Trade Science Ine.

ISSN : 0974 - 7486 Volume 9 | ssue 2

A Tndéian Yournal

— Pyl Paper

MSAIJ, 9(2), 2013[78-82]

Growth of urea crystals by accelerated evaporation from solution
and its characterization

R.Thenmozhi, A.Claude*

Post Graduateand Resear ch Department of Physics, Gover nment ArtsCollege, Dhar mapuri — 636 705,

Tamil Nadu, (INDIA)
E-mail: albertclaude@yahoo.com

ABSTRACT

Ureaand itsderivativesisan excellent NLO material which can begrown as
crystals from solutions. There were many unfavourable conditions which
imposes a limitation on the size of the grown crystal. Urea or carbamide
with chemical formulaCO (NH,), where the molecule hastwo —NH,, groups
joined by acarbonyl (C=0) functional group. Ureaservesanimportant role
in the metabolism of nitrogen-containing compounds by animalsand isthe
main nitrogen-containing substance in the urine of mammals. It is solid,
colourless, and odorless and highly soluble in water and non-toxic by na-
ture. Dissolved in water, it is neither acidic nor alkaline. The synthesis of
this organic compound by Friedrich Wéhler in 1828 from an inorganic pre-
cursor was an important milestone in the development of organic chemis-
try, asit showed for thefirst time that amolecule found in living organisms
could be synthesized in the lab without biological starting materials The
termsurea and carbamide are al so used for aclass of chemical compounds
sharing the same functional group RR’N—CO—NRR’, namely a carbonyl
group attached to two organic amine residues. The constituents were taken
in suitable containers and optimal growth conditions were designed. Urea
crystallization was mooted at room temperature. After aprescribed amount
of time whiskers get developed into small stick shaped crystals. Urea is
also crystallized using the same solution growth technique. The crystals
are analysed for their surface structural, optical and spectroscopic proper-
ties. © 2013 Trade Sciencelnc. - INDIA
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Urea or carbamideisan organic compound with
the chemical formulaCO (NH,),. Themolecule has
two—NH, groupsjoined by acarbonyl (C=0) func-
tiona group. Ureaservesan important roleintheme-
tabolism of nitrogen-containing compoundsby animals

and isthemain nitrogen-containing substanceintheurine
of mammals. Itissolid, colourless, and odorless (a -
though theammoniathat it gives off inthe presence of
water, including water vapor in the air, has astrong
odor). Itishighly solubleinwater and practically non-
toxic. Dissolved inwater, it isneither acidic nor aka-
line. The body usesit in many processes, the most
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notable one being nitrogen excretion. Ureaiswidely
usedinfertilizersasaconvenient sourceof nitrogen.
Ureaisasoanimportant raw materid for thechemical
industry. The synthesis of this organic compound by
FriedrichWahler in 1828 from an inorganic precursor
wasanimportant milestonein the development of or-
ganic chemistry, asit showed for thefirst timethat a
moleculefoundinliving organismscould besynthesized
inthelab without biol ogicd starting materias, thuscon-
tradicting atheory widely prevaent at onetime, called
vitalism. Thetermsurea and carbamide areal so used
for aclass of chemical compounds sharing the same
functiona group RR'N—CO—NRR’, namely a car-
bonyl group attached to two organic amineresidues.
Examplesinclude carbamide peroxide, allantoin, and
hydantoin. Ureasareclosely related to biuretsand re-
lated in structureto amides, carbamates, carbodiimides,
and thiocarbamides.

MATERIALSAND METHODS

Growth of crystalsfrom agueous supersaturated so-
|utionsisoneof themost important methods of crystal
growth. Thismethod of |ow temperaturesol ution growth
producing crystalsfrom agueous solutionsisextremely
versatilein the production of many scientifically and
technologicaly important crystalg2. It isalso oneof the
most widdy used methodsfor thegrowth of singlecrys-
talsfrom solutions. Crystalscan be grown by low tem-
perature solution growthin amatter of weeks, months
and sometimesyears. Although thistechnol ogy of growth
of crystalsfrom solution (LTSG) has been well per-
fected, itinvolvescarefully planned meticulouswork,
highleve of integrity and patienceand evenafar amount
of luck®. A small disturbance, power failure, dustin-
clusion or even acontaminated batch of raw material
can destroy monthsof hard work.

Materials having moderate to high degree of solu-
bility inaparticular temperaturerange, roomtempera:
tureambient to 100 °C at atmospheric pressure can be
grown by low-temperature sol ution method. Themecha
nismof crystdlization from solutionsisgoverned by the
interaction of ionsor molecul es of the solute and the
solvent and crystalli zation which isbased on the solu-
bility of substance based on thethermodynamical pa-
rameters of the process; temperature, pressure and
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sol vent concentration, along with many other growth
parameters“. The advantagesof crystal growth from
low temperature sol ution nearer theambient tempera-
tureresultsin thesimpleand straight forward equip-
ment design which givesagood degree of control of
accuracy of +0.01°C. Due to the precise temperature
control, supersaturation can be very accurately con-
trolled®. Also efficient stirring of solutionsreducesfluc-
tuationsto aminimum. Thelow temperature solution
growthtechniqueiswell suited tothosematerialswhich
suffer from decompositioninthemelt or inthe solid at
high temperatures and which undergo structura trans-
formationswhile cooling from themelting point and as
amatter of fact numerous organic and inorganic mate-
ridswhichfal inthiscategory canbecrysalized using
thistechnique®. Thelow temperature solution growth
techniqueaso dlowsvariety of different morphologies
and polymorphic forms of the same substance can be
grown by variations of growth conditionsor of solvent.
The proximity to ambient temperaturereducesthe pos-
sibility of mgjor thermal shock tothecrystal both dur-
ing growth and removal from the apparatud”.

