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ABSTRACT

Medicinally important drug of aspirin was grown lapor diffusion method in the phosphoric acid mediu
Various studies were carried out on the harvestgdtals from this method to confirm the aspirinstay. The study
of metal complex of the aspirin crystal has alreddyen published by many authors. In the similar meanthe
aspirin crystal was grown by our group to analyhe trug compound grown in the presence of phosptemid
medium. The powder XRD analysis shows the shagpsetpeaks of the crystalline compound of asplongwith
phosphoric acid. The FT-IR and FT-Raman spectrogcstpdies confirm the various functional groupssbirin.
Also the vibration bands corresponding to the phasiz acid were identified in the IR and Raman $@eclThese
bands are due to the presence of phosphoric acigcules attached on the surface of the aspirintatyduring
crystal growth. It is one more conformational stuafyaspirin crystal in the medium of the phosphaid. The
band gap value of crystal was found to be at 4.3neie UV-Visible spectroscopy study. Also, thephology of
the grown crystal is identified from the SEM midrofpograph. The elemental analysis has been cawigdor the
title crystal by EDAX. The melting point study bé tgrown crystal by capillary tube method matchdé whe
melting point of the aspirin.
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INTRODUCTION

Another name of aspirin also known as acetylsatiatid, often used to treat pain, fever, and mfieation[1]. It is
also used to prevent heart attacks, strokes, asmthbtlot formation in human beingshat high riskdefveloping
blood clots [2]. Low doses of aspirin may be givermediately after a heart attack to reduce the oisknother
heart attack or the death of heart tissue [3, 4pitn may be effective at preventing certain typéscancer,
particularly colorectal cancer [5]. The aspirin dreds to a class of medications called Non-Steroidati-
inflammatory drugs [6]. It is transformed to thdiae form of salicylate in the human body [7].dtused to prevent
swelling and phenomena related to swelling assedtiafth trauma or allergic response [8, 9]. Thestalg of metal
complexes with aspirin have been found to be sodditianal medical activities such as antiulcer,icaricer,
antimutagenic and antioxidative in biological sysse [10,11]. Attempt has been made to change the
physicochemical properties of pure aspirin drugh®yincorporation of phosphoric acid. This propetiange may
be used to improve medicinal activity of drug compd in the biological systems. In the present stuey were
interested to grow the medicinally important aspdiug crystal doping with the phosphoric acid bper diffusion
method. But in this method, pure aspirin crystadsenobtained. However the grown crystal shows tinase effect
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of phosphoric acid. The grown crystal is charazesti by the powder XRD, FT-IR, FT-Raman, UV-Visible
spectroscopy, SEM, EDAX and melting point studies.

EXPERIMENTAL SECTION

Materials
The raw materials used for crystallization (Aspifthosphoric acid and Ethanol) were purchased trewrMerck
India Ltd, Mumbai.

Crystal growth by vapor diffusion method

In this work, we actually attempted to grow theiaspconformer of phosphoric acid by vapor diffusimmethod. It
will help us to study the behavior of aspirin malkcand its functional groups in the existencehefinorganic acid
(phosphoric acid) environment. The aspirin crystBkize about 5 mm was grown by using the vapdiusiibn

method. In this method, aspirin and phosphoric agde taken in the 1:1 stoichiometric ratio and/thee dissolved
in ethanol as a solvent in a small beaker (50 Til)s mixture is placed inside a larger beaker (@B0that contains
a small volume of a solvent system (water) in whioh sample is insoluble. The outer beaker wasdealapor
from the solvent of the inner beaker diffuses itfte solution in the outer beaker, without distugbthe vessel
causing the mixture to grow crystals. Since the maft evaporation of ethanol slow, good quality tais were
formed after 5 weeks. The arrangement of vapousidh method is illustrated in fig.1. The photodrapview of

the harvested colorless aspirin crystal is showfigin2. The molecular structure of aspirin crydsatiepicted in fig.
3.

Sealed with plastic cover

Inner beaker with dissolved sample

Outer beaker with insoluble solvent

Figure 1: Arrangement of vapor diffusion method

Figure 2: Photographic view of the harvested aspin crystal
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Figure 3: Molecular structure of aspirin crystal

RESULTS AND DISCUSSION

The aspirin crystal was grown in the phosphorid aoedium by the vapor diffusion method. The growystal is
characterized by the powder XRD, FT-IR, FT-Ramavi-\sible spectroscopy SEM, EDAX and melting point
studies.

