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1-Alkyl-2-methyl-4-(p-nitro-phenylazo)imidazole complexes of Cd(11), Cd[{p-NO,-aai(Me)R},]X, (2-4) [{p-NO,-aai(Me)R = 1-alkyl-
2-methyl-4-(para-nitro-phenylazo)imidazole}, {R = -CH, (1a), -C,H5 (1b)} (X = CI, Br, 1)] have been synthesized and charac-
terized by spectral (UV-Vis, IR, TH NMR) data and have been confirmed by single crystal X-ray diffraction study in the case
p-NO,-aai(2-Me)1-C,Hs (1b) and Cd[{p-NO,-aai(2-Me)1-C,Hs},l,] (4b). Both ligands and complexes undergo E(trans)-to-Z(cis)
isomerization when irradiated with UV light. The reverse Z(cis)-to-E(trans) isomerization can be driven thermally in the dark.
The rates and quantum yields (¢g_,,) of E-to-Z isomerisation are higher for free ligand, 1, than their complexes, 2-4. The
activation energies (E,) and activation entropies (AS) of the Z-to-E isomerization are calculated by controlled temperature
experiment (298-313 K). Effect of halides on the rate and quantum yields of photochromism is established and has been
supported by DFT computation of optimized structures. Slow rate of photoisomerisation of coordinated ligands compare to
the free ligands may be due to increased mass and rotor volume of the complexes. The rate of isomerization follows the se-
quence Cd[{p-NO,-aai(2-Me)1-C,Hs},Cl,] < Cd[{p-NO,-aai(2-Me)1-C,H:},Br,] < Cd[{p-NO,-aai(2-Me)1-CyHs},l5].

Keywords: Cd(ll) complexes, ligand, X-ray structures, photoisomerisation, DFT computation.

Introduction

Photochromism is the reversible transformation of a single
molecule upon irradiation with light to another molecule where
these two compounds have distinguishable absorption spec-
trum’. Upon continuous irradiation the organic photochromes
may undergo photodegradation, photodisscoiation,
photodamage while metallo-organic photochrome are very
stable and more sensitive to optical properties. The photo-
chromic property has been applied widely in diverse area,
ranging from biomedical research to information techno-
logy"~. The property may be varied by changing the nature
of the ligands, substituents, different carbocyclic and hetero-
cyclic rings, and also by using different metal ions. Besides,

the photochromism is influenced by the experimental condi-
tion such, solvent polarity, presence of innocent molecules
in the solution, change in pH of the medium etc. Photo-
chromes may undergo structural isomerization, trans-to-cis,
upon irradiation with UV light, which can be reversed by ei-
ther heating or irradiation with visible light®-10. Rod-shaped
planar trans isomer is thermodynamically more stable com-
pare to nonplanar bent cis isomer. Lifetime of cis isomer, in
general, is less stable mainly influenced by the molecular
structure as well as the surrounding environment'!~15. The
azoheterocycles have been extensively used as ligands in
the syntheses of metal complexes'®-1%and in few cases the
photochromic property (Scheme 1) of arylazoimidazole dyes
have been explored'®28. The photochromism of 1-alkyl-2-
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Scheme 1. Isomerization of 1-alkyl-2-methyl-4-(p-nitro-phenylazo)
imidazole.

(arylazo)imidazole202" and their Cu(1)22, Zn(11)2%, Cd(i%*,
Hg ()25, Pb(118, Bi(n)2’, Pd(11)2, Ag(1)2® complexes are re-
ported in literature. The electron withdrawing group in the
para position of phenyl ring may play important role in the
structure as well as photochromic property of the compounds.
In this work we use electron withdrawing group -NO, in the
para position of phenyl ring to synthesize 1-alkyl-2-methyl-
4-(p-nitro-phenylazo)imidazole and it is used to synthesize
Cd(n1) complexes. Both ligands and complexes are charac-
terized by spectroscopic studies and by single crystal X-ray
diffraction measurements. The photochromic activity of the
ligands and complexes are explained by DFT computation
of optimized structures.

Experimental
Materials:

All chemicals and solvents employed were commercially
available and used as supplied without further purification.
Cadmium halides were obtained from Loba Chemicals,
Bombay, India. The ligands, 1-alkyl-2-methyl-4-(p-nitro-
pheylazo)imidazoles were synthesized by reported proce-
dure0.

Physical measurements:

Elemental (C, H, N) analyses were carried by using a
Perkin-Elmer 2400 CHN analyzer. Spectroscopic data both
ligands and complexes were obtained using the following
instruments: UV-Vis spectra from a Perkin-Elmer Lambda
25 spectrophotometer; IR spectra of both ligands and com-
plexes were recorded with a Perkin-Elmer RX-1 FTIR spec-
trophotometer by using KBr pellets in the region 4000-400
cm~!. Photo excitation has been carried out using a Perkin-
Elmer LS-55 spectrofluorimeter and "H NMR spectra were
recorded from a Bruker (AC) 300 MHz FTNMR spectrometer.

