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ABSTRACT 

ZnLCl, 0 5H,O and ZnL,X, nH,O (L = N-2(hydroxyethyl)-1,2-ethanedlamme X = Br, 
0 5SO,, 0 5Se0, and n = 0 5-2) have been synthesized and thermal mvestlgatlons have been 
carried out m the solid state ZnLCl, 0 5H,O and ZnL,Brz 0 5H,O show endothermic 
reversible phase transitions (135 O-152 O” C, AH = 1 6 kJ mol-’ and 127 O-144 5’ C, AH = 

10 4 kJ mol-‘, respectively) after dehydration ZnL,SO, 2H,O becomes dehydrated at 
100°C and on further heating undergoes an exothermlc lrreverslble phase transltlon 
(109 5-146 0” C, AH = -9 5 kJ mol-‘), whereas ZnL,SeO, H,O first undergoes dehydrd- 
tlon at 134” C and then an endothernuc lrreverslble phase transltlon occurs (141 5-171 5 o C 
AH=142 kJ mol-‘) 

INTRODUCTION 

Thermally-induced phase transitions and decomposltlon of metal dlamme 
complexes have been reported by us [l-9] The phase transitions were 
reported to be due to either (1) conformatlonal changes m the dlamme 
chelate rmg [l-4] or (11) formatlon/breakmg of hydrogen bonds [5,6] We 
report here thermal studies of zmc( II) complexes of N-2(hydroxyethyl)-1,2- 
ethanedlamme (L) m the sohd state This study 1s likely to be meaningful 
consldermg the coordmatlon through protonated oxygen [lO,ll], which 
seems to be very weak This bond may be dlssoclated upon heatmg causing 
another type of phase transition Besides this, it 1s expected that generation 
of monodlamme species through pyrolysis 1s likely to be possible as htera- 
ture shows formation of MLC,O, [M = Mn(II), Cu(II), Zn(I1) and Cd(II)] 
from its correspondmg bls analogue [12] 
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EXPERIMENTAL 

Preparation of ZnLCI, 0 5H,O (I), ZnL, Br, 0 SHzO (2), ZnL,SO, 2H,O 
(3) and ZnLJeO, H,O (4) 

Dlamme (2-3 mmol) were added slowly with contmuous stu-rmg to the 
aqueous solutions of the correspondmg zmc salts (1 mmol) The resulting 
mixture was filtered and to the filtrate ether-ethanol (1 1) was added 
dropwlse till the separation of the complex started The desired complex was 
filtered, washed with dry ethanol and dried over a fused calcium chlonde 
desiccator Analytlcal data of the above complexes are presented m Table 1 

The apparatus employed for recordmg thermal and IR spectral data 
(ambient and above ambient temperature) are the same as reported earlier 
[l-9] The molar conductance data m solution were taken using a Phhps PR 
9500 conductlvlty bridge 

RESULTS AND DISCUSSION 

The hgand yields complexes with a hgand to metal ratlo of 2 1 with zmc 
bromide, sulphate and selenate whereas with zmc chloride the mono com- 
plex results under smular experimental condltlon The attempts to isolate 
ZnL,Cl, remained unsuccessful even on increasing the hgand-metal ratio 
up to ten-fold m every case we obtained the mono complex The lsolatlon 
of mono complex m solid state from the correspondmg bls species 1s not 
possible here by the temperature arrest technique as there 1s no such 
mdlcatlon of the stable mtermedlate m their respective TG and DTA profile 
This behavlour 1s m contrast to that of the oxalato complexes reported by 
Rao and Murthy [12] where the mono complexes were obtained easily by 
controlled thermal decomposltlon of the bls complexes TIE difference m 

TABLE 1 

Analytical data of zmc(I1) dlamme (L) complexes 

Compound Found (talc ) (%) 

ZnLCI, 0 5H,O (1) 
ZnLClz (la) 
ZnL?Br, 0 5H,O (2) 
ZnL,Brz (2a) 
ZnL2S0, 2H,O (3) 
ZnL,SeO, H,O (4) 
ZnL,SeO, (4a) 

Metal Nitrogen Carbon Hydrogen 

26 18 (26 20) 1120 (1122) 19 21 (19 24) 5 21 (5 21) 
27 15 (27 18) 11 61 (1164) 19 93 (19 96) 4 98 (4 99) 
14 75 (14 77) 12 63 (12 65) 21 66 (21 69) 5 63 (5 65) 
15 05 (15 08) 12 88 (12 91) 22 11 (22 14) 5 52 (5 54) 
16 07 (16 11) 13 75 (13 80) 23 62 (23 66) 6 94 (6 90) 
15 Ol(15 04) 12 85 (12 88) 22 06 (22 09) 6 00 (5 98) 
15 64 (15 69) 13 41(13 44) 23 01 (23 04) 5 78 (5 76) 
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TABLE 2 