Powder X—ray Diffraction Analysis

The powder X-ray diffraction study of aspirin ciglihe sample was carried out, using XPERT-PRO ¥-ra
diffractometer with Cu & (A = 1.54060 A) radiation. The X—ray powder diffractipattern for aspirin crystal is
shown in fig. 4. The sharp and well defined peakiciate the crystalline nature of the compound. @spacing and
26 value of aspirin grown in the medium of phosph@@id crystal is shown in Table 1which is companath
JCPDS values (JCPDS card No.50-78-2) of the pyigiagompound.
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Figure 4: Powder diffraction pattern of aspirin crystal
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Table 1: Powder XRD data of aspirin in the phosphac acid medium

Aspirin grown in the medium of phosphoric acid ( Pesent study) | Pure aspirin JCPDS file (5(-17¢&-2)

Position d-spacing Position d-spacng
[°26] Al [°26] (Al
15.4¢ 5.72 15.5¢ 5.6¢
18.07 4.91 18.1: 4.8¢
20.53 4.32 20.64 4.30
22.53 3.95 22.61 3.93
23.09 3.85 23.20 3.83
26.79 3.33 26.91 3.31
27.02 3.3C 27.0¢ 3.22
31.3¢ 2.8t 31.3¢ 2.88
32.50 2.76 32.73 2.74
36.16 2.48 36.07 2.49
41.85 2.16 41.85 2.16
43.98 2.06 43.51 2.05

The powder XRD data of title compound exactly matchvith the JCPDS values of the pure aspirin comg@ou
This results show that the doping of phosphorid &eis not taken place the aspirin drug compound.cfystalline
size of the sub-micrometer particle is determingdding the Debye-Scherrer equation in powder Xeliffyaction.

The Debye-Scherrer equation can be written 3% = B Cozt

Where,
D = crystallite size
K= dimensionless shape factor (0.94)
J = wavelength of X-ray radiation (Cud= 1.54060 A)
0 = diffraction angle
S= Full width at half maximum intensity

The average crystallite size of the aspirin crystébund to be as 54 nm by using the above redatio

Vibrational Analysis

The infrared spectroscopy and Raman spectroscopyyzas are employed here for the identification and
assignment of the various functional groups presetite titte compound. The FT—-IR spectrum of tepian crystal
was recorded using SHIMADZU FT—-IR spectrometeti@ tange 4000—400 ¢émThe sample for this measurement
was finely ground and mixed with KBr. The mixtur@svpressed under vacuum at very high pressuretéoncd
transparent disc, which yields good spectra. ThelRBpectrum of aspirin crystal is shown in figihe FT-Raman
spectrum of aspirin crystal was recorded over tege 4000-80 cihwith a resolution of 2 cfh using the
BRUKER RFS 27 FT-Raman spectrometer. The source insthis device was the Nd : YAG laser operated at
1064 nm with the incident power of 100 mW for eatiin. The FT—Raman spectrum of aspirin crystahiawn in
fig.6. The title compound has C=0 (acid), C=0 (Bst€-O (acid), C-O (ester), O-H, —gHbenzene ring and
HsPOsfunctional groups (fig.3). The detailed assignmerftabsorption bands/peaks observed in the FT-tRFR-
Raman spectrum of aspirin crystal grown in the agaemedium of phosphoric acid is shown in the T&bl&he
wavenumber assignments of aspirin and phosphoidcase available on the earlier documented litemafi2-14].

C=0 Vibrations

Aromatic acids have a strong band at 570-545afue to the rocking vibrations of the €Q\lso the bending
vibrations occur at 620-610¢hfor this mode [15]. In this present work, the mediintensity bands observed at
563, 542critand 551 cnt in the IR and Raman spectra respectively are msditp CQ rocking vibration and also
the bending vibrations for GQroup disappear in both spectra of the title ctysthe two C=0 peaks should be
expected for the aspirin crystal between the re@B00—1680 cr, one occurring at a slightly higher frequency due
to ester type C=0 vibrations and the other at #iidbwer frequency due to the acid type C=0 vilmat[16]. In
the present work, the acid C=0 stretching modespfrim is observed at 1690¢rand 1694 ciin FT-IR and FT—
Raman spectra respectively for this mode. Alsostinetching of ester C=0 group is identified asrargl band at
1757 cnmitin the IR and as a medium band at 1751* imthe Raman of aspirin crystal.
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Figure 5:FT-IR spectrum of aspirin crystal