1038

Preparation of compounds

Synthesis of {1-ethyl-2-methyl-4-(p-nitro-phenylazo)imia-
azole}, p-NO,-aai(Me)C,Hg (1b):

2-Methyl-4-(p-nitro-phenylazo)imidazole was synthesized
by the diazotization of p-nitro aniline in NaNO,/HCI at low
temperature (0-5°C) and followed by coupling with 2-methyl
imidazole in aqueous sodium carbonate solution at pH 7. To
dry THF solution (75 ml) of 2-methyl-4-(p-nitro-phenylazo)
imidazole (2.5 g, 10.86 mmol), NaH (50% paraffin) (0.65 g)
was added in small portion and stirred at cold condition on
ice bath for 0.5 h. 1-lodoethane (1.6 ml, 11.28 mmol) was
added slowly under stirring condition for a period of 1 h and
then warm for another 2 h on steam bath. The solution was
evaporated to dryness, extracted with CH,Cl,, washed with
NaOH solution (10%, 10 mix3) and finally by distilled water
(20 mix3). The CH,Cl, extract was chromatographed over
silica gel column prepared in ethyl acetate. The elution was
performed by 1:10 ethyl acetate-acetonitrile mixture. On slow
evaporation in air orange crystalline product was obtained.
Compound (1a) was prepared under identical conditions. The
yield varied in the range 60-68%.

Microanalytical data: Calcd. for C44H44N50O, (1a): C,
53.87;H,4.52; N, 28.56. Found: C, 53.84; H, 4.55; N, 28.58%:;
FT-IR (v, cm™"): 1625 (C=N), 1405 (N=N); UV-Vis (Amax/nm,
ex 1073 (M~Tem™)): 326 (0.8), 367 (1.6), 454 (0.2); 'THNMR
(CDCls) 8, ppm: 2.50 (3H, s, 2-CH5), 7.72 (1H, s, 5-H), 8.30
(2H,d, J7.3Hz, 7,11-H), 8.03 (2H, d, J 8.2 Hz, 8,10-H), 4.12
(3H, s, N-CHs). Microanalytical data: Calcd. for C4,H43NsO,
(1b): C, 55.59; H, 5.05; N, 27.01. Found: C, 55.72; H, 5.13;
N, 26.94%; FT-IR (v, cm™"): 1627 (C=N), 1403 (N=N); UV-
Vis (Age/im, £ x 1073 (M~ cm™)): 329 (0.7), 366 (1.4), 454
(0.3); '"H NMR (CDCly) &, ppm: 2.52 (3H, s, 2-CH,), 7.71
(1H, s, 5-H), 8.31 (2H,d, J 7.7 Hz, 7,11-H), 8.01 (2H, d, J 8.2
Hz, 8,10-H),4.01 (2H, q, J 6.7 Hz, N-CH,-), 1.52 (3H,t,J5.8
Hz, N-CH,- CH).

Synthesis of [Cd{p-NO,-aai(Me)CoHs}ol,] (4b):