Thermal parameters of zmc(II) hamme (L) complexes 

Reactions Temperature DTA peak temperature (O C) 
range (O C) Endothernuc Exotherrmc 

ZnLCl, 0 5H,O (1) --j ZnLCl, (la) 75 O-126 0 860,115O - 
ZnLCl, (la) --) ZnLCl, (lb) 135 O-152 0 149 0 - 

ZnLCl, (lb) --* ZnLCl, (la) 148 o-131 0 - 145 0 
ZnLCl, (lb) --) ZnCl, 246 O-475 0 322 0 338 0 

ZnL,Br, 0 5H,O (2) --) ZnL,Br, (2a) 65 O-98 0 80 0 - 

ZnL,Br, (2a) + ZnL,Br, (2b) 127 O-144 5 137 5 
ZnL,BrZ (2b) -+ ZnL,Br, (2a) 1415-1240 - 1345 
ZnL,Br, (2b) + ZnBr, 269 O-470 0 3190 333 0 

ZnL,SO, 2H,O (3) --) ZnL,SO, (3a) 35 O-100 0 820,980 - 
ZnL,SO, (3a) ---) ZnL,SO, (3b) 109 5-146 0 132 0 
ZnL,SO, (3b) --* ZnSO, 174 o-514 0 186 0,200 0 306 0, 322 0 

ZnL,SeO, H,O (4) --t ZnL,SeO, (4a) 860-1340 126 0 - 

ZnL,SeO, (4d) + ZnL,SeO, (4b) 1415-171 5 159 5 
ZnL,SeO, (4b) + ZnSeO, 182 O-340 0 204 0 225 0 

behavlour of the oxalato complex 1s probably due to the greater coordmat- 
mg power of the oxalate than the brormde, sulphate and selenate group. All 
the four complexes reported here undergo solid-state thermal phase transl- 
tlon Their probable structures and the nature of phase transitions are 
described below 

ZnLCl, (la) shows 1 1 electrolytic behaviour m methanol (A, = 75 
mho) It was reported earlier [lo] that the noncoordmated hydroxyethyl 
group showed a strong sharp vcoH) m the IR spectrum at - 3370 cm-’ 
However, m the IR spectrum of (la), no correspondmg OH frequency was 
recorded. Therefore, the OH group should be coordinated to Zn(II) and 
consequently the vcOHj band must have shfted to a lower frequency due to 
the metal-oxygen bond m the regon 3300-3100 cm-‘, overlappmg the NH 
frequencies [lo] These observations along with its composltlon (Table 1) 
lead us to suggest that m the complex (la), Zn(II) possesses tetrahedral 
conflguratlon with the ZnN,OCl chromophore. Thus complex (la) on crys- 
talhzatlon from water yields Its hydrated species ZnLCl, 0 5H,O (1) The 
species (1) can also be synthesized directly by mixing hgand and metal salt 
as described m the expenmental sectron Complex (1) starts to lose water at 
75 “C and transforms to (la) at 126 “C (Table 2) The complex (la) on 
heating undergoes an endothernuc phase transition (135 O-152 O”C, AH = 
16 kJ mol-I) yleldmg (lb), wluch reverts to (la) on coolmg, showing an 
exothernuc transItIon m the correspondmg DTA and DSC curves (Table 2, 
Fig 1) Complex (lb), on further heating, melts (melting peak temp = 
167 o C) and then starts to decompose at 246 O C 
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Fig 1 DSC curves of ZnLCl, (la) (heating) (wt taken = 6 65 mg) ( -), ZnLCl, (lb) 
(coohng) (wt taken = 6 65 mg) (- - -), ZnL,Br, (2a) (heating) (wt taken = 6 91 mg) 

( -), ZnL,Br, (2b) (coohng) (wt taken = 6 91 mg) (- - -) 

ZnL,Br, 0 5H,O (2) starts to lose water at 65” C to generate the 
anhydrous species ZnL,Br, (2a) at 98°C (Table 2) The species (2a) shows 
1 2 electrolytic behavlour m methanol (A, = 154 mho) The IR spectra of 
(2a) show a band at 3340 cm-‘, probably due to the pcoHj wbch 1s m lower 
frequency regon m comparison to the free vcoHj, but not as low as the 
coordinated hydroxyl group m ZnLCl, (la) Consequently, the hydroxyl 
groups are consldered to be weakly coordinated to Zn(I1) to form a 
pseudo-octahedral conflguratlon with the ZnN,O, chromophore The com- 
plex (2a), upon heating, undergoes an endotherrmc phase transition 
(127 O-144 5” C, AH = 10 4 kJ mol-‘) transformmg mto (2b) whch, on 
cooling, reverts to (2a) (141.5-124 0” C, AH = - 10 6 kJ mol-‘) as 1s 
evident from the TG, DTA and DSC curves (Table 2, Fig 1) On further 
heating, it first melts (melting peak temp = 166” C) and then starts to 
decompose at 269°C It was reported earlier [13,14] that several dlarmne 
complexes of Cu(I1) and Nl(I1) undergo a similar type of endothermic 
reversible phase transition due to the conformatlonal changes of dlarnme 
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chelate rings, and such transitions are associated with IR spectral changes m 
the regions - 1600 cm-’ and 1400-800 cm-’ [l-4,14] To explain the 
nature of these reversible phase transitions we have recorded the IR spectra 
of both complexes [(la) and (2a)] at room temperature and at the tempera- 
tures where the phase transltlons complete but where spectral changes m 
these regions are mmlmal Agam, on increasing the temperature, the thermal 
vibration of the chelate rmg increases, thereby the weakly coordinated 