C-O Vibrations

The C-O stretching of carboxylic acid appears tiearegion 1320-1210 chin the spectra [15, 16]. In the present
study, the C-O stretching of carboxylic acid isnitiied due to the bands at 1306, 1219'cim the IR and 1293,
1223 cnt'in the Raman spectra for the crystal of aspirire Th-O stretching has the bands near 1095 amd 1016
cm! for ester group [15]. In the present study thetshing modes of C—-O ester group are identifietiogR, 1011
cm?in IR spectrum and also, the corresponding Ranaan ks identified at 1014 chior this mode.
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Figure 6:FT-Raman spectrum of aspirin crystal
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O-H Vibrations

The O-H stretch vibration from CO-OH group is oksdr at 3100-2800 cfil6].In the present study, these
wavenumbers are observed at 3080, 2999 ienthe FT—-IR and 3092, 3077, 3023, 2992, 294idmthe FT—
Raman spectra for aspirin crystal. The O—H in plané out of plane bending wavenumbers normally ootthe
region between 1440-1395 ¢rand 960—875 cihrespectively[16, 17]. In the present study, crysfaaspirin has
strong bands at 1418 érand 918 criin the FT—IR spectrum which is attributed to O—tplane and out—of—plane
deformation modes respectively. The broad bandecedtaround3000 cthsupports the presence of hydrogen
bonding network in the title crystal.

Table 2: Observed wavenumbers and their assignmentsr aspirin crystal in FT-IR and FT-Raman spectra

(';)1; cnlqu) F-[l_) /E;T)an Assignment
- 3092(m) v C—H
3080 (s, br) 3077(vvs) v C-HYC-OH
- 3023(w) v C—H;uC-0OH
2999 (s, br) 2992 (w) Ua: —CHg; UC-OH
- 2941 (s) Ugs —CHs; UC-OH
2833 (s, br) — Us—CHs; UC-OH
2696 (m) -
2587 (m —
2599 §m§ 2600 (W) L P-O-H
2546 (m) -
1757 (vvs) 1751 (m) v C=0 (ester)
1690 (vvs) 1694 (w) v C=0 (acid)
1605 (m) 1606 (m) v C=C
1576 (w) 1576 (w) v C-C
1518 (m) - v C=C
1483 (w) 1483 (w) 3a—CHs
1418 (s) - $ O-H
1369 (m) 1367 (w) 3—CHs
1306 (vs) 1293 (m) v C-0 (acid)
1256 (m) - B P-O—-H
1219 (s) 1223 (w) B C—H;u C-0O (acid)p P =O
1186 (vvs) 1191 (s) B C-H
- 1154 (m) $ C-H
1092 (m) — B C—H;u C-0O (ester)
1038 (w) 1045 (m) B C—H; Ring breathing
1011 (m) 1014 (m) B C—H ;u C-O (ester)
970 (S) - Sas P(OH>
918 (s) - y O-H
884 (sh) - ds P(OH)
839 (m) 837 (w) y C—H;v P-OH
799 (m) 785 (m) y C-H
754 (m) 751 (m) y C-H
704 (m) 705 (m) y C-H
563 (m) 551(m) p CO,
542 (m) - p CO

s— strong; vvs- very very strong; vs- very stramg: medium; w—weak; vw- very weak: sh— shouldestretching;
Us— sym. stretchinguas— asym. stretchingi— rocking;
y— out—of—plane bending:- in—plane bendingj.— asym. bendingjs— sym. bending

—CH3Group Vibrations

The —-CH stretching and deformation vibrations are moreless localized and give rise to good group
wavenumbers. In aliphatic compounds the antisymmeind symmetric —Cklistretching vibrations absorb near
2960 cnt and 2870 crl respectively. Additional —Cbands are also seen near 2934"amd 2912 cri in some
compounds [18]. These predictions hold well in pnesent study. The absorption band at 2999ioniR spectrum

is attributed to antisymmetric —GHtretching vibration. The same mode is observe?l982 cn in the Raman
spectrum of crystal. Similarly the correspondingnsyetric stretching mode of —GHyjroup is observed as strong
bands at 2833 cin IR spectrum of aspirin crystal and there isaominterpart in the Raman spectrum for this
mode. The antisymmetric and symmetric deformati@mu@s of —CH group absorb nearly at 1465 ¢rand 1378
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cm® respectively [15]. In the present study, the baai$483 cnt, 1369 cnt and 1483 cm, 1367cnT in IR and
Raman spectra respectively are attributed to antisgtric and symmetric deformation modes of-@rbup.

