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Abstract: [Cu(PPh3)2(RaaiR)]ClO4 and [Ag(PPh3)2(RaaiR)]NO3 (RaaiR, 1-alkyl-2-(arylazo)imidazole)) com-
plexes are spectroscopically characterised and in one case, [Cu(PPh3)2(HaaiMe)]ClO4 (3a), the structure is
confirmed by single crystal X-ray diffraction measurement. UV light irradiation to the solution of the com-
plexes in DMF (free ligand in MeOH) show trans-to-cis isomerisation about -N=N-C6H4-R. The reverse trans-
formation, cis-to-trans, is carried out under thermal condition. Quantum yields (tc) of trans-to-cis
isomerisation of free ligand is higher than their complex phase. The activation energy (Ea) of cis-to-trans
isomerisation is calculated by controlled temperature experiment and is found that Ea (ligands) > Ea (com-
plexes). The Density Functional Theory has been used to calculate electronic structure of the optimized geo-
metry and hence the interpretation of the spectral and photochromic properties.

Keywords: Arylazoimidazole, PPh3, copper(I) and silver(I) complexes, single crystal X-ray, photochromism,
DFT computation.

Introduction
Azo dyes, an essential class of molecules in col-

oring industries, have been used as photostable and
weather stable pigments1. Recently, some metal com-
plexes of dyes have found applications in the realm
of high-technology area such as photoelectronic de-
vices, optical recording media2, light emitting di-
odes3, field effect transistors4, photovoltaic cells5

etc. 1-Alkyl-2-(arylazo)imidazole (RaaiR), a hetero-
cyclic-azo derivative, has been used in the focus of
coordination chemistry and are useful for optical
materials6. These molecules undergo reversible photo-
induced transformation between cis and trans iso-
mers about -N=N- whose absorption spectra differ

significantly7 and is defined as photochromism. RaaiR
may act as N(imidazolyl), monodentate and/or
N(imidazolyl), N(azo) bidentate chelating ligand8,9.
The photochromic behavior of RaaiR6  and some of
the complexes like Zn(II)10, Cd(II)11, Hg(II)12, Pb(II)13

and Pd(II)14-azoimidazoles has motivated us to ex-
amine the photochromic property of Cu(I) and Ag(I)
complexes.

The chemistry of copper(I) and silver(I) with
azoimine (-N=N-C=N-) functional group has brought
a considerable attention15 because of their interest-
ing electronic, optical, structural, biological, redox
and catalytic properties16. p-Acidic azoimine (-N=N-
C=N-) group stabilizes low valent metal redox state.
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The presence of other -acidic molecules like, PPh3,
CO, NO cooperate the azoimine function to stabilize
low redox state like Cr(0), Mo(0), W(0), Ru(0)17,
Cu(I)15. Herein we report hitherto unknown ternary
Cu(I) and Ag(I)-complexes of RaaiR and PPh3. This
article describes the structures, spectral properties
and photochromism of the complexes. DFT compu-
tation has been attempted to correlate with the ex-
perimental and theoretical structure parameter and
electronic properties of the representative complexes.

Results and discussion

Synthesis and formulation of compounds:

1-Alkyl-2-(arylazo)imidazole [RaaiR, where R =
H (a), Me (b); R =  Me (1) and Et (2)], react with
Cu(MeCN)4ClO4, Ph3P in 1:1:2 mole ratio in dry
MeOH solution which has isolated [Cu(PPh3)2
(RaaiR)]ClO4. Under identical condition reaction
between RaaiR, PPh3 and AgNO3, in mixed solvent
of acetonitrile and MeOH has isolated [Ag(PPh3)2
(RaaiR)]NO3. Microanalytical data support the com-
position of the complexes. In infrared spectra of
RaaiR the (N=N) and (C=N) appear at 1400–
1410 and 1620–1625 cm–1 and in the complexes these
bands are shifted to lower frequency, 1370–1385 and

1530–1560 cm–1 respectively which are in support
of coordination of azo-N and imine-N to M(I) (Table
1). The molar conductivity of the complexes, 70–90
–1 mol–1 cm2 in DMF, supports the 1:1 conducti-
vity of the complexes.

