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Research Article

A new steroid from chloroform extract of Tamarix indica
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Abstract

The chloroform soluble fraction of the Tamarix indica was used for the first time to purify a new steroid compound as well as four other
known compounds. Modern sophisticated techniques such as 'H-NMR, '*C-NMR, EIMS, HREIMS, one dimensional and two-dimensional
spectroscopic techniques were used to characterized for structure elucidation of the isolated molecules. The known compounds were recognized

as Lupeol (2) Stigmasterol (3), Ursolic acid (4), Oleanolic acid (5).

Keywords:

Tamarix indica, Steriods, Terpenoids, 'D NMR and MS techniques, Computational analysis.

1. Introduction

Genus Tamarix is the most typical genus of family Tamaris-
caceae , Tamarix is a genus bearing flowering plants of dif-
ferent have about 50-60 species. Mostly species of this genra
are present in Africa, Asia and Europe. Height of these plants
is maximum eighteen meter and have evergreen broad leaves.
Plants with thin branches and grayish green leaves. The genus
Tamarix have number of species that’s why the family was nam-
ed Tamariscaceae. Seventy-nine type of flowering plants are
present in Tamaris-caceae (Tamariscinae) family, grouped into
five genera, which are generally herbs, shrubs and small trees.
Phytochemical studies of this genus reveled the presence of
following compounds such as sugars, proanthocyanidins alka-
loids, quercetin, ellagic acid, flavonols, cyanids, terpenoids, ste-
riods polyphenols, tannin as well as, non-steroids amines and
amides, kaempferol accountable for the wide range of medici-
nal properties.

The speice Tamarix indica is grown in the dry areas of Asia,
it is small evergreen. It has hermaphrodite flowers, oblong
and rounded petals, pink and white flowers appear as compact-
masses at tip of branch alternatively from March to Septem-
ber. It is present mainly in latitude to high altitude especially in
Chita hills of Northern areas Indus River Belt, Attock, and Kala
in Pakistan. Tamarix indica. has been shown a list of pharma-
cological activities The methanolicextracts of leafs, barks and

*Corresponding Author:
sumraamanat@gmail.com (Sumra Amanat)

also the other major parts of plants revealed cytotoxic, antidiar-
rheal and antinociceptive activities. Furthermore, the aqueous
extracts of bark of this plant were used for aphrodisiacs activi-
ties [1-5].

Almost all steroid molecules share a basic structure known
as the perhydro-cyclopentanophenanthrene ring system. This
consists of four fused rings: three cyclohexane rings (desig-
nated as rings A, B, and C) and one cyclopentane ring (des-
ignated as ring D), which are arranged in a specific orienta-
tion.Despite their structural differences, all steroid molecules
share certain properties, such as the ability to bind to specific
receptors in the body and influence gene expression [6]. In ad-
dition to these established uses, research is ongoing to discover
new potential applications for steroids. For example, there is
interest in exploring the use of certain steroids as neuropro-
tective agents in conditions such as Alzheimer’s disease, and
as anti-aging agents due to their ability to modulate hormone
levels and cellular processes. Steroids are also being investi-
gated as potential lead compounds in drug discovery for a wide
range of therapeutic areas, including cancer, inflammation, and
metabolic disorders [7].

The present work describes the isolation of a new steroid
compound and four known compounds from Tamarix indica.
The known compound name as Lupeol (2) [8], Stigmasterol (3)
[9], Ursolic acid (4) [10], Oleanolic acid (5) [11].
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2. Materials and Methods

2.1. General

Silica gel, a commonly used adsorbent material, was used
in both thin layer chromatography and column chromatography.
Pre-coated preparative plates with silica gel were used to sepa-
rate and isolate the components of the mixture being studied in
TLC. The melting points of the substances were assessed using
a Buchi melting point apparatus, which utilizes glass capillaries
to contain the sample. Optical rotations, which are a measure of
how the sample interacts with polarized light, were measured
using a digital polarimeter. Ultraviolet spectra were recorded
with the help of Hitachi U-3200 spectrophotometer, while in-
frared spectra were obtained using an FTIR spectrophotometer.
These instruments are used to determine the chemical compo-
sition of the substances by analyzing how they interact with
different types of electromagnetic radiation.

The "H-NMR spectra were obtained using TMS (tetram-
ethylsilane) as a reference in CDCl; (deuterated chloroform),
while '3C-NMR spectra were obtained at specific frequencies in
CDCl;. Nuclear Magnetic Resonance (NMR) spectroscopy is
used for the identification of individual atoms in the substance
being studied.

To obtain precise mass measurements, mass spectrometry
was used, with glycerol and thioglycerol as matrices. Cesium
iodide (CsI) was used as an internal standard. Mass spectrom-
etry is a technique that allows for the determination of mass
of individual atoms or molecules in a sample. Ceric Sulphate
reagent was used to visualize the spots on TLC plates through
spraying. This reagent consists of Ceric sulphate, trichloroacetic
acid, and conc. H,SO,, and reacts with the substances on TLC
plates to produce visible spots. Finally, all chemicals and en-
zymes used in the determination of enzyme inhibition activities,
including antimicrobial, lipoxygenase, and Brine shrimp tests,
were sourced from Sigma, a well-known supplier of laboratory
chemicals and equipment. These tests were likely performed
to determine the efficacy of various substances as inhibitors of
certain enzymes or as antimicrobial agents.

2.1.1. Plant Material

Tamarix indica was collected in May from Attock and rec-
ognized by Botany Department, University of Karachi where
voucher specimen (H.No : 68370) have been kept in herbarium
center.

2.1.2. Isolation

6 Kg whole dried powder form plant was used, it refluxed
with ethanol (95 %). The crude extract (0.5 Kg) was obtained
by evaporating under reduced pressure, separated between n-
hexane, chloroform, ethyl acetate, n-butanol, and water soluble
fractions. The chloroform soluble part (150g ) were recolumn
chromatographed and eluting with n-hexane- chloroform and
chloroform-methanol, 11 major fractions obtained labeled as
T'-T'"' (T=Tamarix).

The fraction T° (n-hexane-chloroform, 5:5) revealed many
spots on silica gel TLC after re-chromatographed over PTLC

using n-hexane-acetone (8.0:2.0) the solvent system gave com-
pound 5 (8 mg). The fraction T’ (n-hexane-chloroform, 4:6)
exhibited five spots on TLC, re-chromatographed over silica
gel column chromatography, eluting with n-hexane-ethyl ac-
etate (6.0-3.0) solvent system affored compound 1 (28 mg) and
4(20mg). The fraction T'0 (n-hexane-chloroform, 2:8) showed
six major spots on TLC were rechromatographed and finally
Preparative silica gel TLC system n-hexane-acetone (5.5 : 4.5)
to give compound 2 (13 mg) and compound 3 (18 mg).

