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ABSTRACT

ZnLCl, 05H,0 and ZnL,X, nH,O0 (L = N-2(hydroxyethyl)-1,2-ethanediamine X = Br,
0 5S0,, 0 5S¢0, and n =0 5-2) have been synthesized and thermal 1investigations have been
carried out in the sohd state ZnLCl, 05H,0 and ZnL,Br, 05H,0 show endothermic
reversible phase transitions (1350-1520°C, AH =16 kJ mol ™! and 1270-1445°C, AH =
104 kJ mol™', respectively) after dehydration ZnL,SO, 2H,0 becomes dehydrated at
100°C and on further heating undergoes an exothermic irreversible phase transition
(1095-146 0°C, AH=—95 kJ mol '), whereas ZnL,SeQ, H,O first undergoes dehydra-
tion at 134° C and then an endothermuc irreversible phase transition occurs (141 5-171 5°C
AH=142kJ mol™!)

INTRODUCTION

Thermally-induced phase transitions and decomposition of metal diamine
complexes have been reported by us [1-9] The phase transitions were
reported to be due to either (1) conformational changes in the diamine
chelate ring [1-4] or (1) formation /breaking of hydrogen bonds [5,6] We
report here thermal studies of zinc(II) complexes of N-2(hydroxyethyl)-1,2-
ethanediamine (L) 1in the solid state This study 1s likely to be meaningful
considening the coordination through protonated oxygen [10,11], which
seems to be very weak This bond may be dissociated upon heating causing
another type of phase transition Besides this, 1t 1s expected that generation
of monodiamine species through pyrolysis 1s hikely to be possible as litera-
ture shows formation of MLC,0, [M = Mn(II), Cu(Il), Zn(II) and Cd(II)]
from 1ts corresponding bis analogue {12]
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EXPERIMENTAL

Preparation of ZnLCl, 05H,0 (1), ZnL,Br, 05H,0 (2), ZnL,50, 2H,0
(3) and ZnL,SeO, H,0 (4)

Diamine (2-3 mmol) were added slowly with continuous stirring to the
aqueous solutions of the corresponding zinc salts (1 mmol) The resulting
muxture was filtered and to the filtrate ether—ethanol (1 1) was added
dropwise till the separation of the complex started The desired complex was
filtered, washed with dry ethanol and dried over a fused calcium chlonde
desiccator Analytical data of the above complexes are presented in Table 1

The apparatus employed for recording thermal and IR spectral data
(ambient and above ambient temperature) are the same as reported earlier
[1-9] The molar conductance data in solution were taken using a Philips PR
9500 conductivity bridge

RESULTS AND DISCUSSION

The ligand yields complexes with a ligand to metal ratio of 2 1 with zinc
bromide, sulphate and selenate whereas with zinc chloride the mono com-
plex results under similar experimental condition The attempts to 1solate
ZnL,Cl, remained unsuccessful even on increasing the ligand—metal ratio
up to ten-fold 1n every case we obtamed the mono complex The 1solation
of mono complex 1n solid state from the corresponding bis species 1s not
possible here by the temperature arrest technique as there 1s no such
indication of the stable intermediate 1n their respective TG and DTA profile
This behaviour 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 decomposition of the bis complexes This difference 1n

TABLE 1
Analytical data of zinc(1I) diamine (L) complexes
Compound Found (calc ) (%)

Metal Nitrogen Carbon Hydrogen
ZnLCl, 05H,0 (1) 26 18 (26 20) 1120 (11 22) 1921 (19 24) 521(521)
ZnLCl, (1a) 2715 (27 18) 11 61 (11 64) 1993 (19 96) 498 (4 99)
ZnL,Br, 05H,0 (2) 1475 (14 77) 12 63 (12 65) 21 66 (21 69) 563 (565)
ZnL,Br, (2a) 15 05 (15 08) 12 88 (12 91) 2211 (2214) 552 (554)
ZnL,S0, 2H,0 (3) 16 07 (16 11) 1375 (13 80) 23 62 (23 66) 694 (6 90)
ZnL,Se0, H,0 (4) 1501 (15 04) 12 85 (12 88) 22 06 (2209) 600 (598)
ZnL ,SeO, (4a) 15 64 (15 69) 13 41 (13 44) 2301 (23 04) 578 (576)
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TABLE 2

