Journal of Scientific and Technical Research
8 (2), December 2018, 30-35
http://www.publishingindia.com/jstr

Solid State Green Synthesis and Properties
on Paracetamol-Phenobarbital Binary
Drug System

H. Shekhar* and Raj Laxmi
Department of Chemistry, V.K.S. University, Ara, Bihar, India.
*Corresponding author: hshe2503@rediffmail.com

Abstract: Molecular interaction between nonsteroidal anti-
inflammatory drug (NSAID)/analgesic/antipyretic drug and
antiepileptic drug was studied taking views effectiveness
and enhanced pharmaceutical properties. The objective of
the present communication is to highlight thermodynamic
and interfacial investigation of paracetamol (PCM) and
phenobarbital (PB) binary drugs. The value of integral
excess Gibbs energy gE in the PCM-PB system shows the
positive deviation from ideal behaviour. It refers stronger
association between the molecules of same drug during
formation of binary mix. The negative value of Gibbs free
energy of mixing (AGM) suggests the mixing of parent drug
in eutectic and non eutectic binary drug is spontaneous. The
interfacial property of binary drugs has been determined by
the help of interfacial energy (¢) and roughness parameter
(a). The size of critical nucleus of binary drug at different
undercoolings was in nano size is substantiated its great
future for pharmaceutical industries.

Keywords: Binary drug, Critical radius, Excess and mixing
thermodynamic function, Interfacial energy.

1. INTRODUCTION

The current development for Pharmaceutical drugs dosage
tenders the pre-formulation designing [1-4] new drugs. The
hydrophilic excipient strengthens the solubility of less soluble
drugs and promotes the bioavailability and the therapeutic
efficacy of drugs. Further, the binary product of excipient and
drug would get sublimated quality and having high formulation
properties such as the solubility, odor and taste of the drug.
The past studies on drug association has not shown better
performance with compare to generic drugs (e.g. powders,
tablets and capsules). Paracetamol (PCM) belongs to NSAID
(Non-Steroidal Anti-inflammatory Drugs) drugs [5-8] family
which are used as pain and fever reliever. Past researches on
binary drug products [9-11] prepared by PCM with Ascorbic
acid and Citric acid had been highlighted and seen enhanced
properties of paracetamol in powder form as well as in

solution. Keeping in view for minimizing overall side effect,
Phenobarbital has been used in the treatment of epilepsy [12-
16] and treat seizures in young children. It is also injected into a
muscle and vein by mouth. The injection is given to treat status
epilepticus. It is sometimes used to treat sleeplessness
and anxiety. Its effect looks within five minutes when using
injection and half an hour in case of orally taken and last upto
two days. The present PCM-PB binary system has been taken a
detailed investigation for thermodynamic and interfacial studies
with concern to partial and integral thermodynamic quantities,
interfacial energy, driving force of solidification, nanosize of
critical radius and interfacial roughness.

II. EXPERIMENTAL DETAIL

Different ratios of drug (PCM) and excipient (PB) taken in
test tube were heated and chilled in ice and made samples.
The melting temperatures of solid dispersions of samples were
determined using a precised apparatus. The enthalpy of fusion
[17] of Paracetamol and Phenobarbital was determined by DTA
method.

III. ResuLts AND DiscussioN

A. Solid-Liquid Equilibrium Study

The melting point of PCM (MP.-168.7 °C) decreases on the
addition of second component PB (M.P. - 174 °C). In Table I
equilibrium data of solid dispersions of PCM-PB system have
been mentionedand the binary drug system shows the formation
of an eutectic (E) [18] and non-eutectics solid dispersion (Al-
A14). The heat of fusion value for binary solid dispersions and
eutectic has been presented in Table 1. The activity coefficient
and activity of components data for the present system has been
determined [19] from the equation:

—Inyiyi = % (l — i) (1

Te T;
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where, AH; is the heat of fusion of component i at melting
point T;. T, is the melting temperature of solid dispersion.
These values are very helpful in measuring the thermodynamic
mixing and excess quantities.

