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Synthesis of semiorganic material, triphenylphosphine oxide cadmium iodide (TPPOCdI), is reported for

the first time. Employing the temperature reduction method, a crystal of size 16�7�6 mm3 was

grown from dimethyl sulfoxide (DMSO) solution. Three dimensional crystal structure of the grown

crystal was determined by single crystal X-ray diffraction study. The complex crystallizes in the chiral

orthorhombic space group P212121. FTIR study was carried out in order to confirm the presence of the

functional groups. UV–vis–NIR spectral studies show that the crystal is transparent in the wavelength

range of 290–1100 nm. The microhardness test was carried out, and the load hardness was measured.

Thermogravimetric and differential thermal analyses reveal the thermal stability of the crystal. Second

harmonic generation efficiency of the powdered TPPOCdI, tested using Nd: YAG laser, is �0.65 times

that of potassium dihydrogen orthophosphate.

& 2011 Elsevier B.V. All rights reserved.
1. Introduction

In the last several decades, Nonlinear Optical (NLO) materials
have attracted much attention due to their potential use in many
fields, such as telecommunication, optical computing, optical infor-
mation processing and color displays [1,2]. Nonlinear optical
materials, which can generate highly efficient second harmonic
blue–violet, are of great interest for various applications, including
laser fusion reactions, laser remote sensing, color display and
medical diagnostics. Organic molecules containing p electron con-
jugation systems asymmetrized by the electron donor and acceptor
groups are highly polarizable entities for NLO applications [3–5].
Furthermore, in metal-organic complexes, the metal–ligand bond-
ing is expected to display a large molecular hyper-polarizability
because of the transfer of electron density between the metal atom
and the conjugated ligand system [6,7]. More importantly, the
diversity of central metals, oxidation states and ligands make it
possible to optimize the charge-transfer interactions. In the case of
metal-organic coordination complexes, group (IIB) metals are
extensively chosen as their compounds, usually to achieve high
transparency in the UV region because of their closed d10 shell [8,9].
The stronger the ligands, the greater the energy difference between
ll rights reserved.
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the split in the high and low 3d groups. Complex ion formed by
d-block elements (e.g. Zn and Cd), which is colorless, because 3d
orbitals are full, no electrons are able to move up to the higher
gap [10]. Regarding the organic ligands, small p-electron systems
such as thiocyanate (SCN)� , urea [ OC(NH2)2] and thiourea
[SC(NH2)2] have been used with remarkable success. These ligands
and their metal (group IIB) complexes are always colorless. Poten-
tial NLO materials like bisthiourea cadmium chloride (BTCC) and
triallyl thiourea cadmium chloride (ATCC) are examples of this
approach [8]. Further, triphenylphosphine oxide derivatives are
interesting candidates, as they bind well to most transition metals
of groups 7–10. Hence in the present investigation, we report for
the first time on the synthesis, growth, crystal structure, optical,
mechanical and thermal properties and the powder nonlinear
optical efficiency of the title compound, triphenylphosphine oxide
cadmium iodide.
2. Experimental Procedures

2.1. Material Synthesis

The title compound was synthesized from analytical reagent
grade cadmium iodide (CdI) and triphenylphosphine oxide (TPPO)
in 1:1 molar ratio. The calculated amount of CdI was dissolved in
distilled water and the required amount of TPPO was dissolved in
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Scheme 1. Reaction mechanism involved in the synthesis of TPPOCdI.

Fig. 1. (a) As-grown crystal of TPPOCdI by slow evaporation at room temperature.

(b) As-grown crystal of TPPOCdI by temperature reduction method.
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ethanol and mixed by continuous stirring. After refluxing it for 2 h
at 100 1C, the mixture was allowed to cool slowly to room
temperature, which yielded colorless crystalline powder solid of
the compound. The purity of the synthesized material was
improved by recrystallization process. The reaction mechanism
involved in the synthesis of triphenylphosphine oxide is given in
Scheme 1.

