) 87.6(3) 
1(2)-Cu-N(2) 89.6(6) I (2) -CU-N (2) 102.3 (2) 
I (2) -Cu-N (la) / I (2) -Cu-N (3) 86.4(3) 
I(2) -CU-I (2b) 167.7 (1) 

Tab.2: Crystal Field Parameters of [Cu(dien)I~]. 

cu cu 

p(Debye) 1.73500 
t 0.057 32 
P 0.94 
p' I I 1.60481 
p' 4 I 2.14914 
O(Aartree) 0.20285 

<r* > (a.u. 1 2.36234 
<r'>(a.u.) 15.56459 
<r-'>(a.u.) 5.39340 

B (cm-') 947 
C (cnrl) 3243 
bad (Cr' 516 

Where B and C are Racah's parameters,brd represents spin- 
orbital coupling constant,and p(*) and p( ' )  are polarization 
factors defined by us. 

IDM PC/XT programll61.The d-d spectrum exhibits three absorption peaks aL cn 

11488.14715 and 18025~rn-~  (Pig.l) .These values were alse  l isted i n  table .3  as 

observed ones. 

In ligand field theory.Li Jlanmin et  al. had suggested a non-free ions &a\-e 

function radial scaling theory1171 for which a program package (PLFT)[lCI had b c e i ~  

developed and the radial wave function of Cu(I1) can be written in  double b as[ l8]  
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SPECTRA, MAGNETIC PROPERTY, AND COORDINATION STRUCTURE 

Tab.3:  The d-d T r a n s i t i o n  E n e r g y  of [ C u ( d i e n ) I r  1. 

energe order calc. (cm-1 obs. (cm-* 

'A' ('Txsm ,t) 

'A" (*Txpb ,k) 
11021 (1) 

' A " ( ' & b  ,e)  18308 (3) 18025 
' A '  ('Txsc ,t) 20557 

1569 

Rdr.Q)=C-1m10.55428- STO(b1)+0.60500. STo(b~)l  

=a 1. STO(b1) +a2* STO(bd 

where, 

bi=6.3496(1-0.4 1500*0+0.25000~Q'). 

bx=2.5250(1- 1.64500. 0+0.35500*Q2). 

C is normalization coeff ic ient .and Q is so-called sca le  of r.onfreedom.a 

variable parameter determined by the number of 1igands.average bond length. 

the ratio of dipole length and bond length t,and the average dipole moments 

of l i g a n d s  p . t o  d e s c r i b e  t h e  d e v i a t i o n  of c e n t r a l  ion f rom f r e e  ion .  

So fa r  the PLPT have successfully explained spectroscopic properties of more 

t h a n  one h u n d r e d  t r a n s i t i o n - m e t a l  complex crystals11 1.12.19,201.From t h e  

crystal s t ructure  d a t a  t h e  crystal field parameters and relative energy levels 

can be calculated by PLlT.The values were listed in the table 2 and table 3 a s  

calculated values. 

In the table 3.we can find the calculated values are in agreement s i t h  the 

observed ones, thus indicating the electronic s t ructure  of the title complex is 

In accord with i t s  c r y s t a l  s t ructure . I t  a lso indicates  a weak sp in-exchange  

interact ion operat ion between the  two copper ionsll2l.In addition.in the  fig.1 

we can find tha t  the  d-d absorption peaks of the title complex are almost the 

s a m e  as t h e  monomeric [Cu(dien)l.l.This a lso indicates  a weak superexchange 

in te rac t ion  between t h e  two copper ions.Hence. the theore t ica l  c a l c u l a t i o n  

eliminate the  action of axial Cu-I bond.The theoretical peak of 20567 cm-1 can 

not be observed because we eliminate t h e  act ion or  axial I ion.so t h a t  t h e  

ligand field has  a higher symmetry and thc  theoretical "d-d" absorption peak 

(20557 cm-1) w a s  caused.The t i t le  complex absorption ncar 11000 cm-' is weaker 
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1570 LI ET AL. 

t h a n  monomeric [Cu(dien)lrl.This may be t h e  t i t l e  complex axial  coordination 

is weaker than monomer and i t  makes the ligand field stronger.so tha t  the =hole 

absorption spectrum have a violet shift (average). 