The solution electronic spectra of RaaiR in metha-
nol show a transition at 340–380 nm with a molar
absorption coefficient in the order of 103 M–1 cm²
and a tail extending into 550 nm with a weak band at
470–490 nm. The intense absorption band corresponds
to -* transitions, while the tail corresponds to
n-* transition15.

The 1H NMR spectra of complexes in CDCl3 re-
veal that the signals in the complexes are shifted to
downfield side relative to free ligand values. This
supports the coordination of ligand to M(I). Impor-
tant feature of the spectra is the shifting of imidazole
protons 4-H and 5-H to lower -values, in general,
relative to aryl protons (7-H–11-H). Imidazole pro-
tons suffer downfield shifting by 0.3–0.4 ppm com-
pared to the free ligand position (Table 1). This sup-
ports the strong preference of binding of imidazole-
N to metal. Aryl signals shift to the lower field side
on Me-substitution to the aryl ring. This is due to
electron donating effect of the Me- group.

Table 1. 1H NMR spectral data of the complexes in CDCl3 at room temperature

Compd.a (ppm)

4-Hs 5-Hs 7,11-Hd 8,10-Hd 9-Me 1-Me 1-CH2
q (1-CH2)-CH3

t PPh3
m

3a 7.52 7.25 7.98 7.31 – 4.23 – – 7.46–7.75

(8.0)

3b 7.49 7.20 7.89 7.28 2.42 4.21 – – 7.45–7.70

(8.1) (7.9)

4a 7.50 7.21 7.96 7.30 – – 4.53 1.57 7.45–7.74

(7.9) (7.5) (8.2)

4b 7.48 7.19 7.86 7.31 2.44 – 4.52 1.59 7.41–773

(8.1) (8.1) (7.5) (8.1)

5a 7.74 7.30 8.10 7.32 – 4.28 – – 7.44–7.72

(8.2)

5b 7.71 7.26 8.06 7.27 2.43 4.25 – – 7.47–7.71

(7.9) (8.0)

6a 7.70 7.27 8.07 7.26 – – 4.60 1.59 7.46–7.71

(8.0) (7.5) (8.1)

6b 7.68 7.27 7.80 7.29 2.43 – 4.59 1.62 7.44–7.70

(8.1) (8.1) (7.6) (8.2)
a1H NMR spectral data of HaaiMe (1a), MeaaiMe (1b), HaaiEt (2a), MeaaiEt (2b) are obtained for comparison from Reference
15(a); sSinglet; dDoublet; tTriplet; qQuartet; mMultiplet.
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Molecular structure of [Cu(PPh3)2(HaaiMe)]ClO4
(3a):

The crystals of [Cu(PPh3)2(HaaiMe)]ClO4 (3a)
are obtained by slow evaporation of the synthetic
reaction mixture in MeOH at ambient condition for a
week in dark. The molecular structure is shown in
Fig. 1. The bond parameters are listed in Table 2.
Each discrete molecular unit consists of tetrahedral
coordination CuN2P2 fragment. HaaiMe acts as
bidentate N(azo), N(imidazolyl) chelator. The atomic
arrangements Cu(1), N(4), N(3), C(39), N(1) cons-
titute the chelate plane with a maximum deviation

Scheme 1. Photo-isomerization of 1-alkyl-2-(arylazo)imidazole) [(R = H (a), Me (b); R = Me (1) and Et (2)], [Cu(PPh3)2-
(RaaiR)](ClO4) [(R = H (a), Me (b); R = Me (3) and Et (4)] and [Ag(PPh3)2(RaaiR)]NO3 [(R = H (a), Me (b);
R = Me (5) and Et (6)].

Fig. 1. (a) Molecular structure of 3a and (b) hydrogen bonded 1D chain.

