
Bull. Mater. Sci., Vol. 17, No. 6, November 1994, pp. 1109-1117. © Printed in India. 

Physical characterization of the organic nonlinear 
optical crystal- 3-methoxy 4-hydroxy benzaldehyde 
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Abstract. We highlight our recent experimental work on an efficient molecular nonlinear 
optical crystal, 3-methoxy 4-hydroxy benzaldehyde (MHBA). Optical quality single crystals 
of MHBA were grown from mixtures of solvents and from melt. The overall absorption 
and transparency window were improved by growing them in a mixture of chloroform and 
acetone. The grown crystals were characterized for their optical transmission, mechanical 
hardness and laser damage. We have observed a strong correlation between mechanical 
properties and laser induced damage. 

I. Introduct ion 

High storage density optical devices require laser sources at short wavelengths, 
typically around the blue region. Direct compact  sources are currently not available 
at these wavelengths. A viable alternative is to obtain them by intra-cavity frequency 
doubling of  GaAs-AIGaAs lasers. The requirements for such crystals are very 
stringent; they should have high nonlinearity, high angular acceptance and high 
damage threshold. Till today the only inorganic crystal in which intra-cavity 
frequency doubling o f  GaAs lasers was demonstrated is K N b O  3. However,  this 
requires thermal stabilization of  the cavity as the thermo-optic coefficients of  K N b O  3 

are high, which is a serious handicap in device fabrication. Hence alternative 
materials are currently being explored, and 3-methoxy 4-hydroxy benzaldehyde 
promises to be a good candidate. M H B A  is an efficient molecular nonlinear optical 
(NLO) material. It has relatively weak donor and acceptor ( - C H O  and - O H )  at 
para positions in a benzene ring and - o f n  3 group attached at the meta position, 
ensuring an acentric crystal structure. Its SHG powder efficiency is as high as 30 
times that of  urea and it has transparency in the blue region. It has a low threshold 
for SHG and low angular sensitivity. Also, crystals o f  M H B A  can be grown from 
solutions at low temperature. A combination of  these desirable properties makes 
M H B A  an excellent material for investigation as a frequency doubler for GaAs 
lasers. In this paper we discuss some of  our recent experiments on this important 
organic NLO crystal. 

2. Experimental  and results 

2.1 Crystal growth 

Single crystal of  MHBA were grown from various solvents and solvent mixtures using 
an indigenous growth unit fabricated in our laboratory (Dhanaraj et al 199l). It was 
observed during our growth experiments that MHBA, owing to its highly polar nature, 
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grows as needles and rods from various solvents. Hence single crystals were grown 
from various solvent mixtures. The results of our extensive investigations on the 
effect of  solvent and solvent mixtures on the crystal habit and optical quality of  
MHBA have already been published in one of our earlier papers (Venkataramanan 
et al 1994a). 

Since it was very difficult to grow large single crystals of  MHBA from solvents 
or solvent mixtures, we considered it worthwhile to attempt other methods of 
growth as well. As a first step towards melt growth, we studied the behaviour of 
MHBA at the melting point. Our DSC (figure 1) and TGA experiments showed 
that the compound does not sublime and is quite stable up to its melting point. 
These results indicated that MHBA could be grown from melt. Subsequently, large 
single crystals of  MHBA of size 30 x 20 x 2 mm 3 were grown from melt (figure 2). 
In general, the melt grown crystals were yellowish in colour indicating increased 
optical absorption. However, unlike the solution grown crystals, these crystals did 
not suffer from inclusions and their preferential incorporation into certain regions 
(Venkataramanan et al 1994a). 
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Figure 1. DSC curve of MHBA. 

Figure 2. Photograph of a typical melt grown crystal. 
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2.2 Optical transmission 

Molecular NLO crystals usually have high absorption in the visible wavelength and 
narrow transparency window. This is one of the disadvantages of these materials 
which limits their utility. The high excited-to-ground state dipole moment that 
increases the nonlinearity also increases the absorption. MHBA, however, has only 
weak donor and acceptor and hence can be expected to have lower absorption than 
the other organic crystals. 

Figure 3 shows the optical transmission of MHBA in the region 200-2000 nm. 
MHBA was tbund to have low absorption at the Nd : YAG fundamental wavelength, 
which contributes to its resistance to laser induced damage. Also, there was very 
little absorption at the doubled wavelength (532 nm), which can improve the second 
harmonic throughput. It was also found to have-an extended transmission range 
(down to 360 nm). This, coupled with the high nonlinearity makes MHBA very 
attractive for diode laser frequertcy, doubling applications as well as those with 
tunable Ti-sapphire lasers. 