2.2. Crystal growth

Saturated solution of TPPOCdI was prepared at 35 1C from
recrystallized salt, and this solution was filtered with microfilters.
About 250 ml of this solution was taken in a beaker and placed in
a constant temperature bath maintained at 35 1C with an accu-
racy of 70.01 1C. One of the better quality crystals obtained from
slow evaporation of the solvent at room temperature was used as
a seed crystal (Fig. 1a). Single crystal of TPPOCdI was grown by
reducing the temperature from 35 to 31.3 1C at the rate of 0.1 1C
per day. Optically clear and well-shaped crystal of size
16�7�6 mm3 was harvested in a growth period of 37 days
and shown in Fig. 1b.
3. Results and discussion

The three dimensional crystal structure of TPPOCdI was
determined by single crystal X-ray diffraction analysis. Suitable
crystals of TPPOCdI were obtained as colorless blocks by slow
evaporation technique. The intensity data were collected at 293 K
(20 1C) on a Stoe Mark II-Image Plate Diffraction System [11]
equipped with a two-circle goniometer and using MoKa graphite
monochromated radiation. The structure was solved by direct
methods using the program SHELXS-97 [12]. The refinement and
all further calculations were carried out using SHELXL-97 [13].
TPPOCdI crystallizes in the orthorhombic system with space
group P212121. In the title compound, the CdII atom is ligated
by two I atoms and two O atoms from two triphenylphosphine
oxide ligands in a distorted tetrahedral arrangement. While the
O–Cd–I angles vary from 106.67 (7) to 111.23 (7), the O–Cd–O
angle is 88.60 (10) and the I–Cd–I angle is 125.47 (2). The crystal
structure is stabilized by van der Waals forces only [14].

The Fourier transform Infrared (FTIR) spectrum of TPPOCdI
was recorded in the region of 400–4000 cm�1 (Fig. 2), employing
the Perkin Elmer Fourier transform infrared spectrometer using
KBr pellet technique. The stretching vibration of P¼O is observed
at lower frequency of 1109 cm�1, which clearly indicates the
presence of oxygen to metal bonds in the coordination compound.
This is also confirmed by single crystal X-ray diffraction analysis.
The band appears at 537 cm�1 is attributed to the Cd–O bonds.
The peak at 3454 cm�1 is assigned to the stretching vibration of
the O–H bond of water molecules absorbed by KBr [15]. The
presence of heteroaromatic type structure is best recognized by
the presence of –C–H stretching vibration near 3030 cm�1. In this
region, the absorption bands are less affected by the substitu-
tional pattern and the presence of conjection with the double
bonds of the ring. The peak at 3056 cm�1 is designated to C–H
stretching vibration. The in-plane and out-of-plane vibrations of
C–H group are identified at 1020 and 854 cm�1, respectively. The
peak at 1641 cm�1 is the bending vibration of OH group. The C–O
stretching mode is observed at 1425 cm�1.
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Fig. 2. FTIR spectrum of TPPOCdI.
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Fig. 3. UV–vis–NIR spectrum of TPPOCdI.
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The transmission range is important for any NLO material
because it can be of practical use only if it has wide transparency
window. Optical transmission spectrum of TPPOCdI was recorded
in the range of 200–1100 nm using Varian Cary 5E UV–vis–NIR
spectrophotometer (Fig. 3). A transparent crystal of 2 mm thick-
ness was used for this measurement. From the spectrum, it is
evident that the compound has a very low UV cutoff wavelength
at �300 nm, which is sufficient for second harmonic generation
of laser radiation of 1064 nm for frequency doubling process [16].
Kurtz and Perry [17] second harmonic generation (SHG) test was
performed to estimate the NLO efficiency of powdered TPPOCdI
crystal. The grown single crystal of TPPOCdI was powdered with a
uniform particle size and then packed in a micro capillary of
uniform bore and was illuminated using Spectra Physics Quanta
Ray DHS2 Nd: YAG laser using the first harmonics output of
1064 nm with pulse width of 8 ns and repetition rate of 10 Hz.
A sample of potassium dihydrogen orthophosphate, also pow-
dered to the same particle size as the experimental sample, was
used as a reference material in the present measurement. The
SHG radiations of 532 nm green light was collected by a photo-
multiplier tube (PMT-Philips Photonics-model 8563) after being
monochromated (monochromator-model Triax-550). The optical
signal incident on the PMT was converted into voltage output at
the CRO (Tektronix-TDS 3052B). The input laser energy incident
on the powdered sample was chosen to be 3.4 mJ. Powder SHG
efficiency obtained for TPPOCdI is about �0.65 times that of
potassium dihydrogen orthophosphate crystal. The relative effi-
ciency of TPPOCdI is found to be greater than L-arginine hydro-
chloride, L-arginine hydrobromide and L-arginine hydrochloride
bromide [18,19].