Table 2. Selected bond lengths (Å) and angles (º) of
[Cu(HeaaiMe)(PPh3)2]ClO4 (3a)

Bond lengths (Å) Bond angles (º)

Cu(1)-N(1) 2.071(4) N(1)-Cu(1)-N(4) 77.37(14)

Cu(1)-N(4) 2.116(4) N(1)-Cu(1)-P(2) 112.51(11)

Cu(1)-P(2) 2.2574(12) N(4)-Cu(1)-P(2) 109.37(10)

Cu(1)-P(1) 2.2688(12) N(1)-Cu(1)-P(1) 113.77(10)

N(3)-N(4) 1.273(5) N(4)-Cu(1)-P(1) 110.76(11)

N(1)-C(39) 1.328(6) P(2)-Cu(1)-P(1) 123.52(5)

N(3)-C(39) 1.379(6) C(46)-N(4)-Cu(1) 127.7(3)

N(4)-C(46) 1.423(6) N(1)-C(39)-N(2) 112.4(4)

N(2)-C(39) 1.350(6) N(3)-N(4)-Cu(1) 116.9(3)

(a) (b)

JICS-4
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is accompanied by a slight increase at the tail portion
of the spectrum around 485 nm until a stationary
state (PS-I) is reached (Fig. 2). Upon UV light irra-
diation trans structure of RaaiR changes to cis struc-
ture about the azo (-N=N-) function and the cis molar
ratio reaches to >95% (Scheme 1). The complexes
are resistant to photo degradation upon repeated ir-
radiation at least up to 15 cycles in each case. In the
complexes the tc values are significantly less than
that of free ligand data.

Table 3. Results of photochromism, rate of conversion and
quantum yields upon UV light irradiation

Compounds ,* Isobestic Rate of tc tc

(nm) point conversion conversion

(nm) ×108 (s–1) ×108

HaaiMe (1a)a 363 333,431 5.06 0.25

HaaiEt (2a)a 364 334,433 4.83 0.24

MeaaiMe (1b)a 365 331,443 3.70 0.218

MeaaiEt (2b)a 365 328,444 4.59 0.206

3a 366 333,448 3.35 0.10

3b 362 327,437 1.29 0.06

4a 365 333,448 0.78 0.04

4b 367 332,447 0.82 0.05

5a 378 325,444 0.88 0.049

5b 380 333,447 1.47 0.058

6a 361 324,424 0.98 0.05

6b 363 327,436 0.44 0.04
aData are collected from Ref. 6.

Fig. 2. Spectral changes of trans-to-cis isomerisation of coordinated MeaaiMe of (a) [Cu(PPh3)2(MeaaiMe)]ClO4 (3b) and (b)
[Ag(PPh3)2(MeaaiMe)]NO3 (5b) in MeOH upon repeated irradiation at 366 nm at 3 min interval at 25ºC. Inset figure
shows spectra of cis and trans isomer of the complex.

<0.04 Å. The pendant phenyl ring makes a small
dihedral 4.7º with chelated azoimidazole ring. The
small chelate angle N(1)-Cu(1)-N(4), (77.37(14)º)
may be one of the reasons for geometrical distor-
tion.

The Cu(1)-N(imidazolyl) (Cu(1)-N(1), 2.071(4)
is shorter than Cu(1)-N(azo) (Cu(1)–N(4), 2.116(4)
Å, which reflects stronger interaction between Cu(I)
and N(imidazolyl). Although Cu(1)-N(azo) bond
length is very long but it is less than the sum of van
der Waals radii of Cu(I) (1.40 Å) and N(sp2) (1.53
Å). This implies significant bonding interaction be-
tween these components. The stronger coordination
of imidazole-N to Cu(I) compared to azo-N has sig-
nificant biochemical and photochemical implication
and explains photostability of Ag(I)15. Because of
long Cu(I)-N(azo) distance, the molecule becomes
useful for photo-activation via cleavage of this bond
followed by rotation to induce photoisomerisation
(vide infra). The N=N distance is  1.273(5) Å and is
comparable to previously reported result (1.262(6)
Å)15.