On visual examination, the.crystals gl:own from chloroform-acetone mixture were 
found to be less coloured tfian those fr'om acetic acid-water mixture. Optical 
absorption studies were hence carried out on samples grown from different solutions, 
which yielded crystals large enough for characterization. Particularly, crystals grown 
from acetic acid-water and chloroform-acetone were chosen tbr comparison. The 
inset in figure 3 shows the low wavelength cut-off of the crystals grown from 
acetic acid (370 rim) and those from chloroform mixtures (365 nm). It was observed 
that in samples of identical thickness, the crystals grown from chloroform-acetone 
mixture had approximately 10% less absorptiorl than 'those grown from the other 
mixture. It should be emphasized here that thougli the mixture of acetic acid-water 
gave larger crystals (Zhang et al 1992), crystals g'¢own from chloroform-acetone 
mixture, with higher transparency range and low overall absorption are more suitable 
for optical experiments. As regards to the melt grown crystals, there was an overall 
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Figure 3. Optical transmission of MHBA crystals grown from chloroform-acetone mixtures. 
The inset shows the increase in transparency when compared to the cxystals grown from 
acetic acid-water mixture. 



1112 V Venkataramanan, Sanjay Uchil and H L Bhat 

increase in optical absorption as compared to those grown from solutions. Further 
optimization of the growth conditions is required to improve the optical transmission 
in the melt grown crystals. 

2.3 Defects characterization 

The grown MHBA crystals were characterized for defect content using X-ray 
topography employing the synchrotron radiation source at Daresbury Laboratory, 
UK. The surface damage from cleavage was removed by wet polishing the crystal. 
The crystal plate of 2 mm thickness was set to 400 reflection for 0.72 ]k radiation 
of the white radiation from a synchrotron source. Figure 4 shows a typical synchrotron 
topograph of a MHBA crystal  grown from chloroform-acetone mixture. In general, 
the dislocation densities were very high, as the crystals were self-nucleated. 
Consequently, she individual dislocations could not be resolved. This topograph 
reflects the typical characteristics of organic crystals, showing high contrast variation 
and poor resolution (Halfpenny et al 1993). 

Figure 5 is the synchrotron topograph of a MHBA crystal grown from melt. As 
can be seen from the figure the melt grown crystals were highly strained. As a 
result of the large strain, some regions of topograph are seen in out of diffraction 
conditions, which results in an incomplete imaging of the crystal. An improvement 
in the overall quality should be possible with improved growth conditions. Work 
is currently under progress to optimize the growth conditions. 

2.4 Laser induced damage 

Previous report on laser damage indiCia.led a threshold value in excess of 1 GW/cm 2 
for MHBA for a 25 ns pulse (Yakovlev and Poezzhalov 1991). However, they were 
unable to accurately measure the damage threshold of MHBA. Hence, a measurement 
of  laser damage resistance was made on the MHBA crystals grown from solutions. 

For laser damage experiments ;t picosecond Continuum YG601 Nd:YAG laser 

Figure 4. Synchrotron topograph of MHBA crystal grown from solution, k = 0.72/~, 400 
rel]ection, 001 plate. 
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was used. The experimental set-up for evaluating laser induced damage is shown 
in figure 6. The combination of polarizer and the attenuator serves to cut the input 
intensity to the required level. The beam splitter transmits 15% of the power to 
the pyroelectric probe (Laser Precision Corporation, RjP-7735). The power meter 
was triggered by synchronous pulses from the Q-switch of the N d : Y A G  laser. 
The crystals were kept slightly away from the focal spot of the beam. A low 
power He-Ne laser beam was also simultaneously focussed onto the crystal. When 
damage occurs, this He-Ne beam gets scattered which could easily be detected 
even by naked eye. The transmitted He-Ne beam from the crystal was collected 
on a screen for further facilitating the detection of damage occurrence. 

MHBA samples were prepared by cleaving the crystals in the (001) plane. As 
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Figure 5,- Synchrotron topograph of MHBA crystal grown from melt. ~. = 0-72 ]~, 400 
reflection, 001 plate. 
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Figure 6. Experimental anangement for laser damage measurements. 
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the cleavage was facile and smooth without any steps, no polishing was required. 
No special cleaning was done to the surface. The crystals selected for the experiments 
were of  the best quality among those grown. Since MHBA crystals always grow 
with inclusions in negative b axis, exposures were restricted to the other end. 
Pre-exposure examination in selecting the test site included visual examination for 
inclusions and looking for light scattering from the He-Ne laser used as the probe 
in the actual experimental arrangement. 

During single shot experiments to measure l-on-1 (Pj) damage resistance values, 
the laser was operated by a remote control. The occurrence of damage (or otherwise) 
was monitored on the screen and irrespective of whether the damage had occurred 
or not, the samples were moved to a new site. The distance between the two sites 
was kept at least 5 times the spot size on the crystal surface. 

During multiple shot experiments n-on-1 (P~), the laser beam at sub-threshold 
value was made to fall on same site of  the crystal and the onset of  damage (the 
scattering of He-Ne beam) was monitored on the screen. The laser power was 
continuously monitored and averaged for the entire duration of the experiment. If 
the damage had not occurred even after 2000 pulses, the crystal was moved so 
that the beam fell at a new site and the experiment was repeated with slightly 
higher power. This procedure was repeated till the test site was damaged with 
2000 pulses. The value of P~ was averaged over a large number of  observations. 