The thermal stability of TPPOCdI was studied by thermogravi-
metric analysis (TGA) and differential thermal analysis (DTA)
using SDT Q600 V8.3 Build 101 instrument between the tem-
peratures 50 and 1100 1C at a heating rate of 20 1C/min in
nitrogen atmosphere (Fig. 4). The initial mass of the material
subjected to the analysis was 2.8600 mg. The TG analysis shows
that between 62 and 153 1C the weight loss is about 4%. This
indicates the loss of water hydration (H2O). Only one major loss of
weight of about 88% exists in the TG curve (between 223 and
310 1C), which may be due to the decomposition of the complex.
The crystal is nearly stable upto 223 1C, which is higher tempera-
ture than for many other semiorganic NLO crystals like allyl
thiourea mercury bromide (125 1C), bis(isothiocyanato)-bis(4-
methylpyridine)zinc(II) (158 1C) [20,21]. In TG curve another
weight loss of about 2% between 310 and 403 1C is due to
dissociation of the substance and evaporation of volatile sub-
stances. There is no endothermic or exothermic peak up to
1000 1C in the DTA curve, whereas TGA shows almost complete
weight loss and the residual weight obtained at 1000 1C is only
0.6626%.

Vickers microhardness test was carried out on the prominent
face of TPPOCdI crystal using microhardness tester fitted with a
diamond indenter. The indentations were made using a Vickers
pyramidal indenter for loads 25, 50 and 100 g. The diagonal
lengths of the impressions were measured using Shimadzu
(Japan), Model HMV-2 hardness instrument. The indentation time
was 25 s for all the loads. Vickers microhardness number (Hv) was
evaluated from the relation Hv¼1.8544(P/d2) kg/mm2, where P is
the applied load in g and d is the diagonal length of the
impression in mm. The variation in microhardness values with
applied load is shown in Fig. 5. From Vicker’s microhardness
studies, it is observed that the hardness value increases up to a
load of 100 g. For load above 100 g cracks started developing
around the indentation mark, which may be due to the release of
internal stresses [22].



Fig. 4. TG/DTA of TPPOCdI.
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Fig. 5. Vickers microhardness values of TPPOCdI.
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4. Conclusion

A new semiorganic crystal TPPOCdI of dimension 16�7�6 mm3

was grown by the temperature reduction method. The crystal is
transparent and colorless with a well-defined external appearance.
Single crystal XRD shows that TPPOCdI crystallizes in the orthorhom-
bic system. The observed unit cell parameters are a¼10.5492(5) Å,
b¼17.7053(7) Å, c¼19.1985(9) Å and a¼b¼g¼901, and the crystal
belongs to the space group P212121. FTIR spectral analysis confirms
the presence of functional groups constituting TPPOCdI. The optical
study shows that the crystal is transparent in the wavelength region
of �290–1100 nm. Its powder SHG efficiency is about �0.65 times
that of KDP. The microhardness studies reveal that the hardness of
crystal is moderately good. Thus, TPPOCdI is a new NLO candidate
with reasonable optical and mechanical properties, and relatively
high thermal stability. Further efforts to modify this system with
other possible derivatives may be expected to lead to new materials
with improved properties.
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