Photochromism:

The chelated ligand, RaaiR in the complexes un-
dergo photo-induced isomerisation and the quantum
yields of the trans-to-cis photoisomerisation are noted
in Table 3. The intense peak at max in DMF solu-
tion (~360 nm) of the complexes decreases, which
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The cis-to-trans isomerisation of RaaiR in the
complexes 3-6 are examined at varied temperatures,
306–321 K (Table 4, Fig. 3) followed by spectral
measurements. The Eyring plots in the temperature
range 306–321 K gave a linear plot from which the
activation parameters S* and H*  are calculated
(Table 4, Fig. 4). In the complexes, the Eas are
severely decreased which means faster cis-to-trans
thermal isomerisation of RaaiR in the complexes.
The entropy of activation (S*) are high negative in
the complexes than that of free ligand. This is also
in support of increase in rotor mass of the com-
plexes.

DFT Computation and Frontier molecular orbit-
als:

The structures of [Cu(PPh3)2(MeaaiMe)]+ (3b)
and [Ag(PPh3)2(MeaaiMe)]+ (5b) are optimized by
DFT computation. The MOs like HOMO, HOMO-1
and HOMO-2 of 3b are closely spaced (EHOMO,
–8.24 eV; EHOMO-1, –8.45 eV; EHOMO-2, –8.62 eV)
where as in the case of unoccupied molecular orbit-
als such as LUMO+1 and LUMO+2 are intimately
associated except  LUMO (ELUMO, –5.53 eV;
ELUMO+1, –3.03 eV; ELUMO+2, –3.00 eV). In 5b
occupied molecular orbitals are lower in energy than
that of 3b (EHOMO, –8.31 eV; EHOMO-1, –8.59 eV;

Table  4. Rate and activation parameters for cis (c)  trans (t) thermal isomerisation

Compounds Temp. Rate of thermal ct Ea H* S* G*

(K) conversion ×104 (s–1) (kJ mol–1) (kJ mol–1) (J mol–1 K–1) (kJ mol–1)

HaaiMe (1a)a 306 0.22 79.0 77.05 –77.1 100.00

311 0.40

316 0.88

321 2.75

MeaaiMe (1b)a 306 0.73 87.57 85.03 –38.84 96.60

311 1.20

316 2.60

321 3.70

HaaiEt (2a)a 306 0.33 86.87 84.33 –47.83 98.58

311 0.50

316 0.97

321 1.80

MeaaiEt (2b)a 306 0.64 87.63 87.08 –40.20 97.06

311 0.98

316 1.87

321 3.40

3a 306 3.132 55.63 53.02 –139.03 42.59

311 4.301

316 6.281

321 8.592

3b 306 3.821 59.41 56.802 –124.9 38.28

311 5.708

316 7.735

321 11.6

4a 306 5.458 61.26 58.65 –116.03 35.56

311 8.002

316 10.7

321 15.3
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4b 306 5.056 60.59 57.99 –99.51 30.51

311 7.012

316 12.54

321 14.32

5a 306 4.60 58.49 55.88 –126.62 40.70

311 6.23

316 9.01

321 13.44

5b 306 3.68 64.37 61.77 –108.8 33.35

311 5.81

316 8.64

321 11.98

6a 306 5.24 54.59 51.99 –137.67 42.18
311 7.91

316 11.61

321 14.02

6b 306 7.095 90.38 56.04 –74.74 22.92

311 9.586

316 15.01

321 19.17
aData are collected from Ref. 6.

Table-4 (contd.)

Fig. 3. Spectral changes of cis-to-trans isomerisation of (a) [Cu(PPh3)2(MeaaiMe)]ClO4 (3b) and (b) [Ag(PPh3)2(MeaaiMe)]NO3
(5b) in MeOH at 3 min interval at 306 K at thermal condition. Inset figure shows spectra of cis and trans isomer of
the complex.