The laser parameters and the results obtained are given in table I. It can be 
seen that the damage threshold values obtained during the present investigations 
are less than that reported earlier, considering the fact that the present study is 
with picosecond pulses. In their experiments, Yakovlev and Poezzhalov (1991), had 
kept the crystals in an evacuated chamber with quartz windows. It was not clear 
if  they had accounted for the absorption in the quartz window while calculating 
the total power at the crystal surface. Also, it was not explicit whether their 
experimental values corresponded to the bulk damage measurements, in which case 
it can be an order of  magnitude higher than the surface threshold. During the 
present investigation, the crystals were directly exposed to focused radiation 
without any enclosures and the values reported here are for surface damage 
threshold. 

Table 1. Laser damage in MHBA--Test parameters 
and results. 

Test parameters 

Wavelength 
Repetition rate 
Pulse width 
Beam profile 
Beam diameter 
Specimen orientation 
Polarization 

Results 

532 nm 
5 Hz 
32 psec 
TEM(x) 
3.6 mm (at lie 2) 
(00l) 
perp. lob 

Single shot (PI) 7 GW/em 2 
Multiple shot (P,) 0-8 GW/cm 2 
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2.5 Mechanical hardness 

It was speculated previously that a knowledge of the mechanical properties of NLO 
crystals is essential in understanding the origin of laser induced damage in them 
(Yokotani et al 1989). With this in view, we carried out mechanical hardness 
studies on these crystals. The anisotropy of hardness of M H B A  was evaluated on 
the cleavage (001) plane by Knoop indentation. A Leitz Miniload tester fitted with 
a Knoop indenter was used. A constant load of 15 g was applied for all indentations. 
The descending time was kept constant at 20 sec and the dwell time 40 sec. Starting 
from the a axis, indentations were made for incremental rotations of 10" in the 
entire (001) plane and the KHN were averaged over a large number of  values. 
Figure 7 shows the variation of mechanical hardness as a function of angle. As 
can be inferred from the graph, there is a marked anisotropy in hardness of  MHBA. 
Hardness along b axis is higher than that along the a axis. In general, the hardness 
of MHBA is quite lower when compared to those of inorganic NLO crystals. The 
lower hardness value can he attributed to the presence of relatively weak bonds 
in the MHBA molecule. The information on hardness anisotropy was subsequently 
used in understanding the nature of laser induced damage in the crystal, as outlined 
below. 

The morphology of the damage pattern cart reveal the nature and possible origin 
of damage in the crysl~als. The damage patterns, often reflect the symmetries of  the 
crystal surface. Earlier workers have predicted the Origin of laser damage through 
a careful examinfition of these patterns, which included dielectric breakdown, thermal 
decomposition, etc (Ellenberger et al 1992; Bolt and van der Mooren 1993). 
However, no specific cbrrelation between the mechanical hardness anisotropy and 
the nature of laser damage has been made so far. To observe the possible correlation, 
we examined the morphologies of laser induced damages in MHBA and compared 
them with mechanical hardness anisotropy. Post-exposure examination of the damaged 
surfaces revealed highly anisotropic damage profiles, the orientation of which were 
identified from the morphology of  the samples. The elliptical laser damage has its 
major and minor axes along the crystallographic b and a axes (figure 8a). The polar 
plot of hardness anisotropy (figure 8b) was compared with the damage morphology. 
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F i g u r e  7. Mechanical  hardness anisotropy of MHBA in, the (001) plane. 
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Figure 8. a.Optical micrograph of laser induced damage in 001 plane of MHBA (x60) 
and b. polar plot of hardness anisotropy of MHBA, 

It was observed that the laser damage was severe along the mechanically harder 
b axis. This is in consistence with our reports on other NLO crystals, viz. L-arginine 
phosphate monohydrate (LAP) (Venkataramanan et al 1994b) zinc tris(thiourea) 
sulfate (ZTS) and bis(thiourea) cadmium chloride (BTCC) (Venkataramanan et at 
1994c). However, unlike the other crystals studied by us, MHBA has a sharp 
damage threshold value. Just above the threshold there were severe fragmentation 
and fracture, leading to the physical removal of material from the surface. We 
attribute this to the presence of a facile cleavage plane in MHBA. It should, 
however, be reiteratetl that the mechanism of laser induced damage is highly 
complicated and case-specific. Detailed studies are warranted on different crystals 
under identical experimental conditions to develop a comprehensive model. 
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3. Conclusions 

Single crystals of MHBA were grown from various solvents, solvent mixtures and 
melt. Spectrophotometric studies on single crystals revealed that crystals grown in 
a mixture of chloroform and acetone have lesser absorption than those grown from 
other solvent mixtures. Also crystals from chloroform-acetone have increased 
transparency window and are tfius better suited for optical applications. Detailed 
thermal analysis on the compound revealed that MI-IBA does not have any high 
temperature phase transition and does not sublime appreciably till its melting point. 
Mechanical hardness assessment on MI-IBA indicates that the crystals are softer 
than semiorganics. Laser damage threshold experiments revealed a high resistance 
to laser damage and the damage morphologies were found to have strong correlation 
with mechanical hardness anisotropy. 
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