X-RAY DIFFRACTION

Thestructura confirmation of thegrown crystal of
Urea,, was carried out using the X-Ray powder dif-
fraction method onthegrown crystd sin powdered form.
The powder samples were loaded into a Rigaku X-
Ray diffraction gpparatususing CuK o radiation having
A =1.5405nm and examined for their peaks. Results
were compared with the JCPDS databasefile number
99-101-0067 and ICDD 72-0118 where the promi-
nent peaksof thereported values coincided withthein-
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Figurel: Powder XRD patternof ureacrystal
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vestigated patterns. The powder XRD pattern of Urea
(Figure 1) had four common prominent peaksat (112),
(213), (204), (323) respectively. Thecd | parameterswere
foundtobea=5.646 A, c=4.701 A respectively. The
cdll volumewas calculated to be 149.86 A 3.

MICROINDENTATIONTESTS

Microhardnesstestsare used to find the physical
and mechanical hardness of thegrown crystal of Urea
whereitisused to estimate the threshold mechanical
stress or the maximum pressure or stressit can with-
stand®®. Samples of purecrystal of Ureaand werein-
dented using a Lietz-Wetzler P1191 Microhardness
tester fitted with aVikers pyramidal indenter with an
optica angleof 136° betweentheopposite pyramidals.
Observationsof thevariousindentation testssweredone
usingtheMetalux-1l Metallurgical Microscope. A uni-
formindentation time of 10 secondswere agpplied uni-
formly for loads 20 to 90g. The hardnessvalue of the
asgrown crystal samples(Figuer 2) werefoundtoin-
creasedowly with the gpplied loadsuntil 30g. Further
application of higher loads showed that the hardness
values sharply decreased and devel oped mild cracks
onthe pyramidal indentation edges. Beyond 90g the
samplesdevel oped large prominent cracksdueto the
attainment of thethreshold mechanica stress. Thehard-
nessvalueswereca culated using theformula

_ 1.8544xP
2

H, = kgmm™

H, istheVickers hardness number. Pistheindenter
loadingm and D isthediagond length of theimpres-
soninmm. Themicro hardnessva uewastaken asthe
average of the severa impressionsmadewith both di-
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Figure2: Micro-indentation testsof ureacrystals

agonda sbeing measured. Thevariation of hardnesswith
indenter load isshowninfigure2.

UV-VISSPECTRALANALYSIS

Infrared spectroscopy isavaluabletool for both
gualitativeand quantitativeanaysig*!. Oneof theprob-
lems often encountered in applying infrared spectros-
copy to quantitative andyses of solutionsisthetendency
for common solvents to absorb infrared light very
strongly. Thesolvent absorptionscan effectively “blank
out” large regions of the spectrum, thereby blacking
out val uableinformation about the anal ysed compound
of interest. Water isaparticularly bad solvent for usein
the infrared region, asthe spectral bands associated
with O-H vibrationsarevery strongand broad. Thisis
unfortunate, asmany environmentd, forensic, and dini-
cal samplesoccur naturally in aqueous matrices. One
way to reducethewater absorption and still obtain vi-
brationa informationisto moveintothespectrd region
known asthe near-infrared. Theinfrared region from
1200- 200 cnrt isinvestigated for analysis. The spec-
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Figure3: UV-Visabsorption spectraof urea
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tral bands observed in thisregion are overtones and
combination bandsassoci ated with the fundamenta vi-
brationsfoundin themid-infrared. For example, afun-
damentd vibration at frequency nl cangiverisetoover-
tone absorptionsat frequencies 2nl, 3nl, etc. Funda-
mentd vibrationsat frequenciesnl and n2 cangiverise
to acombination band at frequency n1 + n2. Theoc-
currence of overtone and combination bandsis|ess
probabl e than the occurrence of thefundamental vibra-
tions, resultinginlessintensebandsinthe near-infrared
region. For example, whilewater still absorbsrather
strongly inthe near infrared, itsabsorptionisreduced
enough to allow the absorptionsdueto other speciesto
be observed?. There are severa “windows” in the
water absorption spectrum that alow many andytesto
be determined directly in an aqueous matrix. TheAb-
sorption spectraof Ureawastaken in aPerkin Elmer
LambdaUV-V 1S spectrophotometer wheretwo promi-
nent absorption maxima were observed at 255nm.
Absorption spectra revealed that there was a good
amount of transmission wheretheclarity of thecrysta
isconfirmed. Transmiss on spectrawas a so taken us-
ing thesameapparatuswhere 90-95% transmission was
observed. Thisprovesthat the quality of thecrystal was
good and highly transparent.