EHOMO-2, –8.75 eV) and the UMOs also follow simi-
lar trend. Calculation shows that the occupied MOs
of 3b are mainly composed of metal and PPh3 while
unoccupied MOs are made of PPh3 except LUMO
where contribution of MeaaiMe is 95%. In 5b occu-
pied MOs are mainly contributed by MeaaiMe with

feeble contribution of PPh3 in some functions; the
UMOs are mainly contributed from PPh3 along with
Ag and MeaaiMe (LUMO-Ag 53%; MeaaiMe 5%,
PPh3  41% and LUMO +1-Ag 3%; MeaaiMe 95%,
PPh3  2%). The energy correlation of the complexes
is shown in Fig. 5.
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and metal-ligand charge transfer or vice versa
(MXCT/XMCT) (Table 4). Both the compounds, 3b
and 5b, exhibit intense transitions at 350–380 nm
along with an additional band at 400–415 nm is no-
ticeable. The band at 330–380 nm is referred to n/
(PPh3) *(N=N)  in case of 3b and n/(PPh3)
Ag i.e. the case of 5b while the transitions 250–
200 nm is assigned to M(I) *(PPh3).

Experimental
Materials: AgNO3, methyl iodide, ethyl iodide

were obtained from Sigma-Aldrich. 1-Alkyl-2-
(arylazo)imidazoles were synthesized by reported pro-
cedure15. [Cu(CH3CN)4](ClO4) was prepared in the
laboratory using standard method. All other chemi-
cals and solvents were reagent grade and used as
received and the solvents were purified before use
by standard procedure18.

Physical measurements:

Microanalytical data (C, H, N) were collected on
Perkin-Elmer 2400 CHNS/O elemental analyzer.
Spectroscopic data were obtained using the follow-
ing instruments: UV-Vis spectra from a Perkin-Elmer
Lambda 25 spectrophotometer; IR spectra (KBr disk,
4000–400 cm–1) from a Perkin-Elmer RX-1 FTIR
spectrophotometer; photo excitation has been car-
ried out using a Perkin-Elmer LS-55 spectrofluori-
meter and 1H NMR spectra were recorded from a
Bruker (AC) 300 MHz FTNMR spectrometer.

Synthesis of [Cu(PPh3)2(MeaaiMe)]ClO4 (3b):

To acetonitrile solution (10 ml) of MeaiMe (13.34

Fig. 4. The Eyring plots of rate constants of Z-to-E
isomerisation of (a) [Cu(MeaaiMe)(PPh3)2](ClO4)
(3b) and (b) [Ag(PPh3)2(MeaaiMe)](NO3) (5b) at
306–321 K.

Fig. 5. Correlation energy diagram of [Cu(PPh3)2(MeaaiMe)]
ClO4 (3b) and [Ag(PPh3)2(MeaaiMe)]NO3 (5b).

Table 5. The spectral transitions calculated by TD-DFT computation of [Cu(PPh3)2(MeaaiMe)]+ (3b) and
[Ag(PPh3)2(MeaaiMe)]+ (5b) in gaseous state

Excitation energy (eV) Wavelength (nm) f Key transitions Character

[Cu(PPh3)2(MeaaiMe)]+ (3b)

3.0723 403.55 0.1748 (49%) HOMO-13LUMO XLCT

3.4561 358.74 0.0358 (70%) HOMO-5LUMO XLCT

4.5168 274.49 0.2550 (78%) HOMOLUMO+3 MXCT

[Ag(PPh3)2(MeaaiMe)]+ (5b)

3.2047 386.88 0.6046 (54%) HOMO-2LUMO XMCT

3.3511 369.98 0.0423 (67%) HOMO-4LUMO XMCT

4.0148 308.50 0.0573 (70%) HOMO-15LUMO XMCT

X-PPh3: L-MeaaiMe; XLCT: Intra-ligand charge transfer transition (PPh3 to * of MeaaiMe); MXCT: Cu/Ag to PPh3 charge
transfer transition.

The electronic transitions in the complexes may
be associated with intra-ligand charge transfer (XLCT)
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mg, 0.07 mmol), [Cu(CH3CN)4](ClO4)  (22.89 mg,
0.07 mmol)  in methanol (5 ml) was added followed
by PPh3 (36.70 mg, mmol)  and magnetically stirred
for 3 h. The solution was then filtered and the fil-
trate was slowly evaporated in dark. Black crystals
were deposited on glass wall and then collected cau-
tiously and washed with n-hexane. The yield was
58.06 mg (79%).