B. Mixing and Excess Functions

The value of thermodynamic mixing functions; molar free
energy (AGM), molar entropy (AS™) and molar enthalpy (AHM)
of the binary solid dispersions were determined by equations:

AGM = RT(ypcn Inapey + 7pB Inapp) )
ASM = R(xpcm Inxpem + %pB InxpR) 3)
AHM = RT(ypcp Inypen + 7pB InvpR) )

and partial molar free energy of thermodynamic mixing
function, G*iM or mixing chemical potential (u*iM) has been
determined by the equation:

G M=y M=RT Ina; (5)

The negative value [20] of molar free energy of mixing of solid
dispersions shown in Table I suggests that the mixing in all cases
takes place spontaneous. The integral excess thermodynamic
functions in form of as integral excess integral free energy (gE),
excess integral entropy (sE) and excess integral enthalpy (hE)
were determined using the equations:

2" =RT (xpcm Invpem + 7pB InvpB) (6)

3 Iny pey

oT

olnyPB
+ xppT (syT )(7)

®)

SE=_R <ZPCM Inypcy + xpB Inypp + 2pcm T

Slny SlnyPB
h®=RT | 15¢ M+ 4PB
(X PCM T o X ST J
The partial excess function (gi_E) or excess chemical potential
(pi_E) is determined by equation:

gM= =M =RTIny; )

Table III forwards there is stronger interaction [21,22] between
like molecules in entire binary dispersions.

C. The Solid-Liquid Interfacial Energy(c)

The interfacial energy of binary solid dispersions calculated
from melting enthalpy change [23] was determined by using
Turnbull empirical relationship [24]:

_ CAH
c = (N)1/3 v )2/3

where, the coefficient Clies between 0.33 to 0.35 for nonmetallic
system, N is the Avogadro’s constant and V,,, is molar volume.
The value of o for binary dispersions and parent components
is mentioned in Table I which were in good agreement with
the observed experimental values. In addition ¢ value was

(10)

evaluated using the equation:
TV _ o (11)
AH — AS,

where, r is the is the radius grooves of interface and AT is the
dispersion in equilibrium temperature. The value (Table I) of t
was also determined by the help of Gunduz and Hunt numerical
method [25] for materials having grain boundary shape. The
Gibbs-Thomson coefficient for PCM, PB and their solid
dispersions are found in the range of 8.33 - 10.006 x 10-06
Km. The value of interfacial grain boundary energy (c4,) was
obtained by using equation [26]:

Oy =26 cos (12)

T =1AT=

6 has been found at zero contact angle. The value of 6, for pure
components and all solid dispersions are reported in Table 1.

D. The Driving Force of Nucleation (AG )

The effective entropy change per unit volume (ASV) is given
by:

asy=2H 1 (13)
T 'V

The value of ASy, are given in Table I decides the degree and
orientation of ASy. The stepwise/non-uniform surface leads at
low driving force while continuous/uniform surface advances
at sufficiently high driving force. The AGV can be determined at
different undercoolings (AT) by the equation [27] below.

AGy = ASy AT (14)

The value of AGy for each solid dispersions and pure
components has been reported in the Table IV.

E. The Critical Radius (r*)

The critical size nucleus with radius r* during nucleation was
determined by the equation [28] mentioned below.
«_ 2 26T
= —= (15)
AG, AH AT
The value of r* mentioned in Table V decreases with increase
of undercooling and lies in nano range. The activation/critical
free energy of nucleation (AG*) is determined by the equation
mentioned below [29].
léza’
AG* = 16
3AG; (16)
The value of AG* for all the products was given in Table VI.

F. Interface Morphology

During phase transformation the prediction of growth
morphology of solid-liquid interface has been made from the
value of the entropy of fusion and Jackson roughness parameter
[30] as mentioned below.

MM As
G—QRT—ER a17)
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The value of lies 0 < & < 1. The value of a given in Table I
suggests the leading of the faceted growth [31] in the entire
solid dispersions.