2.1.3. (3B, 22E)-stigmasta-7, 9(11), 22-trien-3-yl dodecanoate
(new compound) (1)

The compound is a colorless, amorphous solid with a spe-
cific rotation of -23.0 (c = 1.0, MeOH) at 22°C. Its FT-IR spec-
trum shows characteristic peaks at 1715 cm™' (carbonyl moi-
ety), 1650-1600 cm™! (olefin group), and 1227 cm™! (C—0).
The 'H-NMR spectrum (recorded at 500 MHz in CDCls) ex-
hibits signals at § 1.21-1.25 (m, 18H, H-3"-11"), 2.34 (t, 2H, J
=7.5Hz, H-2"),0.85 (t, 3H,J = 6.5 Hz, H-12"), 4.24 (dt, 1H, J
=10.8, 8.9 Hz, H-3), 5.35 (t, 1H, ] = 7.8 Hz, H-11), 5.13 (dd,
1H, J = 15.2, 7.6 Hz, H-22), 5.03 (dd, 1H, J = 15.1, 7.3 Hz,
H-23), 0.98 (s, 3H, Me-19), 6.04 (t, 1H, J = 7.3 Hz, H-7), 0.5
(s, 3H, Me-18), 0.82 (d, 3H, J= 6.4 Hz, Me-21), 0.81 (d, 3H, J
= 6.2 Hz, Me-27), 0.52 (t, 3H, J = 7.2 Hz, Me-29), 0.86 (d, 3H,
J =6.2 Hz, Me-26)

The 3C-NMR spectrum (recorded at 125 MHz in CDCl;)
shows signals at 6 174.7 (C-17), 21.1 (C-2"), 28.1-29.2 (C-3~
-C-117), 54.3 (C-127), 34.5 (C-1), 27.1 (C-2), 72.9 (C-3), 33.1
(C-4), 39.2 (C-5), 29.5 (C-6), 117.5 (C-7), 136.3 (C-8), 144.4
(C-9),32.5(C-10), 118.2(C-11),41.8 (C-12), 40.4 (C-13),50.7
(C-14),23.2(C-15),27.7 (C-16), 54.2 (C-17), 11.6 (C-18), 19.1
(C-19),37.2 (C-20), 18.4 (C-21), 33.4 (C-22), 26.3 (C-23),45.6
(C-24), 28.7 (C-25), 18.2 (C-26), 19.7 (C-27), 23.1 (C-28), and
12.2 (C-29)

3. Results and Discussion

By subjecting the chloroform-soluble fraction of the T. in-
dica plant to column chromatography, a total of five compounds
were separated and identified, including four previously known
ones and a newly discovered compound. It (1) was purified col-
orless amorphous solid compound from chloroform soluble ex-
tract of plant. Salkowski and Lieberman Burchard reaction
showed steroidal nature of compound. In HREIMS data molec-
ular ion peak appeared at m/z 592.5201, determined molecu-
lar formula (Calculated for C4;HggO,, 592.5254) and exhibited
eight degrees of unsaturation in compound.

The IR (V,qx cm™!) spectral data displayed peaks at 1715
cm™!, 1227 cm™! and 1650 cm™! indicated carbonyl carbon, es-
ter linkage and olefinic moiety respectively. EIMS data exhib-
ited a major fragment peak at m/z 452 (C5,Hy490,) after the loss
of side chain, peak at m/z 140 (C,oH;o) is distinctive feature
of steroid molecules. Another major peak appeared at m/z 548
[M—CO,] showed presence of two oxygen atoms in molecule.
Presence of two olefinic moieties in steroid ring B and C, C=0.
is indicated by Peak appeared at m/z 411 (C,gHy40,) after fis-
sion of D ring.
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(d) Compound 4

(b) Compound 2

(c) Compound 3
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(e) Compound 5

Figure 1: Structures of compounds 1-5
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Figure 2: Important mass fragmentation of compound 1

The presence of a steroid was indicated in the 'H-NMR
spectrum by downfield signals at 6 4.24 (H-3), § 6.04 (H-7), and
5.35 (H-11), which revealed an oxymethine functional group
connected to four neighboring proton atoms, a tri-substituted
C=C bond, and A7,9(11) unsaturation, respectively. Signals at
0 5.13 and 5.03 showed a 1,2-disubstituted olefinic unsaturated
bond. Upfield signals at 6 0.98 and 0.51 were due to an an-
gular methyl group and a steroidal methyl group at secondary
carbon atoms, respectively. Doublets appeared at ¢ 0.82, 0.86,
and 0.81, indicating a steroidal methyl group. A triplet signal

at ¢ 0.85 showed a dodecanoyl moiety, and a multiplet signal
between ¢ 1.21-1.25 indicated nine methyl groups. A signal at
0 2.34 indicated the presence of a methylene along with a car-
bonyl carbon. In the '3C-NMR spectrum, the presence of an
ester linkage (C=0) was indicated by a signal at §174.7. The
compound structure was further interpreted using proton-proton
COSY and HMBC correlation.

Figure 3: Important HMBC correlation in compound 1

The HMBC data showed a signal at 6 4.61, indicating the
oxymethine proton of C-3, which is a carbon atom with a hy-
droxyl (-OH) group attached to it. The J2 correlation observed
with C-2(6 27.1) and C-4(6 33.3) indicates that these carbon
atoms are adjacent to C-3, while the J3 correlations with C-1’
signal at 6 170.1, C-1, at 6 34.4 and C-5 at 6 39.3 indicate that
they are also connected to other parts of the molecule. The g
and equatorial configuration of the acetate group is also noted,
which is a typical feature of steroids. Olefinic proton at C-7,
which is a carbon atom with a double bond (=) attached to it.
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The J2 correlation with C-9 at 6 144.5 and C-12 at 6 41.9 in-
dicates that these carbon atoms are adjacent to C-7, while the
J3 correlations with C-8 at ¢ 136.2, C-10 at 6 32.6, and C-13
at ¢ 40.5 indicate that they are also connected to other parts of
the molecule. The equatorial 38 configuration of the molecule
is also noted, which indicates the orientation of the functional
groups attached to the carbon atoms. All these correlations was
confirmed position of the olefin moieties at C-7 and C-9 in the
molecule and equatorial 35 configuration

. 12
(CHy)g

Figure 4: Important NOESY correlation in compound 1

The compound 1 produced a methyl dodecanoate and a free
alcohol when subjected to basic hydrolysis. In HR EI-MS the
alcoholic moiety showed peak at m/z 410.5010 for molecular
formula CyoH4g0O (Calcd. 410.3548), showing m.p 160 - 161°
C, was identified as stigmasta-7, 9 (11), 22- triene-3-ol [12, 13].
The indication of methyl dodecanoate moiety in compound 1
was determined by following comparison those data reported
in the literature, by relative TLC comparison of compound with
an authentic liquid sample, by boiling point which showed at
260-2614°C and by '"H-NMR and IR spectral data [14]. The
compound 1 was identified as (38, 22E)-stigmasta-7, 9 (11),
22-trien-3-yl dodecanoate in all of these investigations