Benzenering vibrations

The aromatic C—H stretching bands appear in thieme100-3000 cit[19-23]. In the present study the observed
bands at 3080 cm(IR)and 3092, 3077, 3023 ¢hin the Raman spectra respectively are assignee-tbsiretching
mode of aspirin crystal. The ring breathing modeddho substituted benzene ring is normally obsérat 1040
cm™[15]. In the present study this mode is exactlyesbed at 1038 and 1044 &in the IR and Raman spectra
respectively. The C—-H out—of—plang) @nd in-plane bending) occurs at 900 — 690 ctand 1250-1000 crn
respectively [18-20]. The wavenumbers at 839, 784, 704 crif in FT-IR spectrum and at 837,785, 751, 705 cm
in the Raman spectrum are identified asytff€—H) modes of aspirin crystal. The C-H in—plaeading ) modes
of pure aspirin occurs at 1219, 1186, 1092, 108811k’ in the IR spectrum and at 1223, 1191, 1154, 10854
cm® in the Raman spectrum. These modes agree well théthearlier reported values [19-23].The ring carbo
carbon (C=C) stretching vibration occurs nearlyha region 1600 and 1500 &rand is usually stronger [20, 21].
These vibrations occur as two or three bands irrdélgeon due to skeletal vibration. In the presentkythe C=C
modes are observed experimentally as medium bant0&, 1518 cmin FT-IR and at 1606 cmin FT-Raman
spectrum for the title crystal. In the case of sitlted benzene, the C—C stretching mode vibratfmosluce the
bands at 1620-1565 cwith the groups [22, 23]. In the present compotihd,bands at 1576 ¢hin both spectra
are assigned to C—C stretching vibration.

H3PO, Vibrations

Since the title crystal of aspirin has been growmhie aqueous phosphoric acid medium, in additoaspirin the
vibrational wavenumbers corresponding to phosphamid functional groups were observed. This magieto the
presence of phosphoric acid traces on the surfatte @rystal. These traces on the surface layersesponsible for
the appearance of band due $BBy.The stretching vibrations of P=0O generally giveerto strong band in the
region 1320 — 1140 chi24, 25]. In the present work, this mode is attrézlaround 1219 ctin the IR and Raman
spectra. This line is also found at1223imthe Raman spectrum of the title compound. ThesBetching of P-O-
H group is identified between the regions 2700@%$5'[24, 25].The bands identified at 2696, 2599, 26ABand

at 2600 cnt in IR and Raman spectra are assigned to the PsBeithing mode for this title compound. The in-
plane deformation vibrations of P-O-H may appeahimregion 1300-1200¢H25].The observed shoulder band at
1256¢cmtin the IR is assigned to this mode of vibrationeThands at 970 and 884 ¢im the IR spectrum are
assigned to the antisymmetric and symmetric stimegchnode of P(OH)group respectively. The P-OH stretching
mode has a strong band in the region 1040-81{®%h This mode is identified at 839¢hand 837 cnlin the IR
and Raman spectra respectively. The above wavenuagsgnments agree well with the previously piigds
literatures [24, 25].The above wavenumber assigtsnaiggest the presence of phosphoric acid as imatecules
over the surface of the aspirin crystal.

UV-Visible Spectroscopy Analysis

The optical absorption spectra of aspirin crystaven been recorded with SHIMADZU-UV 1800 double beam
spectrometer. Transmittance and absorbance datobkserved for the crystals in the wavelength rargife-1100
nm insteps of 1nm. The slit width chosen was 0.2 fihe wavelength rate was in fast mode. The olsevalues

of absorbance were recorded and stored in the nyeaia computer and plotted. The absorption spettoé the
aspirin crystal is shown in fig.7. This spectrurdigates that it is transparent for the entire Visilegion and the
transparency extends through the IR region up @® tin.