I'V. CoNcCLUSION

The equilibrium phase diagram of PCM-PB system forms
an eutectic solid dispersion. The negative value of AGM and
positive value of gE for entire solid dispersions confirm the
spontaneous mixing in all cases and there is stronger interaction
between like molecules in binary dispersions. Faceted growth
appearance has been predicted during the development of
growth interface of binary product.
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TABLE I: PHASE COMPOSITION, MELTING TEMPERATURE, VALUES OF ENTROPY OF FusioN PEr UNIT VoLUME (ASy;), HEaT oF Fusion (AH),
INTERFACIAL ENERGY (6), GRAIN BOUNDARY ENERGY (0,,), GIBBS-THOMSON COEFFICIENT (T) AND ROUGHNESS PARAMETER (01)

Alloy Xpcur MpP AH AS (J/ a 0x10° | 6,x10° | AS, (kJ/ | AH, x10°
(J/mol) | mol/K) (J/m’) (J/m’) m’/K) Km
Al 0.1 163 27730 | 63.600 | 7.649 | 36.175 | 72252 | 383316 | 167.126 | 9.439
A2 0.15 160 27695 | 63.960 | 7.693 | 36.685 | 73370 | 392.411 | 169.914 | 9.348
A3 0.20 157 27660 | 64.325 | 7.736 | 37.195 | 74.490 | 401.874 | 172.806 | 9.255
A4 0.25 154 27625 | 64.695 | 7.781 | 37.705 | 75.410 | 411.730 | 175.809 | 9.157
A5 0.30 150 27590 | 65234 | 7.846 | 38215 | 76.430 | 422.938 | 178.903 | 9.035
E 0.45 140 27485 | 66.549 | 8.004 | 39.745 | 79.490 | 457.794 | 189.069 | 8.681
A6 0.50 144 27450 | 65.827 | 7917 | 40255 | 80.510 | 462.194 | 192.735 | 8.709
A7 0.55 148 27415 | 65.118 | 7.832 | 40.765 | 81.530 | 466.885 | 196.559 | 8.731
A8 0.60 152 27380 | 64.423 | 7.748 | 41275 | 82.550 | 471.889 | 200.553 | 8.746
A9 0.65 155 27345 | 63.890 | 7.684 | 41.785 | 83.570 | 478334 | 204.727 | 8.735
A10 0.70 157 27310 | 63.511 | 7.639 | 42295 | 84.590 | 486.265 | 209.094 | 8.697
All 0.75 162 27275 | 62.701 | 7.541 | 42.805 | 85.60 | 491.190 | 213.668 | 8.714
Al12 0.85 167 27205 | 61.829 | 7.436 | 43.825 | 87.650 | 507.947 | 223.497 | 8.627
Al3 0.87 168 27191 | 61.657 | 7.416 | 44.029 | 88.058 | 511.523 | 225582 | 8.607
Al4 0.92 171 27156 | 61.162 | 7.356 | 44.539 | 89.078 | 520.227 | 230.981 | 8.561
PCM 168.7 | 27100 | 61353 | 7379 | 45356 | 90.712 | 543.853 | 240.220 | 8.339
PB 174 27800 | 62.192 | 7.480 | 36.175 | 70350 | 361.498 | 161.842 | 10.006
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TaBLE II: PARTIAL AND INTEGRAL MissING OF GiBBs FReE ENErGY (AG™), EnTHALPY (AHM) AND ENTROPY (ASM) OF PCM-PB SYSTEM

Alloy | AGpey™ | AGpg™ AGM | AHpey™ | AHpp™ AH™M | ASpey™ | ASpp ™ AS™M
J/mol J/mol J/mol J/mol J/mol J/mol J/mol/k J/mol/k J/mol/k

Al -360.677 | -680.031 | -648.095 | 7985.663 | -297.242 531.048 19.143 0.875 2.701
A2 -548.274 | -869.390 | -821.226 | 6281.933 | -280.797 703.612 15.772 1.351 3.514
A3 -734.666 | -1053.20 | -989.493 | 5019.328 | -253.826 800.804 13.380 1.855 4.160
A4 -920.890 | -1236.847 | -1157.857 | 4000.937 | -213.004 840.481 11.525 2.391 4.674
A5 -1171.101 | -1479,175 | -1386.752 | 3063.151 | -225.076 | 761.392 10.009 2.965 5.078
E -2352.415 | -2090.425 | -2208.320 | 954.563 -37.770 408.779 6.638 4.970 5.720
A6 -1536.200 | -1846.837 | -1691.518 | 866.734 558.177 712.455 5.762 5.762 5.762
A7 -1289.121 | -1599.588 | -1428.831 | 805.044 1197.066 | 981.453 4.970 6.638 5.720
A8 -1039.187 | -1352.251 | -1164.412 | 766.758 1886.862 | 1214.799 4.247 7.618 5.595
A9 -851.523 | -1163.950 | -960.872 683.211 | 2572.717 | 1344.538 3.581 8.728 5.382
Al0 -725.729 | -1041.045 | -820.323 550.553 | 3263.993 | 1364.585 2.965 10.009 5.078
All -417.354 | -417.354 | -417.354 | 625.670 | 4278.428 | 1538.858 2.391 1.525 4.674
Al2 -108.647 | -428.736 | -156.660 | 486.535 | 6511.524 | 1390.283 1.351 5.772 3.514
Al3 -46.197 -367.747 -87.998 465.642 | 7112.959 | 1329.793 1.157 16.962 3.211
Al4 -124.400 | -180.879 | -128.918 | 446.661 9139.946 | 1142.123 0.693 20.998 2.317