4. Conclusion

Comparison of spectral and physical data of known com-
pounds (Figure 1) with literature these compound were recog-

nized as Lupeol (2) Stigmasterol (3) Ursolic acid (4) , Oleanolic
acid (5)
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Abstract

Fresh grapefruits (Citrus paradesi) were collected from the vegetable market of Lahore Division, Punjab Pakistan. Their peel, pulp, and
seed were subjected to drying and grinding which was followed by extraction with methanol. These methanolic extracts were further investigated
to check their antioxidant activities by using 2,2-diphenyl-1-picryl-hydrazyl (DPPH). The antioxidant activities showed that the grapefruit peel
methanolic extract with concentrations of 25uL., S0uL, 75uL, and 100uL has DPPH inhibition 73.6%, 76.4%, 78.8%, and 82.7% respectively.
While the grapefruit pulp methanolic extract having concentrations 25ul, SOuL, 75uL, and 100uL has DPPH inhibition 60.3%, 67.3%, 73.6%,
and 78.9% respectively and the grapefruit seed methanolic extract with concentrations 25uL, S0uL, 75uL, and 100uL has DPPH inhibition 59.1%,
65.7%, 71.5%, and 75.9% respectively. The results of these extracts were concentration-dependent.

Keywords:

Grapefruit, Peel, Pulp, Seed, Methanolic Extract, Antioxidant activity, DPPH.

1. Introduction

Grapefruit (Citrus paradesi) belongs to the Rutaceae fam-
ily and it is produced by a natural cross between sweet or-
ange (Citrus sinensis L. Osb.) and pummelo (Citrus grandis
L)) [1, 2]. Its tree grows to a height of 5.6-6 m and the fruit has
a diameter of approximately 15cm. The fruit is protected by a
peel that demonstrates 11-14 segments, or carpels, a sheet of
membrane covers each segment or carpel and each carpel con-
tains seeds and juice sacs [3]. In 2019, world grapefruit produc-
tion was 9504.1 thousand tonnes from which Asia contributed
7115.6 thousand tonnes while Pakistan and some other coun-
tries contributed 21.8 thousand tonnes [4]. In Pakistan, 95% of
the total production of citrus fruits is produced by the province
of Punjab from which grapefruit cultivation over five thousand
hectares constitutes only 0.3% of the overall citrus production.
It is predominantly grown in the subtropical regions of central
Punjab, including, Sahiwal, Layyah, Sargodha, Toba Tek Singh

*Corresponding Author:
zafarmayo2000@yahoo . com (Zafar Igbal)

and Khanewal. The main commercially cultivated grapefruit
varieties are Foster Pink (seedy) and Shamber (seedless). Its
harvesting commences in September-October, while the fruit is
still green and the flesh color is not fully matured [1, 2].

Grapefruit is a rich source of nutrient, bioactive compo-
nents and phytochemicals. The components include vitamin C,
polyphenols, lycopene, fiber and pectin [5].These components
play a significant role in providing potential health benefits be-
cause of their nutritional, antiallergic, antioxidant, anticarcino-
genic and antimicrobial properties [6].

Methanolic extraction is carried out to extract bioactive
components from grapefruit seed, pulp and peel to determine
their antioxidant activities [7]. Antioxidants play a crucial role
in safeguarding lipids and oils in food from oxidative degrada-
tion. When incorporated into food, antioxidants manage the on-
set of rancidity, slow down the generation of harmful oxidation
byproducts, preserve nutritional quality, and prolong the shelf
life of products. The natural and inherent antioxidants found
in spices contribute to mitigating oxidative stress. This form of
stress, resulting from elevated levels of free radicals in tissues
and cells, can be triggered by diverse factors, including X-ray,
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gamma and UV radiation, contaminated food, vigorous physi-
cal activity, alcoholism, psychological stress, smoking, and ad-
verse environmental conditions [8].

The significance of natural antioxidants lies in their abil-
ity to neutralize harmful free radicals in the body. These com-
pounds play a crucial role in protecting cells from oxidative
stress, which is linked to various chronic diseases and aging
processes. Consuming a diet rich in natural antioxidants, found
in fruits, vegetables, and other whole foods, can contribute to
overall health by reducing the risk of oxidative damage and pro-
moting well-being [9].

Several studies have been reported to investigate the an-
tioxidant properties in edible parts and juice of different origin
and varieties oranges [10—12]. Research has been conducted
on citrus peel extracts to investigate their phytochemical and
antioxidant profile [13]. The antioxidant activity of extract ob-
tained from grapefruit seed on vegetable oils was studied [14].
The phenolic profile and antioxidant activity of some citrus
fruits was also determined [15]. The purpose of this research
is to obtain the methanolic extract of grapefruit seed, peel, pulp
and to contribute valuable insights into the characteristics and
efficiency of these extracts as antioxidant and enhance our un-
derstanding of their potential benefits.

2. Materials and Methods

2.1. Collection of Material

The fresh grapefruits were collected from the vegetable mar-
ket of Lahore Division, Punjab Pakistan. Their peel, pulp and
seed were separated, kept under the shade and dried for 21 days.

2.2. Chemicals
Both the reagents were of analytical grade and purchased

from local market of Lahore Division, Punjab Pakistan. These
include methanol and 2,2-diphenyl-1-picryl-hydrazyl (DPPH).

2.3. Methanolic Extraction
2.3.1. Grapefruit Peel

The peels of grapefruit were grounded to obtain powder
by using grinder machine and passed through 500mm mesh.
100g from this powdered sample with 500ml of methanol were
taken in 1000ml closed container. This mixture was allowed to
macerate for 14 days with frequent shaking. After the macera-
tion period, mixture was filtered with the help of filter paper to
remove the solid residue from the liquid extract. Then, concen-
trated this liquid extract to evaporate the solvent by distillation
method. These concentrates were then kept in air tight sample
bottles and stored at room temperature.

Powdered grapefruit peel ————  Filtration of Liquid Extract ——» Recovery of Solvent ~——— Methanolic Extract

2.3.2. Grapefruit Pulp

After drying, the pulp of grapefruit was pulverized using a
grinder machine to obtain powder. A 100g portion of this pow-
dered sample combined with 500ml of methanol in a 1000ml
sealed container. The mixture left to macerate for 14 days with
regular shaking. Following the maceration period, the mixture
was filtered using filter paper to separate the solid residue from
the liquid extract. Subsequently, the liquid extract was concen-
trated through distillation to evaporate the solvent. The result-
ing concentrates were then transferred to airtight sample bottles
and stored at room temperature.