To acetonitrile solution (10 ml) of Cdl, (20.8 mg, 0.085
mmol), p-NO,-aai(Me)C,Hz (1b) (45 mg, 0.173 mmol) in
MeOH (20 ml) was added and stirred for 4 h. The solution
was then filtered and slowly evaporated in air to isolate red
colored crystalline compound. The yield was 47 mg (70 %).
Other complexes were prepared under identical conditions
and the yield varied in the range 65-75%.
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Microanalytical data: Calcd. for Co,H»oN4,0,CdCl, (2a):
C, 39.22; H, 3.29; N, 20.79. Found: C, 39.32; H, 3.31; N,
20.89%; FT-IR (v, cm™"): 1595 (C=N), 1374 (N=N); UV-Vis
(Agnax/MM, € x 1073 (M~1 em™): 351 (3.5), 395 (5.3), 501
(0.4); "H NMR (DMSO-d¢) 8, ppm: 2.38 (3H, s, 2-CHj), 8.18
(1H, s, 5-H), 8.33 (2H, d, J 7.2 Hz, 7,11-H), 7.88 (2H, d, J 8.3
Hz, 8,10-H), 4.06 (3H, s, N-CHj). Calcd. for CosHy6N1o0,4
CdCl, (2b): C, 41.07; H, 3.76; N, 19.95. Found: C, 41.15; H,
3.70; N, 19.81%; FT-IR (v, cm™"): 1593 (C=N), 1373 (N=N);
UV-Vis (A gy/nm, €% 1073 (M~ cm™)): 354 (3.7), 397 (5.2),
501 (0.3); "H NMR (DMSO-dg) &, ppm: 2.40 (3H, s, 2-CHj),
8.19 (1H, s, 5-H), 8.34 (2H, d, J 7.8 Hz, 7,11-H), 7.90 (2H, d,
J8.3Hz, 8,10-H),4.03 (2H, q, J 6.8 Hz, N-CH,-), 1.35 (3H, t,
J5.7 Hz, N-CH,-*CH). Calcd. for CyH,,N440,CdBr, (3a):
C, 34.65; H, 2.91; N, 18.36. Found: C, 35.67; H, 2.85; N,
18.30%; FT-IR (v, cm™"): 1594 (C=N), 1376 (N=N); UV-Vis
(Amax/MM, € x 1073 (M~ em™)): 352 (3.6), 396 (5.3), 501
(0.2); "H NMR (DMSO-dg) 8, ppm: 2.40 (3H, s, 2-CHj), 8.19
(1H, s, 5-H), 8.34 (2H, d, J 7.4 Hz, 7,11-H), 7.89 (2H, d, J 8.4
Hz, 8,10-H), 4.05 (3H, s, N-CHj). Calcd. for CosHy6N1o0,4
CdBr, (3b): C, 36.45; H, 3.31; N, 17.71. Found: C, 36.52; H,
3.39; N, 17.64%; FT-IR (v, cm™"): 1596 (C=N), 1374 (N=N);
UV-Vis (A gy/nm, € % 1073 (M~ cm™)): 353 (3.8), 394 (5.4),
503 (0.4); 'H NMR (DMSO-dg) 5, ppm: 2.41 (3H, s, 2-CHj),
8.20 (1H, s, 5-H), 8.35 (2H, d, J 7.6 Hz, 7,11-H), 7.92 (2H, d,
J8.3Hz, 8,10-H),4.02 (2H, q, J 6.6 Hz, N-CH,-), 1.33 (3H, t,
J 5.9 Hz, N-CH,-*CHj). Calcd. for CppH,,N;0, Cdl, (4a):
C, 30.84; H, 2.59; N, 16.35. Found: C, 30.81; H, 2.61; N,
16.38%; FT-IR (v, cm™): 1596 (C=N), 1377 (N=N); UV-Vis
(Aax/MM, € x 1073 (M~1 em™): 351 (3.4), 396 (5.2), 502
(0.3); "H NMR (DMSO-dg) 8, ppm: 2.40 (3H, s, 2-CHj), 8.20
(1H, s, 5-H), 8.34 (2H, d, J 7.3 Hz, 7,11-H), 7.92 (2H, d, J 8.5
Hz, 8,10-H), 4.07 (3H, s, N-CHj). Calcd. for CosHy6N;o0,4
Cdl, (4b): C, 32.58; H, 2.96; N,15.83. Found: C, 32.59; H,
2.93; N, 15.82%; FT-IR (v, cm™"): 1597 (C=N), 1375 (N=N);
UV-Vis (Aqy/nm, € x 1073 (M~ cm™)): 352 (3.6), 397 (5.3),
501 (0.4); 'H NMR (DMSO-dg) 5, ppm: 2.42 (3H, s, 2-CHj),
8.21 (1H, s, 5-H), 8.35 (2H, d, J 7.8 Hz, 7,11-H), 7.91 (2H, d,
J8.2Hz, 8,10-H),4.03 (2H, q, J 6.6 Hz, N-CH,-), 1.36 (3H, t,
J5.7 Hz, N-CH,-*CH).

X-Ray diffraction study

Dark red single crystals of 1b (0.83x0.38x0.21 mm3) and
4b (0.59x0.45%0.39 mmq) were collected from slow evapo-

ration of mother liquor. The suitable single crystals were
mounted on a thin glass fiber with commercially available
super glue. X-Ray single crystal structure data were collected
on a Bruker Smart-CCD diffractometer equipped with a nor-
mal focus equipped with graphite monochromated Mo-K,
(A = 0.71073 A) radiation. The crystallographic data are
shown in Table 1. The unit cell parameters and crystal-orien-
tation matrices were determined by least squares refinements
of all reflections. The intensity data were corrected for Lorentz
and polarisation effects and an empirical absorption correc-
tion were also employed using the SAINT program. Data were
collected applying the condition / >2c(l). All these structures
were solved by direct methods and followed by successive
Fourier and difference Fourier syntheses. Full matrix least
squares refinements on F2 were carried out using SHELXL-
973" with anisotropic displacement parameters for all non-
hydrogen atoms. Hydrogen atoms were constrained to ride
on the respective carbon or nitrogen atoms with isotropic
displacement parameters equal to 1.2 times the equivalent
isotropic displacement of their parent atom in all cases. Com-
plex neutral atom scattering factors were used throughout
for all cases. All calculations were carried out using SHELXS
9732 SHELXL 973!, PLATON 9933 ORTEP-334 program.