Other compounds were prepared following iden-
tical procedure. Yield varied from 70–80%.

Microanalytical data of the complexes are as fol-
lows: [Cu(Ph3P)2(HaaiMe)]ClO4 (3a): Anal. Calcd.
for C46H40N4P2O4ClCu: C, 56.37; H, 4.11; N, 5.72.
Found: C, 56.41; H, 4.09; N, 5.71; FT-IR (KBr
disc, cm–1): (N=N), 1419; (C=N), 1531 cm–1;
UV-Vis spectroscopic data in CHCl3 (max(nm)
(10–3  (dm3 mol–1 cm–1))): 366 (28.0), 450 (2.84).
[Cu(Ph3P)2(MeaaiMe)]ClO4 (3b): Anal. Calcd. for
C47H42N4P2O4ClCu: C, 56.78; H, 4.26; N, 5.64.
Found: C, 56.81; H, 4.23; N, 5.61; FT-IR (KBr
disc, cm–1): (N=N), 1422; (C=N), 1540 cm–1;

UV-Vis spectroscopic data in CHCl3 (max(nm)
(10–3  (dm3 mol–1 cm–1))): 366 (24.6), 449 (3.90).
[Cu(Ph3P)2(HaaiEt)]ClO4 (4a): Anal. Calcd. for
C47H42N4P2O4ClCu: C, 56.78; H, 4.26; N, 5.64.
Found: C, 56.81; H, 4.23; N, 5.61; FT-IR (KBr
disc, cm–1): (N=N), 1418; (C=N), 1540 cm–1;
UV-Vis spectroscopic data in CHCl3 (max(nm)
(10–3  (dm3 mol–1 cm–1))): 365 (15.8), 453 (3.10).
[Cu(Ph3P)2(MeaaiEt)]ClO4 (4b): Anal. Calcd. for
C48H44N4P2O4ClCu: C, 57.18; H, 4.40; N, 5.56.
Found: C, 57.21; H, 4.39; N, 5.52; FT-IR (KBr
disc, cm–1): (N=N), 1425; (C=N), 1530 cm–1;
UV-Vis spectroscopic data in CHCl3 (max(nm)
(10–3  (dm3 mol–1 cm–1))): 367 (21.8), 453 (4.40).

Synthesis of [Ag(PPh3)2(HaaiEt)]NO3 (6a):

To acetonitrile solution (10 ml) of HaaiEt (13.40
mg, 0.07 mmol), AgNO3 (11.90 mg, 0.07 mmol)  in
methanol (5 ml) was added followed by PPh3 (36.68
mg, 0.14 mmol) in absence of light and magnetically
stirred for 5 h. The solution was then filtered and the
filtrate was slowly evaporated in dark. Orange crys-

Fig. 6. Optimized structures of [Cu(PPh3)2(MeaaiMe)]+ (3b) and [Ag(PPh3)2(MeaaiMe)]+ (5b) drawn by using DFT-B3LYP
function along with important bond parameters.

[Ag(PPh3)2(MeaaiMe)]+ unit of 5b
Ag(28)-N(2), 2.62086; Ag(28)-N(4), 2.42435; N(3)-N(4),
1.29334; Ag(28)-P(29), 2.48449; Ag(28)-P(30), 2.48736;
N(2)-Ag(28)-N(4), 82.94650.

[Cu(PPh3)2(MeaaiMe)]+ unit of 3b
Cu(28)-N(2), 2.10407; Cu(28)-N(4), 2.18735; N(3)-N(4),
1.30740; Cu(28)-P(29), 2.41695; Cu(28)-P(30), 2.42663;
N(2)-Cu(28)-N(4), 77.98650.
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tals were deposited on glass wall and then collected
cautiously and washed with n-hexane. The yield was
51.06 mg (82%).