TaBLE III: PARTIAL AND INTEGRAL ExCEss GiBBS FREE ENERGY (gE), EnthaLpy (h®) anD EnTROPY (5¥) OF PCM-PB SysTEM

Alloy | gper " Gpg* g° hpev ™ hpg h* Spcw Sps © s*
J/mol J/mol J/mol J/mol J/mol J/mol J/mol/k J/mol/k J/mol/k
Al 7985.663 | -297.242 | 531.048 | 130861.934 | -10239.314. | 3870.810 | 281.826 -22.802 7.660
A2 6281.933 | -280.797 | 703.612 | 76692.150 | -9461.348 | 3461.676 | 162.610 -21.202 6.369
A3 5019.328 | -253.826 800.804 49653.452 -8584.420 3063.154 103.800 -19.372 5.262
A4 4000.937 | -213.004 840.481 33531.338 -7588.208 2691.678 69.157 -17.272 4.335
A5 3063.151 | -225.076 | 761.392 | 22477.873 | -6548.335 | 2159.527 45.897 -14.948 3.305
E 954.563 -37.770 408.779 4413.444 -2016.127 877.179 8.735 -4.790 1.134
A6 866.734 558.177 712.455 1814.225 1114.254 1464.239 2.272 -1.333 0.469
A7 805.044 1197.066 981.453 307.595 4946.224 2394.978 1.181 8.905 1.656
A8 766.758 1886.862 | 1214.799 | -2071.317 9742.834 2654.343 -6.678 18.484 3.387
A9 683211 | 2572717 | 1344.538 | -3669.344 | 15702.045 | 3110.642 | -10.169 30.675 4.126
A10 550.553 | 3263.993 | 1364.585 | -5139.055 | 23427.821 | 3431.007 | -13.231 46.892 4.805
All 625.670 | 4278.428 | 1538.858 | -6123.745 | 35114.195 | 4185.740 | -15.515 70.886 6.085
Al2 486.535 6511.524 | 1390.283 -8163.520 79497.669 | 4985.658 -19.659 165.877 8.171
Al3 465.642 | 7112959 | 1329.793 | -8514.674 | 96576.718 | 5147.206 | -20.363 202.865 8.656
Al4 446.661 | 9139.946 | 1142.123 | -9284.871 | 177059.947 | 5622.714 | -21.917 378.198 10.092




Solid State Green Synthesis and Properties on Paracetamol-Phenobarbital Binary Drug System 35

TABLE I'V: VALUE oF AGy, DURING SOLIDIFICATION FOR PCM-PB SYSTEM OF DIFFERENT UNDERCOOLINGS (AT)