FTIRINVESTIGATIONS

Fourier transforminfrared spectroscopy (FTIR) is
an optical technique which isused to obtain an in-
frared spectrum of absorption, emission, photo-
conductivity or Raman scattering of a solid, liquid or
gas®. AnFTIR spectrometer simultaneoudly collects
spectral datain awide spectral range. Thisconfersa
sgnificant advantage over a dis-persive spectrometer
which measuresintensity over anarrow rangeof wave-
lengthsat atime. FTIR hasmadedis-persiveinfrared
spectrometersall but obsol ete (except sometimesin
the near infrared), opening up new applications
of infrared spectroscopy. The term Fourier transform
infrared spectroscopy originates from the fact that
aFourier transform (a mathematical algorithm) is re-
quired to convert the raw datainto the actual spec-
trum. For other uses of this kind of technique,
see Fourier transform spectroscopy. The goal of
any absorption spectroscopy (FTIR, ultraviolet-visible
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(“UV-Vis”) spectroscopy, etc.) is to measure how well
asampleabsorbslight at each wavelength. Themost
straightforward way to do this, the““dispersive spec-
troscopy” technique, is to shine a monochromatic light
beam at a sample, measure how much of thelightis
absorbed, and repeat for each different wavel ength.
Fourier transform spectroscopy isalessintuitive
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Figure5: FTIR investigationsof ureacrystal

wal to obtain the sameinformation. Rather than shin-
ingamonochromatic beam of light at the sample, this
technique shinesabeam containing many different fre-
guenciesof light at once, and measures how much of
that beam isabsorbed by the sample. Next, the beam
ismodified to contain adifferent combination of fre-
guencies, giving asecond datapoint. Thisprocessis
repeated many times. Afterwards, acomputer takesal
these dataand works backwardsto infer what the ab-
sorption isat each wavel ength. The beam described
aboveisgenerated by starting with abroadband light
source—one containing the full spectrum of wavelengths
to bemeasured. Thelight shinesinto acertain configu-
ration of mirrors, caled aMichelson interferometer, that
allows somewave engthsto passthrough, but blocks
other wave engthsdueto wave interference. The beam
ismodified for each new data point by moving one of
themirrors; this changesthe set of wavelengthsthat
passthrough. As mentioned, computer processingis
required to turn theraw data(light absorptionfor each
mirror position) into thedesired result (light absorption
for each wavelength). The processing required turns
out to beacommon agorithm caled the Fourier trans-
form. Theraw datais sometimescalled an “interfero-
gram”.

FTIR spectra of the Urea (Figure 5) and doped
KDPweredoneon aPerkin-Elmer 781 Lambda spec-
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trophotometer in the optimal regions 400-4000cm*
usingaKBr pellet for reference. Many useful observa
tional peakswere observed at 2675cm?, 2927 cm’?,
3415 cm?, 3760 cm?, 3843 cm?* and at 3975 cm?
whichisinthegroup frequency regions (4000-1300cn
1) and thefingerprint region (1300-650cm?). Thein-
termediatefrequency rangewhich was between 2500
1540 cm™! (unsatur ated region) containstriple bond
frequencies which appears from 2500 to 2000 cm!
and double bond frequencieswerefoundto beat 1715
cnmrt and which should befrom 2000to 1540 cm . In
theregion between 1300 and 650 cm™! therearesingle
bond stretching frequencies and bending vibrations
(skeetd frequencies) of polyatomic sysemsinvolving
motions of bonds linking a substituent group to the
molecule 1041 and 1265 cn. Some of themost use-
ful applicationsof infrared spectroscopy areinthearea
of coordination and organometallic chemistry which
describesthe changein the symmetry of aligand upon
coordination. For example, when small molecules(e.g.
N,, O, and H,) are linked to transition metal ionsa
symmetry change occurswhich hasastrong influence
ontheinfrared spectra. These metal—ligand vibrations
706 ct gppear in thelow frequency region (600-100
cm') and provide direct information about the struc-
ture of the coordination sphere and the nature of the
meta-ligand bond™. Meta-ligand vibrations if any due
toimpuritiesarealso metal sengitive and are shifted by
changing themetal or itsoxidation statewhichisagppli-
cableonlytoiso-structural meta complexes.

CONCLUSION

Crystal Growth of Urea by solution growth tech-
nique using the accel erated evaporati on techniquewas
carried out successfully. The Grown crystals 2mm x
20mm x 2mm were subjected to structural, optical
and spectroscopic characterizationsand confirmed for
their properties. Thegrowth period whichwasroughly
two weekstimewas shortened into three days at an
averagewherevery fast vaporization leadsto spuri-
ous nucleation and polymerization. Thisisanimpor-
tant technique which can be successfully used inin-
dudtrid crystdlization.
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