Thermal parameters of zinc(II) dramine (L) complexes

Reactions Temperature  DTA peak temperature (° C)
range (° C) Endothermic  Exothermuic

Znl.Cl, 05H,0 (1) » ZnlLCl, (1a) 750-126 0 860,1150 -

Znl.Cl, (1a) » ZnLCl, (1b) 1350-1520 1490 -

Znl.Cl, (1b) - ZnLCl, (1a) 148 0-131 0 - 1450

ZnLCl, (1b) —» ZnCl, 246 0-4750 3220 3380

ZnL,Br, 05H,0 (2) —» ZnL,Br, (2a) 650--98 0 800 -

ZnL,Br, (2a) = ZnL,Br, (2b) 1270-144 5 1375 -

ZnL ,Br, (2b) - ZnL,Br, (22) 141 5-1240 - 1345

ZnL,Br, (2b) - ZnBr, 269 0-4700 3190 3330

Znl.,SO, 2H,0 (3) = ZnL,SO, (3a) 350-1000 820,980 -

ZnL,SO, (3a) = ZnL,SO, (3b) 109 5-146 0 1320

ZnL,S0, (3b) » ZnS0O, 174 0-5140 1860, 2000 306 0,3220

ZnL,Se0, H,0 (4) — ZnL,Se0, (4a)  860-1340 1260 -

ZnL,SeO, (42) — ZnL,Se0, (4b) 1415-171 5 1595 -

ZnL ,Se0, (4b) - ZnSel, 1820-3400 2040 2250

behaviour of the oxalato complex 1s probably due to the greater coordmnat-
ing power of the oxalate than the bromude, sulphate and selenate group. All
the four complexes reported here undergo solid-state thermal phase transi-
tion Their probable structures and the nature of phase transitions are
described below

Znl.Cl, (1a) shows 1 1 electrolytic behaviour in methanol (A =75
mho) It was reported earhier [10] that the noncoordinated hydroxyethyl
group showed a strong sharp vy, 1n the IR spectrum at ~ 3370 cm™!
However, 1n the IR spectrum of (1a), no corresponding OH frequency was
recorded. Therefore, the OH group should be coordinated to Zn(II) and
consequently the vy, band must have shifted to a lower frequency due to
the metal-oxygen bond 1n the region 3300-3100 cm ~*, overlapping the NH
frequencies [10] These observations along with its composition (Tabie 1)
lead us to suggest that in the complex (la), Zn(II) possesses tetrahedral
configuration with the ZnN,OCl chromophore. This complex (1a) on crys-
tallization from water yields 1ts hydrated species ZnLCl, 05H,O (1) The
species (1) can also be synthesized directly by mixing ligand and metal salt
as described 1n the experimental section Complex (1) starts to lose water at
75°C and transforms to (1a) at 126°C (Table 2) The complex (1a) on
heating undergoes an endothermic phase transition (135 0-1520°C, AH =
16 kJ mol™') yielding (1b), which reverts to (1a) on cooling, showing an
exothermic transition 1 the corresponding DTA and DSC curves (Table 2,
Fig 1) Complex (1b), on further heating, melts (melting peak temp =
167°C) and then starts to decompose at 246° C
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Fig 1 DSC curves of ZnLCl, (1a) (heating) (wt taken = 6 65 mg) ( ), ZnLCl, (1b)
(cooling) (wt taken =665 mg) (— — —), ZnL,Br, (2a) (heating) (wt taken =691 mg)
( ), ZnL,Br, (2b) (cooling) (wt taken =691 mg) (— — —)