Other compounds were prepared following iden-
tical procedure. Yield varied from 75–83%.

Microanalytical data of the complexes are as fol-
lows: [Ag(Ph3P)2(HaaiMe)](NO3) (5a): Anal. Calcd.
for C46H40N5O3P2Ag: C, 54.37; H, 4.07; N, 5.52.
Found: C, 54.21; H, 4.16; N, 5.51; FT-IR (KBr
disc, cm–1): (N=N), 1435; (C=N), 1558 cm–1;
UV-Vis spectroscopic data in CHCl3 (max(nm)
(10–3  (dm3 mol–1 cm–1))): 359 (32.3), 445 (2.34).
[Ag(Ph3P)2(MeaaiMe)]NO3 (5b): Anal. Calcd. for
C47H42N5O3P2Ag: C, 55.07; H, 4.62; N, 11.07.
Found: C, 54.94; H, 4.55; N, 11.18; FT-IR (KBr
disc, cm–1): (N=N), 1436; (C=N), 1559 cm–1;
UV-Vis spectroscopic data in CHCl3 (max(nm)
(10–3  (dm3 mol–1 cm–1))): 362 (54.6), 378 (49.9),
449 (3.90). [Ag(Ph3P)2(HaaiEt)]NO3 (6a): Anal.
Calcd. for C47H42N5O3P2Ag: C, 55.07; H, 4.62;
N, 5.45. Found: C, 54.89; H, 4.68; N, 5.47; FT-IR
(KBr disc, cm–1): (N=N), 1441; (C=N), 1556
cm–1; UV-Vis spectroscopic data in CHCl3 (max(nm)
(10–3  (dm3 mol–1 cm–1))): 361 (40.2), 453 (4.4).
[Ag(Ph3P)2(MeaaiEt)]NO3 (6b): Anal. Calcd. for
C48H44N5O3P2Ag: C, 55.73; H, 4.52; N, 5.43.
Found: C, 55.62; H, 4.46; N, 5.41; FT-IR (KBr
disc, cm–1): (N=N), 1440; (C=N), 1556 cm–1;
UV-Vis spectroscopic data in CHCl3 (max(nm) (10–3

 (dm3 mol–1 cm–1))): 363 (47.6), 453 (3.82).

Photometric measurements:

Absorption spectra were taken with a Perkin-Elmer
Lambda 25 UV/Vis spectrophotometer in a 1×1 cm
quartz optical cell maintained at 25ºC 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 extrapo-
lation of the absorption spectra of a cis-rich mixture
for which the composition is known from 1H NMR

integration. Quantum yields () were obtained by
measuring initial trans-to-cis isomerization rates ()
in a well-stirred solution within the above instru-
ment using the equation,  = ( I0/V)(1 – 10–Abs),
where I0 is the photon flux at the front of the cell, V
is the volume of the solution, and Abs is the initial
absorbance at the irradiation wavelength. The value
of I0 was obtained by using azobenzene ( = 0.11
for -* excitation19) under the same irradiation con-
ditions.

The thermal cis-to-trans isomerisation rates were
obtained by monitoring absorption changes intermit-
tently for a cis-rich solution kept in the dark at con-
stant temperatures (T) in the range from 298–313 K.
The activation energy (Ea) and the frequency factor
(A) were obtained from the Arrhenius plot, ln k = ln
A – Ea/RT, where k is the measured rate constant, R
is the gas constant, and T is temperature. The values
of activation free energy (G*) and activation en-
tropy (S*) were obtained through the eq. (1),

G* = Ea – (RT + TS*) and

S* = [ln A – 1 – ln (kBT/h)/R (1)

where kB and h are Boltzmann’s and Plank’s con-
stants, respectively.