Photometric measurements:

Absorption spectra were taken with a Perkin-Elmer
Lambda 25 UV/Vis spectrophotometer in a 1x1 cm quartz
optical cell maintained at 25°C with a Peltier thermostat. The
light source of a Perkin-Elmer LS 55 spectrofluorimeter was
used as an excitation light, with a slit width of 10 nm. An
optical filter was used to cut off overtones when necessary.
The absorption spectra of the cis isomers were obtained by
extrapolation of the absorption spectra of a cis-rich mixture.
Quantum yields (¢) were obtained by measuring initial trans-
to-cis isomerization rates (v) in a well-stirred solution within
the above instrument using the equation, v = (¢ Io/V)(1-
107A9%) where I is the photon flux at the front of the cell, Vs
the volume of the solution, and Abs is the initial absorbance
at the irradiation wavelength. The value of |, was obtained
by using azobenzene (¢ = 0.11) for T-n* excitation3® under
the same irradiation conditions.

The thermal cis-to-trans isomerisation rates were obtained
by monitoring absorption changes intermittently for a cis-rich
solution kept in the dark at constant temperatures (7) in the
range from 298-313 K. The activation energy (E,) and the
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Table 1. Summarized crystallographic data for p-NO,aai(Me)C,H;z (1b) and [Cd{p-NO,aai(Me)CoHs},lo](4b)

Compd. p-NO,aai(Me)C,H5 (1b) [Cd{p-NO,aai(Me)C,Hs},l,] (4b)
Empirical formula C4oH43N505 Co4HogN100415Cd
Formula weight 259.27 884.75
Temperature (K) 294(2) 294(2)

Crystal system Monoclinic Monoclinic

Space group P21/n C2lc

Unit cell dimensions

a(A) 9.2317(7) 32.1640(19)

b (A) 6.3912(4) 10.5003(6)

c(A) 21.6944(16) 18.8305(10)

B(°) 101.107(3) 101.501(3)

V(A)3 1256.03(15) 6232.0(6)

z 4 8

u(MoKor) (mm=) 0.098 2.729

Dealc (Mg M) 1.371 1.886

A (A 0.71073 0.71073

hki -12<h<12;-8<k<8;-28</<28 -42<h<42;-14<k<13;-25</<25
6-range (°) 2.608-28.240 2.261-28.321
Total reflections 3072 7658

Refined parameters 175 375

R[> 20 ()] 0.0556 0.0437

WR,? 0.1349 0.0836

Goodness of fit 1.053 1.138

R = Z|IF,| - [FLIZIF | PWR, = [Zw(F 2 - F 2)2Zw(F,2)2 "2, w = 1/[c?(F)? + (0.0778P)? + 9.4074P]; where P = ((Fy? + 2F 2)/3.

frequency factor (A) were obtained from the Arrhenius plot,
In k=1In A~ E,/RT, where k is the measured rate constant, R
is the gas constant, and T is temperature. The values of ac-
tivation free energy (AG*) and activation entropy (AS*) were
obtained through the relationships, AG* = E, — RT-TAS*
and AS* = [In A -1- In(kgT/h)/R where kg and h are
Boltzmann’s and Plank’s constants, respectively.

Computational methods:

All the calculations for [Cd{p-NO,-aai(Me)Et},X,] (X = Cl
(2b), Br (3b), | (4b)) were carried out with the density func-
tional theory (DFT) method as implemented in GAUSSIAN
09 (G09) program package® and the calculations have been
performed using the B3LYP exchange correlation functional®’
using Los Alamos effective core potential plus double zeta
(LanL2DZ)38-40 pasis set along with the corresponding
pseudo potential without any symmetry constrain for lead,
bromide and iodide. The vibrational frequency calculation was
also performed for complexes to ensure that the optimized
geometries represent the local minima and there are only
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positive Eigen values.To assign the low lying electronic tran-
sitions in the experimental spectra, TD-DFT#! calculations
of the complexes were done. We computed the lowest 25
singlet-singlet transition and results of the TD-DFT calcula-
tions was qualitatively very similar. GaussSum*2 was used
to calculate the fractional contributions of various groups to
each molecular orbital.

Results and discussion
Synthesis and formulation of the compounds:

2-Methyl-4-(p-nitro-arylazo)imidazole was synthesized by
the diazotization of p-nitroaniline in NaNO,/HCI and followed
by coupling with 2-methylimidazole in aqueous sodium car-
bonate solution (pH 7).

The alkylation was carried out by adding alky! iodide in
dry THF solution to the corresponding 2-methyl-4-(p-nitro-
phenylazo)imidazole in presence of NaH (Scheme 2). The
ligand is unsymmetrical N,N’-bidentate chelator where N and
N’ refer to N(imidazolyl) and N(azo) donor centers, respec-
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[Cd{p-NO,-aai(Me)CHz},l,] (4a), [Cd{p-NO,-aai(Me)CoHs}, 5] (4b)

Scheme 2. Preparation of Cd(I1) halide complexes.

tively. The reaction between p-NO,-aai(Me)R (R = -CH,-,
C,Hg) and CdX, in 2:1 mole ratio in MeOH and AN mixture
has isolated compounds of chemical formula [Cd{(p-NO,-
aai(Me)R},X].