From the absorption spectra, the crystal showsa gransmittance in the entire visible region. Aodoptical
transmittance from ultraviolet to infrared regios Very useful for optical applications. The lowent-eff
wavelength is found to be 315 nm for aspirin crysthe spectrum further indicates that the crykts wide optical
window from 315 nm to 1100 nm. This makes the uUsefis of this material for opto-electronic and tioear
applications. This study reveals that the growrstardyis optically transparent throughout the entisible range.The
energy gap valuegfeould be determined by analyzing the optical aéth optical absorption coefficient and the
photon energy husing Tauc’s relation [26]abv)’ = A(hv- E;).The optical band gap was evaluated by plotting
(ahv) ?vs. hv as shown in fig. 8 and extrapolating the lineatipn of absorption edgekv) “the photon energy axis
gives the optical band gap of the crystal [27].
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Figure7: Absorbance spectrum of aspirin crystal
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Figure 8: Variation of photon energy (hv) with (ahv)?

The optical band gap value of the grown crystaloisnd to be as 4.3 eV from the fig. 8. This largend gap
indicates that the title compound is a typical eliédic material.
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SEM Analysis
The SEM analysis was employed here to identifysiindace morphology of the aspirin crystal. The talywas cut
into few mm sizes for observing the surface morpgpl The SEM images of the aspirin crystal are showfig. 9.

EHT =10.00kV  Signal A = SE1 Date :29 Dec 2015 EHT=2000kv  Signal A=SE1 Date :28 Dec 2015
WD=125mm Mag= 1.00KX Time :16:36:26 = =) H WD=126mm  Mag= 500KX Time :15:43:31 P =

Figure9: SEM images of aspirin crystal with 1 KX ard 5 KX magnifications

The SEM analysis gives insight into the surfaceuiess of the crystal under various magnificatidhsias observed
that the surface of the crystal is smooth and thallscrystallites were found on the surfaces. AtxXimagnification
the surface was smooth and at 5 Kx magnificatitims,rod like morphology is found on the surfacetd title
compound.

EDAX analysis

Energy dispersive X-ray analysis (EDAX) used injoaction with all types of electron microscope th@xome an
important tool for characterizing the elements en¢sn the crystals.

50 cps

400 500 600 700
channel

Figure 10: EDAX spectrum of aspirin crystal

In the present study, the elemental analysis a@rawn crystal has been done by EDAX in binding ggeegion
within 0 to 15 KeV. The EDAX pattern of the aspidrystal is shown in fig.10. The atomic percentafipresent
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element C, O, and P was found to be, 6.14, 30.421at3 percent respectively. This study detectsettpected
elements present in the title compound. The presef® with 1.13 % indicates that the phosphorid aas not at
all doped with aspirin and it is due to the pregeoicHPO, molecules on the surface of the aspirin crystatace.

Melting Point Analysis

The melting point of the aspirin crystal is detarad by using the capillary tube method. Sometirtteés,study is
used to differentiate the pure sample from its cofer and complex form. Pure sample of aspirin uglave sharp
melting point (135C) and the HPQ, mediated crystal compound melts at a temperat®2). The melting points
of the aspirin and as grown crystal in the phosighacid medium are coinciding with each other which depicted
in Table 3.

Table 3:Melting point of aspirin and aspirin grown in the phosphoric acid medium

Compound name Melting point ¢C)
Aspirin 135
Aspirin grown in phosphoric acid 132
Phosphoric acid 42.35

These melting point measurements confirm the fdomabf the aspirin crystal in the aqueous medium of
phosphoric acid.

CONCLUSION

Aspirin crystals of considerable size were growrthie phosphoric acid aqueous medium by the vagd@usgin
method. The crystal is investigated by employing powder XRD, FT-IR, FT-Raman, UV- Visible specataysy,
SEM, EDAX and melting point studies to confirm toemation of aspirin crystal. The powder XRD stuafythe
title crystal reveals the X-ray diffraction peaksaetly matches with the JCPDS values of pure aspnystal. The
FT-IR and FT-Raman spectra bands also confirmrijysat of aspirin. The additional peaks due to jpihasic acid
functional groups are due to the presence of ptwsphcid traces on the surface of the aspirintaty$rom the
UV- Visible absorption spectrum, the band gap vailfithe grown crystal is found to be as 4.3 eV. Fheface
morphology was also studied by SEM analysis. Thesgmces of expected elements are identified frenEMDAX
analysis. Very small percentage of the elementiRates that the phosphoric acid is not doped asthirin and it is
due to its surface effect. The melting point analydso helps to identify the aspirin crystal. &le above studies
confirm that the grown crystal is pure aspirintie agueous medium of phosphoric acid by vapor sliffumethod.
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