———— Methanolic Extract

Powdered Grapefuit Plp ———  Filtration of Liquid Extract ———>  Recovery of Solvent

2.3.3. Grapefruit Seed

Upon completion of the drying process, dried seeds were
grounded into a powder using a grinder machine to increase
their surface area. After which, 100 g portion of this powdered
sample along with 500 ml of methanol was taken in a sealed
1000 ml container. The mixture underwent a 14-day macera-
tion period with frequent shaking. After maceration, the mix-
ture was filtered using filter paper to separate the solid residue
from the liquid extract. The liquid extract was subsequently
concentrated through distillation to recover the solvent. The
resulting concentrates were transferred to airtight sample bot-
tles and stored at room temperature.

— Methanolic extract

Powdered Grapefruit Seed —— Filtration of Liquid Extract ——  Recovery of Solvent

2.4. Antioxidant Activity of Methanolic Extracts

Antioxidant Activity of methanolic extracts of grapefruit
were analyzed by 2,2-diphenyl-1-picryl-hydrazyl (DPPH) rad-
ical by using the method described by [16]. The extracts with
various concentrations of 25ul, 50uLl, 75uL. and 100uLL were
mixed with 3 ml of methanol containing DPPH solution. The
absorbance of the resulting solution and the blank (containing
only DPPH) was measured at a wavelength of 517nm using
a UV-Vis spectrophotometer after a 30-minute incubation at
room temperature. The percentage inhibition of these extract
is determined by using following equation

. . __ Absorbance of blank solution — Absorbance of sample
% Inhibation (DPPH) - Absorbance of blank solution x 100
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3. Results

3.1. Antioxidant Activity of Grapefruit Peel Methanolic Extract

The mehanolic extract of grapefruit peel showed high DPPH

inhibition due to presence of high concentration of phenolic
contents. These contents included a large number of volatile
components e.g; limonene, ascorbic acid (vitamin C), antho-
cyanins, flavonoids etc. [17]. The results showed that the grape-
fruit peel methanolic extract with concentrations of 25uL, S0uL,
75uL and 100uL has DPPH inhibition of 73.6%, 76.4%, 78.8%

and 82.7% respectively. These results have been shown in fig.(1)
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Figure 1: Antioxidant activity of Peel Methanolic Extract of
Grapefruit

3.2. Antioxidant Activity of Grapefruit Pulp Methanolic Ex-
tract

The chemical composition of grapefruit pulp shows the pres-
ence of carotenoids e.g.,
beta-carotene, sugars e.g., glucose, fructose, sucrose, organic
acids e.g., citric acid quininic acid and volatile components e.g.,
d-limonene, caryophyllene and tert-butyl 2-methylpropanoate
etc [18]. The antioxidant activity of methanolic extract of grape-
fruit pulp is due to the presence of the voltatile components.
Results showed that grapefruit pulp methanlic extract with con-
centrations of 25uL., 50uL, 75uL. and 100uL has DPPH inhibi-
tion 60.3%, 67.3%, 73.6% and 78.9% respectively as shown in

fig.(2)

3.3. Antioxidant Activity of Grapefruit Seed Methanolic Ex-
tract

The grapefruit seed contain a large number of bioactive
components. These include fatty acids (linoleic acid, stearic
acid, palmitic acid, and oleic acid etc), falvonoids (naringin eri-
ocitrin, naringenin, rutin, hesperidin, and kaempherol etc), phe-
nolic acids (gallic acid, rosmaniric acid, syringic acid and tr-2-
hydrocinnamic acid etc), carotenoids (5-carotene), and volatile

components (d-limonene, furfural, y-Terpinene, and a-Terpinolene

etc) [19]. The results of antioxidant activity of showed that
methanolic extract of grapefruit seed with concentrations 25uL,
50uL, 75uL and 100uL has DPPH inhibition of 59.1%, 65.7%,
71.5% and 75.9% respectively, as shown in fig.(3)
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Figure 2: Antioxidant Activity of Pulp Methanolic Extract of
Grapefruit
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Figure 3: Antioxidant Activity of Seed Methanolic Extract of
Grapefruit

4. Discussion

Literature reported that the antioxidant activity of fruits
and vegetables is due to the presence of polyphenolic and phe-
nolic compounds [20, 21]. The phenolic compounds that show
antioxidant activity included ascorbic acid (vitamin C), antho-
cyanins, flavonoids. The antioxidant activity increases with
the increase in the concentration of the phenolic and polyphe-
nolic compounds as they were concentration-dependent. The
grapefruit peel show higher antioxidant actrivity than seed and
pulp [17, 22, 23]. Because peels of grapefruit and other cit-
rus fruits have larger amounts of polyphenols as compared to
peeled fruits [24]. It was also reported that the dried peel ex-
tracts of lemon, orange and mandarin show higher antioxidant
acitivity due to higher concentration of phenolic contents than
the fresh ones [25-28]. Citrus fruits are abundant in phenolic
acids, which exhibit varying degrees of free radical scavenging.
The antioxidant activity of phenolic compounds is due to the
presence of phenolic hydroxyl groups that readily donate a hy-
drogen atom or an electron to a free radical, and an extended
conjugated aromatic system that facilitates the delocalization
of an unpaired electron [29]. The relationship between overall
phenolic concentration and antioxidant activity has been exten-
sively investigated across various food items, including fruits
and vegetables. Prior research has shown a direct correlation
between phenolic content and antioxidant capacity in fruits and
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vegetables [30]. The grapefruit methanolic extract exhibited
DPPH values range from 73.6% to 82.7% in peel , 60.3 to
78.9% in pulp and 59.1 to 75.9% in seeds with concentration
range from 25uL to 100uL in each sample. Their antioxidant
activities was represented by order as follows: peel > pulp >
seed. These results are similar to Jang, Chang et al. 2010 [31],
who reported that peel of pummelo had higher antioxidant ac-
tivity than its pulp when employing the DPPH method. It was
because methanolic extract of grapefruit peel had higher con-
centration of phenolic content than pulp and seed methanolic
extracts of grapefruit.
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Abstract

In the present investigation, attempts were made to make a powder herbal hair dye resembling natural hair color with better dyeing effect,
superior quality, long-lasting, and hundred percent pure. Synthetic hair dye includes dye modifiers, antioxidant alkalizers, soap ammonia,
wetting agents, fragrances, and a variety of other softening agents that are harmful to health and cause cancer. To overcome these problems
in the present investigation, we developed a method to get a natural brown color using a combination of different plant materials, i.e., amla
(Emblica officinalis gaertin), olive (Olea europaea), almond peel, and peanut peels. The current study examined several combinations of
hair-care plants, including henna, peanut, almond, walnut, indigo, and aloe vera. Additionally, basic and inexpensive ingredients were used,
saving money and foreign exchange. We get brown hair naturally from these raw materials, which are themselves medicines for hair growth
and have an endless list of therapeutic benefits that antimicrobial antiseptic, and anti-inflammatory herbs impart. Brown color and a scalp free
from dandruff ensure quality with no side effects. It is pharmacologic invention for ageing hair, which is a vital alteration for synthetic hair
dye. It is a 100% natural source. A natural herbal hair dye is an excellent colorant for all types of hair because synthetic dyes have the chief
disadvantage of causing preventive reactions and hair loss. All natural hair dyes are made from plants using the latest scientific achievements in
green chemistry. The result obtained from the brown hair dye process investigation confirmed that hair dye prepared from hulls was excellent

and economical, with a number of benefits for hair.