Molecular structure of p-NO,-aai(Me)C,Hs (1b):

The crystal structure of (1b) is shown in Fig. 1 and se-
lected bond parameters are listed in Table 2. Imidazole and
p-nitro-phenyl groups are connected by -N=N- group and are

almost planar (deviation ~1.7°). Ethyl (-CH,CHs) group is
about to perpendicular (~112.95°) on p-nitro-phenyl-azo-imi-
dazole plane. The N=N bond length is 1.263(18) A which is
in support of reported data of other azoimidazole molecules*?.
The bonding strength between azo-N(4) and p-nitro-phenyl-
[C(4)-N(4), 1.429(2) A] is weaker than that of azo-N(3) and
imidazolyl-C(3) [C(3)-N(3), 1.391(2) A]. During the formation
of supramolecular assembly there are some prominent hy-
drogen bonding interactions (Fig. 1b) ((intermolecular C(2)-
H(2)--0(2) = 2.50 A, (£C(2)-H(2)--0(2) = 139°), (symme-
try: -x, 1-y, 1-z)) and intermolecular C(11)-H(11B)--N(1) =
249 A, (£C(11)-H(11B)--N(1) = 163°), (symmetry: x, 1+y,
z)) perform the pivotal role. There some parallel aromatic
rings conform weak rt---7 interaction to form the self-assemble
(Fig. 1c).

Table 2. Selected bond distances (A) and angles (°) for
p-NO,aai(Me)C,Hsg) (1b)

Bond lengths (A) Bond angles (°)

CB3)-N(1) 1.375(2) N(1)-C(3)-C(2) 110.59(14)
C(3)-C(2) 1.370(3) N(1)-C(3)-N(3) 127.43(14)
C2)-N(2) 1.358(2) N(3)-C(3)-C(2) 121.97(15)
C(3)NE) 1.391(2) C(3)-N(3)-N(4) 115.14(14)
N(3)-N(4) 1.263(18) N(3)-N(4)-C(4) 113.23(13)
N(4)-C(4) 1.429(2) N(4)-C(4)-C(5) 115.69(14)

Fig. 1.

The crystal structure of p-NOjaai(Me)C,Hj5 (1b): (a) Asymmetric molecular unit of ligand. (b) Different supra molecular interactions during

the formation of assembly of ligand. (c) Space fill view along crystallographic axis a of supra molecular aggregate of ligand.
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Fig. 2. The crystal structure of [Cd{(p-NOjaai(Me)C,Hg)},lo] (4b): (a) Asymmetric molecular unit of compound. (b) Different supra molecular
interactions during the formation of assembly of compound. (c) Space fill view along crystallographic axis a of supra molecular aggregate

of compound.

Molecular structure of [Cd{p-NO,aai(Me)C,Hz},l,] (4b):

The molecular structure of 4b shows distorted octahe-
dral orientation of the donor centres about Cd(ll) (Fig. 2).
Bond distances and angles are set out in Table 3. The met-
ric parameters show distorted CdNyl, coordination sphere.
The octahedral coordination is satisfied by chelating two p-
NO,aai(Me)C,H; ligands and other two sites and charges
are satisfied by two I ligands. The chelating N-Cd-N bond
angles are N(1)-Cd(1)-N(4), 63.77(10)° and N(6)-Cd(1)-N(9),
65.07(12)° respectively. The Cd-N(azo) distances are the
longest in the series and they are not equivalent: Cd(1)-N(4),
2.597(3) and Cd(1)-N(8), 2.805(3) A. Itis because the N(azo)
requires considerably more room . The elongation of two Cd-
N(azo) distance arises from lowering in overall symmetry of
the geometry. However, the Cd-N(azo) distances are less
than the sum of the van der Waals radii of Cd(ll) (1.58 A) and
N(azo) (1.55 A). This implies covalent interaction of N(azo)
and Cd(1). In case of complex the hydrogen bonds (intramo-
lecular C(11)--H(11B)--0(3) =2.57 A, (£C(11)--H(11B)--O(3)
= 143°), (symmetry: 1/2-x, 5/2-y, 1-z)), intramolecuar
(C(23)--H(23A)-1(1) = 3.00 A, (£C(23)--H(23A)-1(1) = 160°),
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Table 3. Selected bond distances (A) and angles (°) for
[Cd{(p-NO,aai(Me)C,Hxg)}olo] (4b)