0-Zn bond may dlssoclate causing either a geometrical change from oc- 
tahedral to tetrahedral (m the case of ZnL,Br,) or chromophorlc changes 
retammg the respective conflguratlons (tetrahedral m the case of ZnLCl, 
and octahedral m the case of ZnL,Br,) However, these types of changes 
must be associated with the IR spectral changes of the vcoHj vlbratlon, and 
as no such changes were observed m the IR spectra of room temperature 
and h@er temperature phases of the complexes, the cause for the phase 
transition 1s probably not due to the change of the coordmatlon behavlour 
of the -OH group For the solid-state phase transition the opemng/forma- 
tlon of the H-bonds and/or change m the crystalline state may also be 
responsible It 1s thus very difficult to characterize the phase transition 
prevailing here 

The complex, ZnL,SO, 2H,O (3) 1s highly hygroscoplc It shows non- 
electrolytic behavlour m methanol (Am = 37 mho) Coordmatlon of hy- 
droxyl group 1s not interpretable from the IR spectra due to the presence of 
water molecules Although the coordmatlon of sulphate groups are also not 
mterpretable from the IR-active sulphate bands due to overlappmg with 
dlamme bands, the composltlon and the nonelectrolytlc behavlour suggest 
that the dlamme should be coordmated here only through the nitrogen and, 
to satisfy the hexa coordmatlon around the Zn(II), the sulphate group 
should act as a chelating bldentate species Complex (3) starts dehydration 
at 35 “C and becomes ZnL,SO, (3a) at 100’ C wbch, on further heating, 
shows an irreversible exotherrmc phase transition (109 5-146 0 o C, AH = 
- 9 5 kJ mol-‘) yleldmg (3b) (Table 2, Fig 2) This phase transition takes 
place only with freshly prepared complex The AH values of the transition 
gradually decrease on aging and, ultimately, after - 72 h, ths transition 
disappears completely The post-phase species (3b) 1s also hygroscoplc 
However, the rehydrated species, on heating, does not undergo any phase 
transition phenomena after loss of water 

ZnL,SeO, H,O (4) shows nonelectrolytlc behavlour m methanol (A, = 
42 mho) It 1s not as hygroscoplc as its sulphato analogue This complex, 
after dehydration, undergoes an irreversible endotherrmc phase transition 
(141 5-171 5”C, AH = 14 2 kJ mol-‘) yielding (4b), whch does not revert 
to (4) even on rehydratlon from the atmosphenc moisture like sulphato 
complex (3b) (Table 2, Fig 2) Ths 1s the most notable difference m 
behavlour of these post-phase species [(3b) and (4b)] from some of the Nl(I1) 
dlamme complexes [1,2,9] where a smular type of phase transition occurred 
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Fig 2 DSC curves of ZnL,SO, (3a) (heating) (wt taken = 9 31 mg) (- ), ZnL,SeO, 
(4a) (heatmg) (wt taken = 7 60 mg) (- - -) 

and the reversion of the post-phase species took place on exposure to a 
hunud atmosphere 

It 1s mterestmg to note here that, though the complexes (3) and (4) 
possess smular IR spectra due to the dlamme vlbratlon (and consequently 
they are considered to possess similar structure), the nature of the phase 
transitions wLch occur Just after dehydration 1s completely different, 1 e m 
(3) the phase transltlon 1s exotherrmc whereas m (4) it 1s endothermtc This 
difference may be due to the larger lomc size of SeOi- compared with 
SOi- In the case of complexes (3) and (4) there 1s also no noticeable 
difference m the IR spectra of the post-phase species from their correspond- 
mg pre-phase species, such as (1) and (2) Therefore, the exact nature of the 
phase transition could not be characterized here, though any one of the 
causes that was described above may be responsible It should be mentioned 
here that m our earlier works [1,8] with several dlamme complexes of Zn(II), 
we did not fmd any slrmlar types of phase transition phenomena Therefore, 
it 1s reasonable to infer that the hydroxyethyl group plays an important role 
m these phase transitions However, from the IR spectra it can be seen that 
the coordmatlon behavlour of the -OH group most likely does not change 
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after the phase transltlon, and thus the H-bonding phenomena may be taken 
as the probable cause for the transition 
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