Alloy AGy, (Jem?)
AT 1.0 1.5 2.0 2.5 3.0 3.5
Al 0.383 0.574 0.766 0.957 1.149 1.340
A2 0.392 0.588 0.784 0.980 1.176 1.372
A3 0.402 0.603 0.804 1.005 1.206 1.407
A4 0.411 0.616 0.822 1.027 1.233 1.438
A5 0.423 0.634 0.846 1.057 1.269 1.480
E 0.457 0.685 0.914 1.142 1.371 1.599
A6 0.462 0.693 0.924 1.155 1.386 1.617
A7 0.467 0.700 0.934 1.167 1.401 1.634
A8 0.472 0.708 0.944 1.180 1.416 1.652
A9 0.478 0.717 0.956 1.195 1.434 1.673
Al10 0.486 0.729 0.972 1.215 1.458 1.701
All 0.491 0.736 0.982 1.227 1.473 1.718
Al2 0.508 0.762 1.016 1.270 1.524 1.778
Al3 0.511 0.766 1.022 1.277 1.533 1.788
Al4 0.520 0.780 1.040 1.300 1.560 1.820
PCM 0.544 0.816 1.088 1.360 1.632 1.904
PB 0.361 0.541 0.722 0.902 1.083 1.263
TABLE V: VALUE oF CRITICAL SIZE OF NUCLEUS (1*) AT DIFFERENT TABLE VI: VALUE oF AG* FOR ALLOYS OF PCM-PB SYSTEM AT
UNDERCOOLINGS (AT) DIFrERENT UNDERCOOLINGS (AT)
Alloy r* (nm) Alloy AG* x 10" (J)
AT 1.0 1.5 2.0 2.5 3.0 35 AT 1.0 1.5 2.0 2.5 3.0 3.5
Al | 188.74 | 125.82 | 94.37 | 75.49 | 62.91 | 53.92 Al | 53.983[23.992|13.495| 8.637 | 5.998 | 4.406
A2 | 186.96 | 124.64 | 93.48 | 74.78 | 62.32 | 53.41 A2 |53.719|23.875|13.429 | 8.595 | 5.968 | 4.385
A3 | 185.10|123.40 | 92.55 | 74.04 | 61.70 | 52.88 A3 | 53.385|23.726 | 13.346 | 8.541 | 5.931 | 4.357
A4 | 183.14|122.09 | 91.57 | 73.25 | 61.04 | 52.32 A4 | 52981 | 23.547 | 13.245 | 8.476 | 5.886 | 4.324
A5 |180.70 | 120.46 | 90.35 | 72.28 | 60.23 | 51.62 A5 | 52.27523.233 | 13.068 | 8.364 | 5.808 | 4.267
AE | 173.62 | 115.74 | 86.81 | 69.44 | 57.87 | 49.60 E 50.194 | 22.308 | 12.548 | 8.031 | 5.577 | 4.097
A6 | 174.18 | 116.12 | 87.09 | 69.67 | 58.06 | 49.76 A6 | 51.163|22.739 | 12.790 | 8.186 | 5.684 | 4.176
A7 |174.62|116.41 | 87.31 | 69.84 | 58.20 | 49.89 A7 |52.070|23.142 | 13.017 | 8.331 | 5.785 | 4.250
A8 |174.92|116.61 | 87.46 | 69.96 | 58.30 | 49.97 A8 52909 |23.515|13.227 | 8.465 | 5.878 | 4.319
A9 |174.70 | 116.46 | 87.35 | 69.88 | 58.23 | 49.91 A9 |53.42523.744 | 13.356 | 8.548 | 5.936 | 4.361
A10 |173.94 | 11596 | 87.97 | 69.57 | 57.98 | 49.69 Al10 |53.612 |23.827|13.403 | 8.578 | 5.956 | 4.376
All | 17428 | 116.18 | 87.14 | 69.71 | 58.09 | 49.79 All | 54.466 | 24.207 | 13.616 | 8.714 | 6.051 | 4.446
Al12 | 17254 | 115.02 | 86.27 | 69.01 | 57.51 | 49.29 Al2 |54.661 | 24.293 | 13.665 | 8.745 | 6.073 | 4.462
Al3 |172.14 | 114.76 | 86.07 | 68.85 | 57.38 | 49.18 Al13 | 54.655|24.291 | 13.663 | 8.744 | 6.072 | 4.461
Al4 | 171.22 | 114.14 | 85.61 | 68.48 | 57.07 | 48.92 Al4 | 54.699 | 24.310 | 13.674 | 8.751 | 6.077 | 4.465
PCM |166.78 | 111.18 | 83.39 | 66.71 | 55.59 | 47.65 PCM |52.855(23.491|13.213 | 8.456 | 5.872 | 4.314
PB |200.12 | 133.41 | 100.06 | 80.04 | 66.70 | 57.17 PB | 60.696 | 26.976 | 15.174 | 9.711 | 6.744 | 4.954