Bond lengths (A) Bond Angles (°)
C(1)-N(1) 1.324(5) N(2)-C(1)-N(1) 110.9(3)
C(3)-N(1) 1.380(5) C(1)-N(1)-C(3) 105.2(3)
C(3)-C(2) 1.364(6) C(3)-N(3)-N(4) 115.3(3)
C(3)-N(3) 1.383(3) N(3)-N(4)-C(4) 112.8(3)
N(3)-N(4) 1.272(5) N(4)-C(4)-C(5) 115.7(4)
N(4)-C(4) 1.427(5) N(1)-Cd(1)-N(4) 63.77(10)
C(4)-C(5) 1.383(5) N(6)-Cd(1)-N(9 65.07(12)
N(1)-Cd(1) 2.338(3) N(1)-Cd(1)-N(9) 79.09(11)
N(6)-Cd(1) 2.336(3) N(4)-Cd(1)-I(1) 58.73(7)
N(4)-Cd(1) 2.805(3) N(6)-Cd(1)-I(1) 101.17(9)
N(9)-Cd(1) 2.597(3) N(4)-Cd(1)-1(2) 165.07(7)
I(1)-Cd(1) 2.7782(5) N(6)-Cd(1)-1(2) 96.48(8)
1(2)-Cd(1) 2.8024(4) N(9)-Cd(1)-I(1) 153.55(8)

N(1)-Cd(1)-N(6) 139.63(11)
1(2)-Cd(1)-I(1) 107.776(11)
*Symmetry: -x, -y, -z; **Symmetry: 1-x, 2-y, 1-z.

(symmetry: 1-x, -1+y, 3/2-z)) and (intermolecular (C(24)--
H(24B)--O(l) = 2.51 A, (£C(24)--H(24B)--O(1) = 156°, (sym-
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metry: x, 1-y, 1/2+z)) appear to form an assembly (Fig. 2b).
Interestingly some intramolecular hydrogen bonding, weak
C-H--rt and &t---m interactions form the supramolecular archi-
tecture (Fig. 2c).

Spectral studies:

Two main infrared stretching frequencies are used as in-
dicator of chelation of the ligand to Cd(1) : =y and vy in
free ligand appear at 1404 cm™" and 1626 cm™" respectively
while in the complexes these are observed at 1375 cm™’
(Vn=N) @nd 1595 cm™! (Vcan)- The lowering of frequency in
the complexes support the coordination of azo-N and imine-
N to Cd(ll). The absorption spectra were recorded in MeOH
solution for the ligands and in DMF solution (because of spar-
ing solubility of the complexes in MeOH) for the complexes,
in the wavelength range 200-700 nm. The spectra of the
ligands show absorption band at 360-370 nm with a molar
absorption coefficient in the order of 103 M~" cm? and a weak
band at450-455 nm. The characteristics common to the com-
plexes are a structured absorption band around 390-397 nm
with a molar absorption coefficient on the order of 103 M-
cm? and a weak band at 500-505 nm (e ~10° M~" cm?). The
transitions are shifted to longer wavelength by av. 25 nm in
the case of complexes. This may due to the overlapping of
MLCT transition from Cd(ll) — m* (azoimine). The assign-
ment is also supported by theoretical calculations, as de-
scribed later. The "H NMR spectra of ligands are recorded in
CDCl; and those of complexes are recorded in DMSO-dj
because of solubility problem in former solvent. Data reveal
that the signals in the spectra, in general, are shifted downfield
compared to the spectra of free ligand . The 7,11-H are shifted
to higher & by ~0.5 ppm. The overall observation supports
the existence of strong interaction between ligands and Cd(1)
in the complexes. This conclusion is also supported by single
crystal X-ray structure of one of the complexes (Fig. 2).

Photochromism:

Upon UV-light irradiation fixed at 3 min interval of A,
to a MeOH solution of the ligands and DMF solution of
complexes show the changes of absorption spectra those
are corresponding to the structural change from trans (E-
isomer) to cis (Z-isomer) (Figs. 3 and 4). The intense peak at
Amax decreases, which is accompanied by a slight increase
at the tail portion of the spectrum until a stationary state is
reached. Subsequentirradiation atthe newly appeared longer
wavelength peak reverses the course of the reaction and the

0.65- Decreasing
Trans isorrer
0.52
o ]
g 0.39-
< 0.
2
S
-g 026_ Cis isoer
< 1% % 0.00 T - T
00 75 460 E25 600
0.13 Weelenggh ()
000 T T T T \‘»AT 1
225 300 375 450 525 600

Wavelength (nm)

Fig. 3. Spectral changes of p-NO,aai(Me)C,Hs (1b) in MeOH upon
repeated irradiation at 364 nm at 3 min interval at 25°C,

0.65- Decreasing
Trans isomer
0.52-
)
g 0.39-
®
.E Cisisomer’
2 0.26+
.n I T T T |
< L% om0 25
| Isobestic Point * Wvelength (nm)
013
497 nm
0.00— : ‘ . .
300 375 450 525 600
Wavelength (nm)

Fig. 4. Spectral changes of [Cd{p-NO,-aai(Me)C,Hzg},l,] (4b) in DMF
upon repeated irradiation at 368 nm at 3 min interval at 25°C.