3:PAS 

In  fig.2.we c a n  f ind t h a t  t h e  absorption peaks of t h e  t i t l e  complex are  

almost in agreement with the  monomer.There is only a l i t t l e  difference in the 

region of 400-500nm.The small difference can imply a weaker bridged action. 

namely  a weak sp in-exchange  i n t e r a c t i o n  ( Z J = - 3 ~ m - ~ ) [ l 3 1 . A p i i a r c . l l t l y . t h c  

absorption of 400-5OOnm of the  title comlex is mainly caused by charge trarc- 

sition absorption from terminal iodide ion to  Cu ion. 

In  t h e  t i t l e  complex.1 ion has  a s t rong  reduct ion.The i n t r a c h a i n  Cu-Ci i  

separa t ion  is 6.658(1) A[13].According t o  Coffman rule[2l l , this  implies Cu(I1)- 

Cu(I1) can form a strong spin-exchange interaction via t h e  chain-propagating 1 

lons.but  t h e  i n t e r a c t i o n  is very  weak because of t h e  weak coordination of 

bridged I Ion. 

Recently.Kahn has  reported to use approximate molecular orbi ta l  model to  

c a l c u l a t e  t h e  exchange in tegra l  J.According t o  Kahn's theoryI22-25l.the S-T 

energe gap 25 in a binuclear copper(l1) complex may be expressed as the  sum 

of a negat ive  an t i fe r romagenet ic  contr ibut ion JAr and a posi t ive ferromag- 

netic contribution JF: ~ J = J A F + J F  

J A ~  varies as t h e  s q u a r e  S* of t h e  over lap  i n t e g r a l  be tween t h e  magnetic 

orbi ta ls  and JF as t h e  two-electron-exchange Integral  between these  magnetic 

orb l ta l s .The  l a t t e r  c o n t r i b u t l o n  I s  l ike ly  v a n i s h l n g  b e c a u s e  of t h e  weak 

coordlnatlon of the chain-propagating I Ions ( the  bond length a r e  3.325 and 

3.371 A.respectlvely.)l22-261.In addition.the cha in-propagat ing  I ions  a r e  in 

t h e  a x i s s t h e  two magnet ic  o r b i t a l s  ( d A , * )  is a l m o s t  p a r a l l e l  a n d  h a s  a 

distance of 6.658 A.so tha t  they can barely over1ap.S and JAr are close to  zero. 

A weak antiferromagnetic property is caused by t h e  spin-exchange interaction. 

In fig.2.we can  find t h a t  t h e  d-d t ransi t ion absorption peaks a r e  in the  

high energy region.Absorption edge near 540 nm because of the  stronger square 

coordinat ion and  weaker ax ia l  coordination.In t h e  corresponding region (300- 

BOOnm).the PAS is apparently coincident with the  electronic spectrum. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
3
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SPECTRA. MAGNETIC PROPERTY, AND COORDINATION STRUCTURE 

4:ESR 

1571 

The room temperature powder ESR spectrum for the tltle complex was given in 

the fig.3.The spectrum only exhibits a quasi-Isotropic feature around g=2.0942. 

It shows neither fine structure nor a half-field transition.which Is character- 

istic of a pair triplet state. In addit1on.the spectrum is almost the same as  

the monomer.These also prove the weak superexchange interaction between the 

two Cu ions.which Is in agreement with the result above.The g value is greater 

than 2.04.conforming to a ground state configuration with unpaired electron in the d 2 - y 2  

orbital[27].At 77K.our ESR can’t give more information about the title complex. 
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