Keywords:
Henna, Peanut Hull, Natural herbs, Almond Hull, Black Tea, Aloe vera.

1. Introduction

Continuously using permanent or semi-permanent hair color
dye along with hair dye shampoo can heighten the likelihood of
long-term exposure to synthetic hair dye chemicals, thus po-
tentially elevating the risk of breast cancer development [1].
Hair dye A need was felt to formulate the product containing
only plant products and develop a hair dye alternative to syn-
thetic dyes / having metals salt base. The natural brown hair
dye from natural sources and natural ingredients which is safe
for use of hyper sensitive reaction [2]. Brown hair dyes de-
rived from henna provide a natural hue to the hair, distributing
evenly across the scalp, and resulting in fragrant, soft, and eas-
ily manageable hair. Hair dyes derived from natural sources

*Corresponding Author:
psk717@gmail. com (Phool Shahzadi)

address issues [3] like hair cuticle damage, irritation, and scalp
sensitivity. They are safe to use and don’t pose problems such
as skin staining, itching, or hypersensitive reactions. Products
using plant-based colorants, sourced from various renewable
sources, are generally considered environmentally friendly and
bio-compatible [4]. The natural brown hair dye possesses full
penetration to be used as coloring agent and safe hair colorant
[5]. Hair dye is important cosmetic item for not only men
but also for women. Now a days, oxidation dyes account for
around 80% of the hair colorant industry, with the remaining
non-oxidative segment which is based on synthetic organic dyes
representing the remaining market, with the exception of a very
small portion that is made up of lead acetate and natural colors
[6]. Synthetic dye-based or permanent hair dyes typically con-
sist of two components: color and developer. The color compo-
nent typically includes various synthetic dyes and intermediates
such as ammonia, diaminobenzene, phenyldiamine, resorcinol,
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Table 1. Ingredients Formulation for Medium Brown

g:ir??)(;fe Shade Ingredients Composition

H1 (Hair dye) Medium Brown Henna 30-35 %
Indigo 3-7 %
Aloe vera 5-7 %
Peanut Hull 8-10 %
Walnut Hull ~ 8-12 %
Gram Hull 8-10 %
Pine nut Hull 8-10 %
Almond Hull 8-12 %
Black gram 2-3%
Laung 3-5%
Alum 2-3 %
Lemon 3-5%
Black Tea 2-5 %

ortho-para-aminophenol, p-toluenodiamine, green ingredients,
and their variants. These ingredients, often in forms like HCl
or sulfate (e.g., PPP), are potent irritants and have been linked
to allergic reactions [7]. Other irritant ingredients include H,O,
naphthol. The release of reactive oxygen species (ROS) follow-
ing dye exposure is another factor that may lead to skin allergies
[8, 9]. Hair dye sold in the European Union containing any of
the listed ingredients must carry a warning due to their poten-
tial to cause allergic reactions and penetrate the skin, leading
to a risk of cancer. Prolonged use of such hair dye typically
results in local irritation and skin toxicity. It can also manifest
as blisters, itching, rashes, pigmentation issues, and in some
cases, serious dermatological disorders, indicating a wide range
of potential biological effects [2, 10]. In spite of above disad-
vantage natural dye possess some limitation and technical draw
back like color yield, higher cost, limited shades, low fastness
properties and blending problems. The increase in synthetic
dyes over the past three centuries has led to the neglect of nat-
ural dyes, resulting in a decrease in research efforts dedicated
to them [5, 11]. To address the limitations of natural dyes, a
systematic scientific approach can be employed. The active
constituents also offer protection against hair damage caused
by photo reactions and pollution. This formulation has been
demonstrated to be a viable alternative to synthetic and semi-
synthetic dyes in vitro. In the current study, a formulation has
been developed to achieve a natural brown color using a com-
bination of natural ingredients. The primary objective of this
investigation is to formulate a hair color that is both natural and
safe.

2. Materials and Methods

2.1. Production Profile

The present investigation provides a process for the prepa-
ration of herbal hair dye. The plants used in the study are
Henna (Lawsonia viernis Lim), Indigo, Aloe vera, Sapindu mu-
crorosia, Embica officinalis, olive, Walnut Hull, Peanut Hull,
Almond Hull were collected, dried in shade till they contain
moisture less than 2-3%by mass.

The shade dried weighed plant were crushed to powder form
by using electrical speeder. The powdered form material has

Table 2. Ingredients Formulation for Pale Yellow

EZ{?;})(;; Shade Ingredients Composition

H2 (Hair dye) Pale Yellow Henna 35-40 %
Indigo 5-7 %
Aloe vera 5-7 %
Peanut Hull 7-10 %
Walnut Hull 7-10 %
Gram Hull 3-4 %
Pine nut Hull 6-9 %
Almond Hull 7-9 %
Black gram 2-3 %
Laung 3-5%
Alum 2-3 %
Lemon 3-5%

tannin or coloring agent [12]. The fine powder raw material
was soaked in water

1. Weighed quantity of Henna (Lawsonia viernis Lim) mix
with sugar.

2. Grinding the Indigo, Aloe vera, and olive homogenously.

3. Grinding the Peanut Hull, Almond Hull and Black Wal-
nut Hull.

4. Soaking above ingredients into the bowl.

5. Boil at simmering point 85-90°C for time period of 30-50
min.

6. Filter it after boiling.

7. The filtrate added in mixture of Henna, Sugar, Vinegar
Laung and small quantity of alum under constant vigor-
ous stirring at moderate temperature maintained ph 7-8.

8. Dry it at room temperature

9. The powder from colored hair dye was formulated with
suitable ratio of low or high quantity under safe limits to
obtain the required composition. It is like a part adding a
fragrance agent applied to the hair for light or dark brown
shade.