original spectrum is recovered up to a point, which is an-
other photostationary state under irradiation at the longer
wavelength peak. It is observed that upon irradiation with
UV light E-to-Z change proceeds and the Z molar ratio is
reached to ~70% and 65% respectively for ligand and com-
plexes. The ligands and the complexes show little sign of
degradation upon repeated irradiation at least upto 14 cycles
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Table 4. Results of photochromism, rate of conversion and quantum yields upon UV light irradiation

Compd. Mg v (NM) Isobestic point (nm)
1a 367 337,435
1b 366 336, 430
2a 395 361, 498
2b 397 364, 497
3a 396 362, 494
3b 394 365, 491
4a 396 363, 496
4b 397 360, 497

Rate of t—c conversionx108 (s~) r_sconversion
3.901 0.219 + 0.002
3.316 0.196 + 0.006
2.372 0.137 £ 0.002
2.194 0.124 + 0.002
2.774 0.159 +0.003
2.37M 0.137 £ 0.004
2.882 0.169 + 0.002
2422 0.141 £ 0.003

in each case. The quantum yields of the E-to-Z photoisomeri-
zation are determined using those of azobenzene?53° as a
standard and the results are given in Table 4. The photo-
isomerisation rate and quantum yields of coordinated ligand
are decreased compared to free ligand and in general, in-
crease in mass of the molecule reduces the rate and quan-
tum yield of isomerisation. Photo bleaching efficiency of ha-
lide** may snatch out energy from mt-rt* excited state. These
may cause very fast deactivation other than photochromic
route. Both rotor mass and volume are increased upon coor-
dination of ligand to CdX,. These two factors have signifi-
cantinfluence on the isomerisation rate and quantum yields.

The Z-to-E isomerisation of ligands (1) and it's Cd(11) com-
plexes (2-4) are followed by spectra measurements in MeOH
and DMF, respectively at varied temperatures, 298-313 K.
The Eyring plots in the range 298-313 K gave a linear graph
from which the activation parameters AS" and AH are cal-
culated (Table 5, Fig. 5). In the complexes, the E_s are se-
verely reduced which means faster Z-to-E thermal
isomerisation of the complex. The entropy of activation (AS*)
are high negative in the complexes than that of free ligand.
This is also in support of increase in rotor volume of the com-
plexes.

Electronic structure calculation and optical spectra:

The DFT and TD-DFT calculation have been performed
using optimized structures of [Cd{p-NO,-aai(Me)C,Hz},X,]
{X=Cl (2b), Br (3b), | (4b)}. In 2b the HOMO and HOMO-1
are closely spaced (Epyopo, —6-15 eV and Eygpo.1, —6.22
eV) and composed of 93-96% contribution from bonded ClI
(Fig. 6). The LUMO and LUMO+1 are also nearly degener-
ate m* orbitals of 100% contribution of ligand p-NO,-
aai(Me)C,Hs (E ymo, —3.7 eV and E| jy0+1,—3.68 V). The
HOMO-2 and other occupied levels differ both in energy and
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Fig. 5. The Eyring plots of rate constants of Z-to-E isomerisation of
(a) p-NOjaai(Me)CoHg (1b) and (b) [Cd{p-NO,-
aai(Me)C,Hz),}o] (4b) at 298-313 K.

composition. LUMO+2 and higher unoccupied MOs also
appear energetically athigher levels. The HOMO and HOMO-
1 of 3b contain 94-97% Br contribution. The characteristics
of 4b is also similar to 2b and 3b i.e. occupied MOs (HOMO,
HOMO-1 etc.) have major contribution (95%) from I. The
unoccupied MOs (LUMO, LUMO+1 etc.) are composed of
mainly from p-NO,-aai(Me)C,Hs ligand.

The transitions at longer wavelength are coming from X
(Cl, Bror I) = m*(azoimine) charge transfer (XLCT) transi-
tions along with Cd-to-p-NO,-aai(Me)C,Hs charge transfer
transitions (mainly low intensities). They are calculated in
between 625 and 270 nm. A strong mt—rt* transition (H-8/H-7
to L+1) is expected around 365415 nm. The calculation
shows that the XLCT (2b, 3b and 4b) transitions are of low
intensities and the predicable bands appear in the range
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Table 5. Rate and activation parameters for Z (¢) — E (t) thermal isomerisation

Compd. Temp. (K) Rate of thermal c—t
conversionx103 (s~
1a 298 0.785
303 1.240
308 2.561
313 3.551
1b 298 0.855
303 1.254
308 2.588
313 3.675
2a 298 1.376
303 1.754
308 2.247
313 3.245
2b 298 1.764
303 2.507
308 3.041
313 3.874
3a 298 1.654
303 1.824
308 2.652
313 4.243
3b 298 1.771
303 2.537
308 3.052
313 4224
4a 298 1.875
303 2.354
308 3.352
313 5.213
4b 298 1.892
303 2.814
308 3.064
313 5.332

