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ABSTRACT

Another name of 4-acetamidophenol is popularly kna® the paracetamol. It was considered as onbefafest
and most frequently used analgesic and antipyrdtieg all over the world. This medicinal importantud
compound was grown by the single diffusion gel otkfor the first time to improve the quality of ttwystal. The
harvested crystals are analyzed by powder XRD, RTahd UV-Visible spectroscopy studies. The powdeb X
study confirms the crystallite compound of 4-acédaphenol by comparing 2and d-spacing values of the
compound with JCPDS values of the same compourel fufttional groups present in the molecule andrthe
wavenumber assignments were made in the FT-IR rgseclpy study. The optical band gap and the trarepey
of the grown crystals are found by using the-Wisible spectroscopy study.

Keywords: 4-acetamidophenol, single diffusion gel method, XRD+IR, UV-Visible spetroscopy.

INTRODUCTION

4-Acetamidophenol (Paracetamol) is used as onkeo$afest and most frequently used medicine iaralind the
world. It is consider as a mild painkiller and reds the temperature of patients with fever. Theierss are known
as analgesic and antipyretic respectively. Haedtamidophendk also used to manage the post-surgicalcamder
pain [1-3].However; it had a serious side effeebining the deactivation of some of the hemoglobimed blood
cells. Ingestion of paracetamol in young childreayncause asthma, eczema, and allergic rhinitisaity dife of

some children [4-6].This pharmaceutical compound-eficetamidophenol has three polymorphisms [7,h&s€
are stable monoclinic (Form ), meta stable ortbarhic (Form Il) and unstable Form Il (not yet cheterized).
Most of the paracetamol drug samples belong to mlornio form which is the most stable polymorph [8]any

authors report the preparation of single paracedtamystals by the solvent evaporation technique [T} with a
seed. The crystal structure of paracetamol has seetied by many researchers [12, 13].In this pres@rk, the
crystals of 4—acetamidophenol was grown by thelsidgfusion gel method. The crystals are grownhwit3—-5

weeks in this method. The harvested crystals wiagacterized by the single crystal XRD, Powder XRD+ IR,

UV-Visible spectroscopy studies.

MATERIALS ANDMETHODS
Materials

The materials used for this crystallization are getamidophenol (98 % Alfa Aesar) was purchased fdolmson
Matthey company and sodium silicate, ethanol,iaeetd (99. 5 %) were purchased from the MercHjdn
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Single Diffusion Gel Method

The title compound was crystallized by the singfeudion gel method. At first the Silica gel wasated by mixing
an aqueous solution of 1 M sodium meta silicaté i acetic acid. These solutions are stirred oowtiisly by the
magnetic stirrer to avoid the pre local gel forratiThen the mixture was transferred into thetigse¢ of length 15
cm and 3 cm diameter. The mouth of the test tube aeaered by the cork to keep the solution freenfdust and
impurities. The gel was set within the 2 or 3 dawsl leaves it for another 24 hours for aging. Ttienaqueous
ethanol solution of 4acetamidophendLM) was poured slowly over the set gel withowgtaibance. The colorless
crystals were appeared within the two days in #lengedium which are harvested after 3-5weeks arshadwith
the distilled water. The crystals were collected afried crystals were stored in the clean contaiffdre
photographic view of the grown crystals is showfiignl. The optimum conditions used in the crygpawth of this
method are given in Table 1.

Figure 1: Photographic view of 4-acetamidophenol gistals

Table 1: The optimum conditions for grown crystalsof 4-acetamidophenol

Parameters Optimum conditions
Density of sodium meta silice 1.06 glcr®
Concentration of acetic ac 1M
Concentration of 4-acetamidophenjol 1M
pH of the gel 4.8
Gel setting period 2 days
Gel aging 24 hours
Period of growth 3-5 weeks
Temperature Room temperature

RESULTS AND DISCUSSION

Characterization

The title compound of 4-acetamidophenol was analymethe powder XRD, FT-IR and UV-Visible spectragg
studies. The powder X-ray diffraction of the crilsta sample was carried out, using XPERT-PRO X-ray
diffractometer with Cu I& (A = 1.54060 A) radiation. The FT-IR spectrum of #anple was recorded by using
SHIMADZU FT-IR Spectrometer in the range 4000-46@@'cThe sample for this measurement was finally gdoun
and mixed with KBr. The mixture was pressed undmsuum at very high pressure to obtain a transpatisot
which yield good spectra. The optical transmittaand absorbance spectrum of grown crystal has teserded
with SHIMADZU-UV1800, double beam spectrometer. M3mittance and absorbance data were observedéor th
titte compound in the wavelength range 200-1100 insteps of 1nm. The slit width chosen was 1 nm. The
wavelength rate was in medium mode. The obserakees of absorbance were recorded and stored iméneory

of a computer and plotted.