Table 3. Ingredients Formulation for Dark Brown

Esi:;(;i Shade Ingredients Composition

H3 (Hair dye) Dark Brown Henna 25-30 %
Indigo 2-5%
Aloe vera 3-5 %
Peanut Hull 5-8 %
Walnut Hull 10-12 %
Gram Hull 10-12 %
Pine nut Hull 10-12 %
Almond Hull 10-12 %
Black gram 2-3 %
Laung 5-5%
Alum 2-3%
Lemon 3-5 %
Black Tea 3-7 %

2.2. Brown Herbal Hair Dye Preparation

The henna Black tea, sugar lemon, Almond peel, Peanut Pel
Walnut Hull etc were collected from different places and dried
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Table 4. Herbal Hair Dye

Coloring effect or

Duration of

S.No. Name of Hair Dye Herbal Hair Dye . .. Physical Appearance
fastness properties  retaining/permence
1 H1 (Hair dye) Medium Brown (H1) 4/5to 5 2-3 months Very good to excellent
H2 (Hair dye) Pale Brown (H2) 4/5t0 5 2-3 months Very good to excellent
3 H3 (Hair dye) Dark Brown (H3) 4/5t0 5 2-3 months Very good to excellent

in shade for maintain it color an ph. After processing they were
crushed into powder and used for the preparation of brown hair
colorant [13].

2.3. Collection of unpigmented hair

The human white hair was collected from the barber shops
and also from our aged colleague. Suitable combination of
different ingredients with henna, 10g aloe vera, 5g indigo, 5g
olive, 2g walnut hull, 2g peanut hull, 1g almond skin hull, after
crushing into powder for mixed well and (2g black tea and 10
ml water) was added to water in order to make smooth paste.
The paste was kept aside or 1-2 hours. The white human hair
was kept or put in above. Paste for 1-2 hours. Mixed well with
spatula. 2-5 gm sugar and lemon juice as color preservation also
added. After that it was washed with tape water and observed
for its coloring. Suitable permanent color fast combination of
henna and ingredients: Different ratios of henna and ingredients
are mixed together to get color fast paste for human white hair
and effect of pH was studied. To the paste of above ratio dilute
solution of sugar and lemon juice were added in order to obtain
the pH of 6,7,8, and 9.

3. Results and Discussion

Progressive natural brown hair dyes offer superior dyeing

effects with increased retention capacity, resulting in long-lasting

color. The brown shade is unique with its natural character-
istics, and immediate results can often be achieved with just
one application. One of the key advantages of this brown hair
color is its ability to avoid irritation, itching, dandruff, and scalp
weakness, while simultaneously providing hair with strength
and luster [14].

Natural hair dyes like black walnut powder, almond, peanut
hull, indigo, aloe vera, olive, sugar, black tea, lemon, etc., are
potent and effective options for dyeing hair naturally. These
ingredients are also beneficial for eliminating dandruff and pro-
moting hair growth. In the preparation of brown herbal hair
dye, ingredients such as henna, black tea, sugar, lemon, almond
peel, and walnut peel are utilized, offering a safe option without
side effects [15]. Conversely, chemical-oriented products may
provide quick results but can also lead to serious side effects.
To address these concerns, opting for herbal hair dyes with at-
tractive shades is recommended.

4. Conclusion

Hair color dyeing is only one of the technologies involved
in getting the right color on to the right herbal dye materiel in
order to use it effectively. The hair dyeing will need at least one
day addition and probably several to achieve the correct or fast
hair dye.
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Abstract

This article presents an analysis of electromagnetic wave propagation in a model of rectangular waveguide when filled with a double-negative
metamaterial. The field components and dispersion relation of the electromagnetic waves are calculated, analytically. The dispersion relation is
numerically analysed by plotting the normalized squared phase velocity against the propagation frequency for the variation of parameters of wave-
guide and the wave. The dominant mode is found to be TE'* mode. The dispersion curves show propagation and non-propagation characteristics
for larger dimensions and for dominant mode. Some aspects were found to be much different from a conventional rectangular wave-guide.

Keywords:

Rectangular waveguide, double-negative metamaterial, wave propagation.

1. Introduction

Rectangular waveguide loaded with various modern media
has been the topic of current interest for the microwave commu-
nication device applications such as filters, isolators, couplers,
sensors etc. [1-4]. In modern microwave materials, the double-
negative (DNG) metamaterials show very interesting proper-
ties as compared to the conventional double-positive (DPS) di-
electrics. Vesselago [5] suggested the plane wave propagation
in a medium containing simultaneously negative permittivity
and permeability. This idea then experimentally realized by
Pendry et al. [6-8], Smith et al. [9], and Shelby et al. [10].
Now, the DNG materials have been studied in different waveg-
uides and cavities for different applications such as low-pass,
high-pass and multiband filters etc. [11-15]. These applications
have been revealed by various authors. For example, Weng et
al. [1] used accurate rigorous modal theory to study rectangular
waveguide filled with multilayer right and left handed meta-
materials and shown the multiband propagation properties be-
low cut-off. Moradi [2] studied a rectangular waveguide filled
with anisotropic medium by using electrostatic theory of the
wave propagation and proposed its applications in microwave
regime. In another work, Weng et al. [3] investigated the rect-
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angular waveguide filled with graded inhomogeneous metama-
terial for the wave propagation and suggested a new approach
for the waveguide miniaturization.

In above discussed waveguides, the medium filled in the
waveguide played the key role for their applications. Therefore,
in the current proposed study, we analyse a rectangular waveg-
uide filled with a linear, homogeneous and isotropic double-
negative (DNG) metamaterial for the possible propagation prop-
erties and applications. This article is organized as follows:
section (1) represents the introduction to the current study; sec-
tion (2) includes the theoretical analysis of the proposed waveg-
uide based on electromagnetic wave theory; section (3) aims to
present the numerical results with discussion, and section (4)
focuses on the conclusion.

2. Theoretical analysis

Consider a rectangular waveguide with perfect electrical con-
ducting (PEC) walls as shown in figure (1). The planar symme-
try of the waveguide is extended in xz-plane with dimensions
y = a and x = b, whereas, the waveguide is extended infinitely
along z-direction. An electromagnetic wave is considered to
propagate in the z-direction with the plane wave solution profile
€@~k The medium inside the boundary walls of the waveg-
uide is a linear, homogeneous and isotropic double-negative
(DNG) material.
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Figure 1: Model of a rectangular waveguide filled with DNG
metamaterial.

A left-handed or DNG material is so-called frequency de-
pendant material, characterized by the following expressions of
relative permittivity and relative permeability [11-14].

Wy
e(@=1-— )

Fo?

Hp(w) =1~ o (@)
where w is the frequency of propagation, w,, is the plasma fre-
quency of long metallic wires (LMW), w, is the resonance fre-
quency of the split ring resonators (SRRs) and F is the filling
fraction of DNG material structure. Maxwell equations for the
DNG material can be written as

VX H =iws.e,(W)E 3)

VX E = —iwpop,(w)H “4)

Coupling the above Maxwell equations, we get the follow-
ing wave equations for £ and H

’E OE
+— =kpE 5
a2 Gy )
#H &H ,
W + a—yz = kDH (6)
Where k? — wep(w)up(w) = k%) Writing equations (3) and (4) in

component form, the following sets of equations are obtained

0H

a_yz + ikHy = iwep(w)E, @)
OH,
o~ ikHy = iwep(W)E, (8)
0H, 06H, .
(9x) - o = iwep(w)E, )

E

O: | kE, = —iwpp(@)H, (10)
dy

J9E. ikE, = —iwup(w)H, a1
ox

dE, OE, .