E, AH* AS* AG*®
(kJ mol) (kJ mol) (I mol~1 K1) (kJ mol)

81.51 78.97 -58.58 96.86
77.47 74.93 -71.44 96.75
43.69 41.15 -180.98 96.44
39.65 37.11 -191.96 95.75
49.44 46.90 -160.78 96.02
43.32 40.78 -179.71 95.68
52.94 50.40 ~147 .61 95.50
49.44 46.90 -158.82 95.43

between 500 and 340 nm while 7t — w* transition is expected
at 325-375 nm. The transitions of large oscillator strength (>
0.2) are calculated at 414.97 (0.4252) (2b), 370.40 (0.4660)
(3b) and 370.73 (0.3192) (4b) nm.

In photochromic process the UV light irradiation is man-
datory to the molecule in solution for a fixed time which will
enforce to isomerise more stable frans-isomer (E) to cis-iso-
mer (Z). Irradiation in the UV region may be responsible to

n—n* transition. The MLCT or XLCTs are of lower ener-
getic transition which are capable to charge transfer to
azoimidazole and may not sufficient to perform physical pro-
cess like Cd-N(azo) cleavage or isomerisation. Conversely,
the excited complex may perform charge transition in a sec-
ondary (MLCT or XLCT) process which is responsible for
deactivation of excited species and reduces the rate of E —
Z change and quantum yields. This is observed, indeed
(Table 7).
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LUMO LUMO+1

E,-6.22 eV, E,-6.15¢eV, E,-3.70 eV; E, -3.68 eV;
Cd, 2%; Cl, 93% Cd, 1%; Cl, 96% Ligand, 100% Ligand, 100%
3b
E,-5.90eV; E,-58¢V, E,-3.74 eV, E,-3.71 ¢V,
Cd, 2%; Br, 94% Ligand, 99% Ligand, 99%
4b

E,-5.63 eV, E,-549 ¢V, E,-3.79 ¢V, E,-3.74 ¢V,
Cd, 2%; 1, 95% Cd, 1%; 1, 98% Ligand, 99% Ligand, 99%

Fig6. Surface plots of HOMO, HOMO-1, LUMO and LUMO+1 of [Cd{p-NO,-aai(Me)C,H5},Cl] (2b); [Cd{p-NO,-aai(Me)C,Hs},Br,] (3b) and
[Cd{p-NO,-aai(Me)C,Hz}lo] (4b).

The correlation diagram (Fig. 7) shows energy sequence -3.51 @) O (22 Lot
of MOs of the complexes. The energy ordering of MOs of 4o, e (AR T B
[Cd{p-NO,-aai(Me)C,Hs},Cl,] and [Cd{p-NO,-aai(Me)
C,Hz},Br,] are closely associated while energy of MOs of - -4.51 17 vor
[Cd{p-NO,-aai(Me)C,Hs]},l5] is higher than the respective s 50 ' -
MOs of previous complexes. Besides, the energy difference S
(AE = Eyuno - Evowo) between HOMO and LUMO folows & 857 ¥
the ordering [Cd{p-NO,-aai(Me)C,Hzg},l5] (1.7 eV) < [Cd{p- 60 o HA— ~ .
NO,-aai(Me)C,Hs},Bry] (2.06 eV) < [Cd{p-NO,- L= LUMO e

aai(Me)C,Hs},Cl,] (2.54 V). The plots of AE versus rates of
isomerisation and quantum vyields are linearly related (Fig.

8). This implies the direct correlation between photophysical ~ Fig- 7. Energy correlation between HOMO (H), HOMO-1 (H-1), LUMO
) P P phy (L) and LUMO+1 (L+1) of 2b, 3b and 4b. Results obtained

process and activation energy barrier. from DFT calculation of optimized geometries.

0.0 15 30 45 60 75 90
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Fig. 8. Correlation between (a) AE (= E| o — EHomo) VS quantum yields and (b) AE (= E; ypmo — EHomo) Vs rates of photoisomerisation.

Conclusions

In summary, p-NO,-aai(Me)R and [Cd{p-NO,-aai(Me)
R},X,] have been successfully synthesized, characterized.
and confirmed by single crystal X-ray diffraction study in case
of p-NO,-aai(Me)C,H5 and [Cd{p-NO,-aai(Me)C,Hs},l,].
Photochromism are examined by repetitive UV light irradia-
tion in methanol solution for the ligand and the DMF solution
is used for the complexes. The rate and quantum yields of E-
to-Z isomerisation of the complexes is less than that of free
ligand data. The rotor mass and volume may be the regulat-
ing agents for these data. The E-to-Z isomerisation is ther-
mally driven process. The activation energy (E,s) of
isomerisation of the free ligand three times than that of the
complex that implies the lowering of rate in the complex.
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