Powder XRD Analyzes

The X-ray powder diffraction patterns were collecter 4-acetamidophenol compound using a XPERT-RRO
ray diffractometer with Cu K (A = 1.54060 A) radiation. The XRD pattern of théetitompound is depicted in fig.
2. The B and d-spacing values of 4-acetamidophenol are showlable 2 which are compared with JCPDS
values (JCPDS card No.39503) of the same compound.The form | and fornolymorphs of 4-acetamidophenol
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can be distinguished by using this powder XRD stdthe monoclinic (form |) and orthorhombic (forn) trystal
systems of 4-acetamidophenol has the space gralip B&d Pbca respectively [14].
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Figure 2: Powder XRD pattern of4-acetamidophenol

Table 2: Powder XRD data of 4-acetamidophenol

Present Work JCPDS file (39-1503)
Position | d—spacing | Position | d-spacing (hkl)
[°20] [A] [°20] [A] i
12.0241 7.36068 12.124 7.30000 110
13.7664 6.43274 13.819 6.4080 101
15.4492 5.73565 15.529 5.7060 101
16.6462 5.32579 16.759 5.2900 111
18.1070 4.89930 18.208 4.8720 111
18.7276 4.73833 18.909 4.6930 020
20.3169 4.37111 20.430 4.3470 120
23.4317 3.79664 23.510 3.7840 121
24.3134 3.66091 24.392 3.6490 220
26.4789 3.36622 26.551 3.3570 311
27.1284 3.28709 27.186 3.2800 112
32.5044 2.75467 32.529 2.7530 230
36.8819 2.43715 36.945 2.4330 330

The powder XRD data of title compound is exactlinca@ing with the JCPDS values of the same compoiihe
cell parameter values of the 4-acetamidophenotalrgse tabulated in Table 3 which is taken from ICPDS file.

Table 3: Cell parameter values of 4-acetamidophenol

a=11.72 A

b=9.379 A

c=7.106 A

a=90

$=97.472

vy=90

space group=Rh

crystal system= Monoclinig
vV =774.89 R

Density =1.296 g/ cfn
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The XRD diffraction results indicate that the groaenystal of 4-acetamidophenol by the gel method tas stable
polymorph form | of monoclinic. The molecular sttue of 4—acetamidophenolis depicted in fig. 3.
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Figure 3: Molecular structure of 4-acetamidophenol

FT-IR Spectroscopy Analyzes

The 4-acetamidophenol molecule containing the tfwedamental functional groups that is, benzeng, ramide
(HN-CO-CHj3) andhydroxyl (O—H) groups.The experimentaHR spectrum of title compound is shown in fig. 4.
The detailed wavenumber assignment in FT-IR specti4-acetamidophenol is given in Table 4.
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Figure 4: FT-IR spectrum of 4-acetamidophenol

Aromatic Ring Vibrations

The most of the €H stretching bonds of aromatic compounds haventiared peaks in the regi®8080-3010 cm
Y15]. Accordingly, the symmetric stretching vibaii of the C—-H group is assigned at 30507"cin FT-IR
spectrum of the title compound. Thel€ in plane bending vibrations usually occurs ig tegion 1430-990 cth
[15]. In this study, the FT-IR peaks at 1370, 132854, 1227, 1171, 1107 and 1015 @re assigned to C-H
in—plane—bending of C-H groufghe aromatic out-of-plane-&1 bending absorption bands octigtween 906690
cm* regions [15]. In the present study, the peaks & 884and 718 citin FT-IR confirm the C—H out of plane
bending vibrations. The C=C ring stretching modesabserved between the region 165830 cn[16].This C=C
aromatic stretching vibrations are noted for ttie tompound at 1612, 1564, 1508, 1439°dmFT-IR spectrum.
The expected range of C-C vibration is between #4800 cm'[16].In the present work, it is assigned at 1439,
1370 and 1325 cih These EC stretching vibrations are coupled with skeletad) (C=C) and in—plane bending
C-H vibrations. The ring breathing mode is idertifiat 966 ¢ in the IR spectrum of the title compound.

Amide Group Vibrations

The amide N—H stretching band is observed at 332®3-2m* and the bending of N-H group appears at 1560—
1530 cm®.Abroad N-H wagging band also appears at 750—-65¢ th.The N-H stretching and bending modes of
amide group of 4acetamidophenol are identified as the sharp ietgesks at 3325 ¢hand 1564 cilin the IR
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spectrum. These wavenumbers are deviated fromxjhected range is due to the presence of othertiobsasuch
as (C=0) and —Cklvibrations as shown in molecular structure of £tamidophenol (fig. 3).The N-H wagging
mode is observed at 718, 685 tin the IR spectrum. Also the-@l stretching vibration of secondary aromatic
amide absorb strongly at 1342-1320 and 1315-1258ionthe IR spectrum [16]. The title compound absatie
bands at 1325 ciland 1254 cm in the FFIR spectrunfor C-N stretching vibrational mode.