— - == = —iwpp(w)H; (12)
ox ady

Solving the above set of equations for the field components
H., E. H,, E,in terms of H, and E., we get the following ex-
pressions

é (kaaHxZ + wep(w) 6_) (13)
E, = é( ;) (14)
H, = é(k ;y[z +wsD(w)—) (15)
g tes) o

The solution of equation (5) is obtained for E, by using separa-
tion of variables method, given by

E, = (c; cos Ax + ¢ sin Ax) (c3 cos By + ic4 sin By) (17)

where A> = —k? — B?andcy, ¢, czand c4 are constants which can
be evaluated by using appropriate boundary conditions. Now,
using the boundary conditions, (i.e. the vanishing of the tan-
gential field component at the surface of a PEC), in equation
(17), we get the following solution

Ezonsin(@)sin(@) (18)
b a
wheren =0,1,2,...andm=0,1,2...,A=nn/b, B =mn/a

and E, is the amplitude of E.

2.1. TM modes

There is no magnetic field component in the direction of
propagation of wave for a transverse magnetic (TM) mode, there-
fore, setting H, = 0 in equations (13)-(16), we get the following
field vectors for the TM wave modes

iw OE,

H, = e 3D(M)E 19)
ik OF.

E = 2% 20
k% Ox (20)

iw OE,
H, = 2 ED(W)E 21
E, = _ Ik 0F, (22)

k2 Oy
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Using the solution (18) in above equations, we get the fol-
lowing field components for the TM wave modes

Hy = iwep(w) nn {E(, cos (?) sin (@)} (23)

ki b
ik
E, = 1_2 nr {EU sin (n_nx) cos (@)} (24)
ks, a b a
ik
e B (M) s
H, = Zwep(w) mx {E Sm(@)m(@)} 26)
K2 a b a
To find the expression of the dispersion relation for the TM
modes, we use A = nn/b, B = mn/a in A = -k} — B* as

mentioned in equations (17) and (18), we get

nmn mmn )2 27

)W :
k* = C_ZSD(w)ﬂD(W) - (?) - (7
2.2. TE Modes
For the transverse electric (TE) Modes, there is no electric
field component in the direction of propagation of wave. There-
fore, we use E, = 0 in equations (13)-(16), we get the following
field vectors for the TE wave modes

= %‘% (28)

E, = ,i—‘%’w(w) a(;zz (29)
H, = %aa_zzz (30)
E = ,"{—‘;;m)(w)af; G31)

For the TE modes, we solved equation (6) for H, by using
separation of variables method and use the same mathematical
procedure as described in section (2.1) to find the following

solution . .
nmx m
H,=H, COS(T)COS<—y) (32)
a

where H, is the amplitude of H. The corresponding field com-
ponents for the TE modes are given by

e (o)
b= () ()
e B (D)
[ T

In this case, the dispersion relation is the same as that of the
TM wave mode, given by

K2 = "c’—faD(w)mm - (%)2 - (%)2 (37)

3. Results and discussion

To analyse the proposed rectangular waveguide for the wave
propagation characteristics, the dispersion relation given in equa-
tion (37) is mathematically manipulated for the normalized squared
phase velocity, given by

v, enm\2 femm\2\

. {eD(me(w) - (=) - (=) } (38)
c wb wa

To investigate the dispersion characteristics of the electromag-
netic wave, it is more convenient to plot normalized squared
phase velocity against frequency, instead of usual wave vector-
frequency plot [11]. First, we find the frequency range for
which both permittivity and permeability of the DNG metama-
terial have simultaneously negative values. For this purpose, a
graph of equations (1) and (2) are plotted for the permittivity
and permeability against the frequency, as shown in figure (2),
for the parameters F = 0.56,w, = 4 x 10°Hzandw, = 10 X
10°Hz [11-15]. The frequency range is found to be 4 x 10°Hz
and 6 x 10° Hz which is in microwave frequency range.

10
| F =056
}. == W, =10 x 10* Hz
5 4GHz = 6GH: w, = 4% 10" Hz
______...--"/
L] — (e
b . ___..-—-'"""_'_'_—_
v L '
_= Hol @)
i | @@
-15
2x 10’ 4% 10" 6x 107 8 x10° 1x 10"
w (Hz)

Figure 2: A graph between relative permittivity/permeability
and frequency to find the existence range of a DNG material.

| @ =008m

" b=016m

TE |
| F =056
| ey = 4% 10 Hz
| @, =4 x 107 Hz
4.0x 10" 4.3% 10" 5.0x 107 5.3x 107 6.0 x 10°
w (Hz)

‘,2 . .
Figure 3: A plot of 5 versus w for various waveguide modes
and for the rectangular waveguide filled with DNG material

The dispersion characteristics are obtained by plotting equa-

2
tion (38) for z—;‘ versus w within the existence range of the DNG
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metamaterial, as shown in figure (3). This figure shows the
dispersion curves for various TE™ modes i.e. TE 10 7g01
and TE'' modes. Each curve shows two branches separated

2
by a cut-off. The branch of each curve with Z—f > 0 shows
the propagation of electromagnetic waves through waveguide,
2

whereas the branch of each curve with 2—“; < 0 represents non-
propagation region. The frequency separating the propagation

and non-propagation regions is the cut-off frequency, given by

1/2
el IRl

Within 4GHz — 6GHz , the wave propagation is observed
for w < w,, therefore, the waveguide is behaving like a low-
pass filter which is different from a conventional rectangular
waveguide (a waveguide filled with a usual right-handed di-
electric material) for which there is no propagation found in
the frequency range under consideration (see figure (4)). This
property of the proposed structure may be useful as filter, sen-
sor etc., within the microwave frequency band. It is clear from
the graph that the cut-off for various wave modes are different
and TE'? is the dominant mode.

a=008m
2 b=016m
e=1,u=1
TE' - I
0 -
ND ]
L —— F
N}‘G- ‘h'"""--.,__h‘ TE™
-2 -~ TE”
_4 \
4.0 % 10° 45x% 107 5.0 107 5.5% 107 6.0 % 107
w(Hz)
%

Figure 4: A plot of 5 versus w for various waveguide modes
and for the rectangular waveguide filled with DPS material.

To discuss the effect of the dimensions of waveguide on
propagation characteristics, the dispersion relation (38) is again

plotted forz—z versus w for different values of the dimensions
a and b and for dominant mode TE'?, as shown in figure (5).
The dispersion curves show the same behaviour as discussed
in figure (3). It is seen that by increasing the dimensions of
the waveguide, the cut-off shifts to a higher frequency value
and the propagation region of frequency also increases. It can
further be concluded that the cut-off is a function of both, dom-
inant mode and the waveguide dimensions. Such properties of
a waveguide are useful as filters, sensor and maybe helpful in
the development of microwave radars and antennas technology.