ZnL,Br, 05H,0 (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 behaviour in methanol (A, = 154 mho) The IR spectra of
(2a) show a band at 3340 cm ™', probably due to the » oy, Which 1s 1n lower
frequency region 1n comparison to the free yy,, but not as low as the
coordinated hydroxyl group in ZnLCl, (la) Consequently, the hydroxyl
groups are considered to be weakly coordinated to Zn(II) to form a
pseudo-octahedral configuration with the ZnN,O, chromophore The com-
plex (2a), upon heating, undergoes an endothermic phase transition
(1270-1445°C, AH =104 kJ mol™ ') transforming into (2b) which, on
cooling, reverts to (2a) (141.5-1240°C, AH= —106 kJ mol™!) as 1s
evident from the TG, DTA and DSC curves (Table 2, Fig 1) On further
heating, 1t first melts (melting peak temp = 166°C) and then starts to
decompose at 269°C It was reported earlier [13,14] that several diamine
complexes of Cu(ll) and Ni(II) undergo a similar type of endothermic
reversible phase transition due to the conformational changes of diamine
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chelate rings, and such transitions are associated with IR spectral changes in
the regions ~ 1600 cm™! and 1400-800 cm™' [1-4,14] To explain the
nature of these reversible phase transitions we have recorded the IR spectra
of both complexes [(1a) and (2a)] at room temperature and at the tempera-
tures where the phase transitions complete but where spectral changes 1n
these regions are mimimal Again, on increasing the temperature, the thermal
vibration of the chelate ring increases, thereby the weakly coordinated
O-Zn bond may dissociate causing either a geometrical change from oc-
tahedral to tetrahedral (in the case of ZnlL,Br,) or chromophoric changes
retaining the respective configurations (tetrahedral in the case of ZnLCl,
and octahedral in the case of ZnL,Br,) However, these types of changes
must be associated with the IR spectral changes of the vy, vibration, and
as no such changes were observed 1n the IR spectra of room temperature
and higher temperature phases of the complexes, the cause for the phase
transition 1s probably not due to the change of the coordination behaviour
of the —OH group For the sohid-state phase transition the opening/forma-
tion of the H-bonds and/or change in the crystalhine state may also be
responsible It 1s thus very difficult to characterize the phase transition
prevailing here

The complex, ZnL,SO, 2H,0 (3) 1s highly hygroscopic It shows non-
electrolytic behaviour in methanol (A, = 37 mho) Coordination of hy-
droxyl group 1s not interpretable from the IR spectra due to the presence of
water molecules Although the coordination of sulphate groups are also not
interpretable from the IR-active sulphate bands due to overlapping with
diamine bands, the composition and the nonelectrolytic behaviour suggest
that the diamine should be coordinated here only through the mitrogen and,
to satisfy the hexa coordmation around the Zn(II), the sulphate group
should act as a chelating bidentate species Complex (3) starts dehydration
at 35°C and becomes ZnL,SO, (3a) at 100°C which, on further heating,
shows an 1rreversible exothermic phase transition (109 5-146 0°C, AH =
—95 kJ mol~') yielding (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, this transition
disappears completely The post-phase species (3b) 1s also hygroscopic
However, the rehydrated species, on heating, does not undergo any phase
transition phenomena after loss of water

ZnL,SeO, H,O (4) shows nonelectrolytic behaviour in methanol (A, =
42 mho) It 1s not as hygroscopic as its sulphato analogue This complex,
after dehydration, undergoes an irreversible endothermic phase transition
(141 5-171 5°C, AH =14 2 kJ mol™?') yielding (4b), which does not revert
to (4) even on rehydration from the atmospheric moisture like sulphato
complex (3b) (Table 2, Fig 2) This 1s the most notable difference in
behaviour of these post-phase species [(3b) and (4b)] from some of the Ni(II)
diamine complexes [1,2,9] where a similar 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) (heating) (wt taken = 7 60 mg) (— — —)

and the reversion of the post-phase species took place on exposure to a
humud atmosphere
It 1s interesting to note here that, though the complexes (3) and (4)
possess similar IR spectra due to the diamine wibration (and consequently
they are considered to possess similar structure), the nature of the phase
transitions which occur just after dehydration 1s completely different, 1e 1n
(3) the phase transition 1s exothermic whereas 1n (4) 1t 1s endothermuc This
difference may be due to the larger 1onic size of SeO?~ compared with
SOZ~ In the case of complexes (3) and (4) there 1s also no noticeable
difference 1n the IR spectra of the post-phase species from their correspond-
g 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 in our earlier works [1,8] with several diamune complexes of Zn(II),
we did not find any similar types of phase transition phenomena Therefore,
1t 1s reasonable to infer that the hydroxyethyl group plays an important role
in these phase transiions However, from the IR spectra 1t can be seen that
the coordination behaviour of the —~OH group most likely does not change
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after the phase transition, and thus the H-bonding phenomena may be taken
as the probable cause for the transition
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