Table 4: Observed wavenumbers in FT—IR spectrum antheir assignments for 4-acetamidophenol

Wavenumber

FT-IR (9 / cm?)
3325 (s) v N-H
3163 (br) vO-H
3050 (w) v C-H
2950 (w) va—CHs
2880 (m) vs«—CHs
1655 (s) v C=0
1612 (m) vC=C
1564 (s) v C=C +5 N-H
1508 (s) vC=C
1439 (s) v C-C+3 O-H
1370 (m) v C-C# C-H
1325 (w) vC-C+vC-N
1254 (m) vC-C+vC-N
1227 (m) vC-C
1171 (w) v C-C+p—CH;
1107 (w) vC-C
1015 (w) vC-C

Assignment

966 (s) Ring breathing
950 (sh) vy O-H

837 (s) y C-H

804 (m) yC-H

718 (w) y C—H+o N-H
685 (s) y C-H +o N-H

w-weak; s— strong; m— medium; sh— shouldeistretching;
Us— sym. stretchingyas— asym. stretchingi— rocking;

y— out-of—plane bending:- in—plane bending;
J—bending;w— wagging

In methyl group (—CH), the C—H stretching mode has lower wavenumban thase of aromatic ring (3100-3000
cm?). Moreover, the antisymmetric stretch is usualbserved at higher wavenumber side than the symmmetri
stretch. In this present work, the —gCldlymmetric stretching frequency is assigned at 2880, whereas the
antisymmetric stretching mode are assigned at 2980 in the FT-IR spectrum of 4-acetamidophenol. The
deformation of —~CH group is usually observed in the range HBMO cm' for methyl substituted aromatic rings
[18]. Accordingly, the peaks at 1439 ¢rim FT-IR is assigned to —GHin-plane bending deformation vibrations
and the peaks at 1171 ¢nFT-IR) is assigned to —Cifocking modes for the title compound. The C=0 striety
vibration is assigned in the literature as a verprg band at 1661 ctin FT-IR spectrum [19]. The C=0
stretching mode of the title compound is found@&SL.cm'in the FT-IR spectrum.

Hydroxyl Group Vibrations

The free —OH group of phenol absorbs a band at 38ti5vhile the associated ~OH group has a stretching
wavenumber in the range 3250-32007¢h8, 20]. In the present work, the broad bands p@tu3163 crt is
attributed to the O-H stretching mode of the titempound. The O-H in— plane and out— of —plane ingnd
wavenumber normally occurs in the region betwee#014395 crit and 960—-875 crhrespectively [21]. In the
present study, bands at 1439tand 950 cnitin the FFIR spectrum is assigned to the O—H in plane andbbut
plane bending wavenumber respectively.

Ultraviolet Visible Spectroscopy Analyzes

The UV-Visible spectroscopy analyzes is one of thest frequently employed techniques to analyze the
pharmaceutical compound. The absorbance spectrudradetamidophenois shown in fig. 5. The maximum
absorbance wavelength,.{,) for 4—-acetamidophenol crystal is found to be 48 2Zim and the lower cut—off
wavelength is observed at 302 nm.
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From the absorbance spectrum the crystal showgdbd transmittance in the entire range of visilelgion. The
band gap of the crystal was estimated by usinddif@ving the relation [22].

_1.243 % 103

g
Amax

The band gap value of the crystal was found tos®.@1 eV. The high value of band gap indicatesttimgrown
crystal may be act as a typical of dielectric mater
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Figure 5: Absorption spectrum of 4-acetamidophenol
CONCLUSION

The single crystals of 4-acetamidophenol were groywmsing the gel method. The harvested coloriessparent
crystals were carried out to the powder XRD, FTatlRl UV-Visible spectroscopy studies. The powder X&Rily
confirms the formation of 4-acetamidophenol crygtahe stable monoclinic form I. The monoclinicymorph of
4-acetamidophenol was also one time confirmed leyRM—-IR spectroscopy study by analyze the wavenumbe
assignment of functional groups present in the tibmpound. The UV-Visible spectroscopy study resvéae
grown crystal may be under the typical of dielectriaterial. It was confirmed from the lower cut—wffvelength
(302 nm) and the high value of band gap(5.01 e\)-aEetamidophenol pharmaceutical compound.
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