4. Conclusion

In this work, a rectangular waveguide loaded with a double-
negative (DNG) metamaterial is proposed to study the propaga-

|TEY™ mode
|F = 0.56,b = 2a
|an, = 4 % 107 Hz
|w, =4 % 10° Hz

«— az = 0.08m
—a; =0.07m

»7; a, = 0.06m

LIN L] S

Véftz
\
l

#
=10 ’

4.0 % 10°

5.0% 107 5.5% 107 6.0 % 107

w (Hz)

4.5% 107

2
Figure 5: A plot of L—i versus w for various waveguide di-
mensions and for the dominant mode TE'? of the rectangular
waveguide filled with DNG material

tion characteristics of the electromagnetic waves. In this con-
nection, the dominant mode is found to be TE'© but the wave
propagation characteristics are much different from a conven-
tional waveguide filled with right handed dielectric. Within the
existence range of a DNG material, the waveguide behaves as a
low pass filter with a cut-off that increases by increasing the di-
mensions of the waveguide. Whereas, conventional waveguide
does not show any propagation for the choice of same dimen-
sions and the frequency band. Thus, for a particular choice of
dimensions, the proposed waveguide maybe used in microwave
applications such as filters, sensors, and isolators etc. within
a frequency range where the conventional waveguide, loaded
with right handed material, does not show any propagation.
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Abstract

For the application of various theories to find a growth model for rubrene, it is essential to analyze the nucleation process during initial
stages of growth. Here we present a study of rubrene deposited by Hot Wall Epitaxy on mica and SiO, using different substrate temperatures
and calculating the island size distribution for each temperature. In order to find a growth model for rubrene we apply scaling theory during

these initial stages of growth.

Keywords:
Nucleation, Scaling theory.

1. Introduction

Impressive new developments using organic materials has
resulted in organic light emitting diodes (OLEDs) [1-4] as well
as flexible devices [5] with the future being of organic solar
cells [6, 7] and organic field effect transistors (OFETS) [8, 9].
However, the efficiency of any such device is compromised by
the low charge carrier mobility. There needs to be intensive
research into the charge transport system in crystalline form of
organic materials [10—18] as well as the defining of models gov-
erning their growth. The attempt to predict the conditions of
optimum growth of rubrene thin films on muscovite mica re-
quires finding of a growth model for rubrene deposition. For
this it is necessary to understand the nucleation process during
the initial stages of island formation followed by application of
different existing theories to the results. Here the scaling theory
[19, 20], first shown by Venables et. al. [21], which has been
successfully applied for formulating a growth model for pen-
tacene [22] is selected and applied to rubrene during the initial
stages of its growth.

2. Materials and Methods

An organic material called rubrene was acquired from Aldrich

and subjected to thermal sublimation for additional purifica-

*Corresponding Author:
aaliya.rehman@gmail.com (Aaliya Rehman)

tion. The substance was 98% pure. After being transferred into
the Hot Wall Epitaxy device, Rubrene was put within a quartz
tube. Acquired from Segliwa GMBH, 15 x 15mm? Muscovite
Mica substrates were manually split in the air prior to being
put into the HWE vacuum chamber. Once a vacuum of 10-
6 mbar was reached, the substrate deposition temperature was
preheated for 15 minutes. With this in situ heat treatment, all
materials that have adsorbed onto the substrate surface are com-
pletely eliminated. Rubrene was then applied on mica (001) and
freshly cleaned SiO, wafer (SiO, coated Si wafer) substrates at
a vacuum of 10-6 mbar. For mica, substrate temperatures of
90°C and 120°C were used, while for SiO,, substrate tempera-
tures of 120°C. In addition to the source temperature, the wall
temperature was always kept at 180°C. The growth durations
of the samples were 1, 2, 4, and 8 minutes. Making use of
atomic force microscopy was utilized to perform morphologi-
cal examinations on regions with dimensions of 10x 10um? and
50% 50um?, using SiC tip. (AFM) images of the deposited or-
ganic thin films with a Digital Instruments Dimension 3100 mi-
croscope in the tapping mode. Fig. 1 shows these AFM pictures
of rubrene applied to SiO, and muscovite mica surfaces. This
series of AFM scans was subjected to the analysis that follows.
One way to determine the island density would be to count the
grains per 10 x 10um?. After a large number of cross sections
were analyzed, the average height of these islands was found.
The distribution of island heights was then computed using this
information.
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(b)

(c)

Figure 1. 10x 10;tm2 AFM images of rubrene grown on mica for 1, 2, 4 and 8 minutes (left to right) at (a) T, = 90°C and (b) T'g, = 120°C and 50><50,um2 AFM

images of (c) SiO, for 0.5, 1, 2 and 4 minutes (left to right) at T'g,;, = 120°C.
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Figure 2. Island size distribution density for rubrene coverages of a few monolayers on mica at (a) 75, = 90°C, (b) Ts», = 120°C and (c) SiO, at Ty, = 120°C.

3. Results and Discussion

The growth rate in the two series of samples was found by
plotting the measured film thickness versus the time of growth
and which gave the corresponding growth rate in monolayers
(ML) per minute. The coverages for all three series of samples
calculated from their growth rates ranged from less than a ML
to around 4 ML’s. Hence the scaling theory which holds for the
first few monolayers of growth, was applied to these samples.

The island size distribution density is calculated from the AFM
micrograph’s frequency count analysis and is plotted for the
first few monolayers of rubrene growth in Fig. 2

We have used the scaling law here and apply it to the island
size distribution density and observe that all the curves collapse
into fi(u) where fi(u) is the scaling function and i is the critical
nucleus size. A critical island size of 2 for Ty, = 90°C and
about 30 for all other cases was obtained by the application
of the rate equation and scaling theory. However, the question
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Figure 3. Scaled Island size distribution of rubrene grown on mica (a) 7', = 90°C, (b) T = 120°C and (c) SiO, at T, = 120°C.

remains whether this theory can explain the growth mechanism
of rubrene if island heights reach many monolayers

4. Conclusion

We have presented the study of the nucleation stage of
rubrene layers which were grown by Hot Wall Epitaxy (HWE)
on two substrates at different temperatures. The plots show an
agreement between model and data in cases of fig. 3b and 3c
where fi(u) = 30. However, this seems too high a value for crit-
ical island size for rubrene. Although we restricted our inves-
tigations to the first few monolayers of rubrene, it is important
to mention that the island heights were much more than that.
Hence, we conclude that the scaling theory cannot be applied
to the investigation of materials which have island heights ex-
ceeding the first few monolayers.
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