X-Ray diffraction study:

The block shaped dark colored single crystals of
[Cu(PPh3)2(HaaiMe)]ClO4 (3a), (0.08×0.09×0.11
mm3) were grown by slow evaporation of the reac-
tion mixture for a week. An appropriate crystal was
mounted on a Siemens CCD diffractometer equipped
with graphite monochromated Mo-K ( = 0.71073
Å) radiation. The crystallographic data are shown in
Table 6. The unit cell parameters and crystal-orien-
tation matrices were determined by least squares re-
finements of all the reflections. The intensity data
were corrected for Lorentz and polarization effects
and an empirical absorption correction were applied.
Data were collected applying the condition I >2(I).
The structure was solved by direct method and fol-
lowed by successive Fourier and difference Fourier
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syntheses. Full matrix least squares refinements on
F2 were carried out using SHELXL-9720 with aniso-
tropic displacement parameters for all non-hydrogen
atoms. Hydrogen atoms were restricted to ride on
the respective carbon or nitrogen atoms with isotro-
pic displacement parameters equal to 1.2 times the
equivalent isotropic displacement of their parent atom
in all cases. All calculations were carried out using
SHELXL 9720, SHELXS 9721, PLATON 9922 and
ORTEP-323 program.

Crystallographic data for the structure of
[Cu(PPh3)2(HaaiMe)]ClO4 (3a) have been deposited
with the Cambridge Crystallographic Data Center,
CCDC No. 1580970. Copies of this information may
be obtained free of charge from the Director, CCDC,

12 Union Road, Cambridge CB2 1EZ, UK (E-mail:
deposit@ccdc.cam.ac.uk or www:htpp://www.
ccdc.cam.ac.uk).

Computational study:

Gaussian09 program software package24 was used
to optimize geometry by DFT computation technique.
The basis set B3LYP level25,26 were used for C, H,
N, O, and the LanL2DZ effective core potential (ECP)
set of Hay and Wadt27–29 for Cu, Zn and P atoms30.
The vibrational frequency calculations were performed
to ensure that the optimized geometries represent the
local minima and there are only positive eigen val-
ues. Vertical electronic excitations based on B3LYP
optimized geometries were computed using the time-
dependent density functional theory (TDDFT) for-
malism31 in acetonitrile using conductor-like pola-
rizable continuum model (CPCM)32 using the same
B3LYP level and basis sets. GAUSSSUM33 was used
to calculate the fractional contributions of various
groups to each molecular orbital.

Conclusion

Ag(I)/Cu(I)-triphenylphosphine complexes of 1-
alkyl-2-(arylazo)imidazoles are described. Upon UV
light irradiation to the solution of the complexes the
trans-geometry changes to cis-geometry about -N=N-
bond of 1-alkyl-2-(arylazo)imidazoles both in free
and complexation phase. Quantum yields of trans-
to-cis isomerisation is lower in complex than that of
free ligand phase. The cis-to-trans isomerisation is
thermally driven process. The activation energy (Eas)
of cis-to-trans isomerisation is lower in complex than
that of free ligand which may be the reason for slow
transformation.
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Table 6. Summarized crystallographic data for
[Cu(PPh3)2(HaaiMe)]ClO4 (3a)

[Cu(HeaaiMe)(PPh3)2]ClO4

Empirical formula C45.66H40ClCuN4O4P2

Formula weight 860.76

Temperature (K) 273(2)

Crystal system Monoclinic

Space group P2(1)/n

a (Å) 9.9174(2)

b (Å) 14.7540(3)

c (Å) 29.3832(6)

(º) 93.4360(10)

V (Å)3 4291.66(15)

Z 4

 (Mo-K) (mm–1) 0.71073

 range 1.39–24.19

hkl range –11 < h < 11; –17 < k < 16;

–33 < l < 33

DCalcd. (mg m–3) 1.332

Refine parameters 542

Total reflections 41790

Unique reflections 6877

R1
a [I > 2 (I)] 0.0708

wR2
b 0.1592

Goodness of fit 1.006
aR = ||Fo|–|Fc||/|Fo|. bwR2 = [w(Fo

2–Fc
2)2/

w(Fo
2)2]1/2, w = 1/[2(F0)

2+ (0.0778P)2 + 9.4074P]; where
P = ((F0

2 + 2Fc
2)/3.
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