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It has been a long time since aromatic plants and aromatic materials have been used in
perfumery.Therefore, production of perfume flask had become noticeable among craftsmen and artists.
The use of plants and other aromatic substances in perfumery has been possible by obtaining their
essential oils. The production of perfumes are mainly derived from plants such as roses, cloves and
saffron, incense and sandalwood and plant gums. Amber, musk and Azfar were also taken from some
animals such as Gazelle and Amber fish. Perfume flasks are little containers made by a variety of
different materials that have been shaped or embellished by standard technology and ornaments of their
historical period. Glass has been one of the most favorite materials to make a perfume flask through the
time. This research gives a brief overview of the history of perfumery, from the Achaemenid era to the
first centuries of the Islamic era. Then it analyzes remained materials inside the five glass containers,
which are considered to be perfume bottles, from the Parthian period to the first centuries of the Islamic
era. These glass perfume bottles are kept in the Glassware and Ceramic Museum of Iran currently.

This analysis has been done by Coupled gas chromatography with mass spectrometer in the gas
chromatography laboratory of Research Institute of Medicinal Plants and Drugs, Shahid Beheshti
University. The main composition which has been detected and identified are waxes, cholesterol, and
natural fatty acids. Due to its sensitivity, speed, versatility, and ability to identify traces of compounds in
a mixture, the GC-MS technique's application is a brilliant method for archaeological organic chemistry
and can be applied to analyse any substance containing volatile organic compounds expected. In two
samples of our collection, residual perfumes were extracted.For this test, the containers were first washed
with n-hexane solvent and the solution was transferred into the sampling dishes for transfer to the
laboratory. On the day of sampling, the objects were selected from the samples which were photographed.
Then, through a Pasteur pipette, about 2 ml of n-hexane was placed in the dishes and the material was
washed by rotating and the extract transferred into the pipette and prepared for the analysis by
evaporating of hexane. It should be noted that n-hexane solvent has no destructive effect on the objects
and because of its high volatility, immediately it will be disappeared completely and there is no trace of it
in the container.Gas chromatography coupled with mass spectrometry (GC-MS) is a powerful tool for
separation and identification of natural and chemical materials. In this method, after the initial
preparation, the components of a mixture are injected into the device through a special syringe in the
amount of half a microliter of the tested solution. The materials are separated based on the difference
between the boiling point and interaction with the chromatographic column, will be entered into the
lonization Mass Spectrometry source, because of generating powerful electric and magnetic fields, the
mixture’s components will be identified quantitatively and qualitatively based on their electrical charge to
mass ratio (m/z). For this analysis, 1 to 3 mg of the sample was taken and 1 ml of KOH hydroalcoholic
solution (potash alcohol) was added and then subjected to alkaline hydrolysis at 60 ° C for 3 hours. After
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hydrolysis, the neutral organic components were extracted with n-hexane. Then, according to the internal
standard, injection of the solution was analyzed in GC-MS. It was then interpreted based on comparisons
of components and reference materials with library items and mass spectrum. In order to identify the type
of fatty acid compositions, GC-MS equipped with a DB-5 column with a length of 30 m and an inner
diameter of 0.25 mm and a thin layer thickness of 0.25 um was used. The oven temperature was increased
from 60 °C to 250 °C at velocity of 5 °C/min and was kept at 250 °C for 10 minutes. Helium carrier gas
with a flow rate of 1.1 ml/min was used and 70-eV electrons was used for ionization and a mass range
was from 43 to 456 amu. In order to analyze the essential oil using gas chromatography coupled with
mass spectrometry, the components were identified. The components and compounds were identified by
the use of various parameters such as retention time (RT) and retention index (RI), study of mass
spectrum and comparing the spectrum with standard compounds and basic data in the GC-MS database
by Xcalibur Software. The relative percentage of each components of the essential oil was obtained
according to the area under the curve in the GC. Based on the chromatogram table, the following results
were obtained:Sample 1 (Table 1, Figure 1), the perfume flasks from the Arsacid era: the most important
compounds identified in container No. 1 including the paraffin compounds, cholesterol (animal-based
oils), vegetable oils, and fatty acids and waxes. Also, an important substance in the solution obtained
from washing was flavonoid. It is a polyphenolic substance which is found in the extract obtained from
the petals and pollen of plants. Sample 2 (Table 2, Figure 2), a semi-thin blue glass container, probably
from the Arsacid era: the most important components identified include an essential oil, wax and fatty
acid. Sample 3 (Table 3, Figure 3), a thin glass container probably from the Sassanid era: the most
important compounds identified include fatty acids such as palmitic acid, stearic acid and linoleic acid.
Such materials indicate that this container has been in contact with vegetable-base oils and 80% of the
substances identified in this container are fatty acids. Sample 4 (Table 4, Figure 4), a semi-thin glass
container from the first centuries of the Islamic period: there are only paraffin materials such as wax and
beeswax and do not contain any fatty acids. The most important substance in this sample is natural
linalool, which is classified as a perfume. Example 5 (Table 5, Figure 5), the perfume flask with base
from the first centuries of the Islamic period: the most important compounds identified are plant-based
fatty acids, paraffin compounds or waxes, and phthalate compounds.According to the tests performed in
two case studies (samples No. 2 and 4), aromatic substances and essential oils are present in the identified
compounds. It shows that natural perfumes and essential oils can actually stay in the glass and the
adsorption of glass is very high for keep of such materials. Except for sample No. 4, other samples
contain a variety of fatty acids and proved that such glasses were used as preservative objects. Wax can
be seen in all samples. Fats have been identified in various forms such as cholesterol (animal base oil),
palmitic acids (plant base fats) and paraffinic substances.

Keywords: GC-MS, material analysis, perfume bottle, Parthian period, Sassanid period, first centuries of
Islamic period
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Figureure. 1A: The perfume bottle, Glassware & Ceramic Museum of Iran (Photo by the authors)
1B: The chromatogram of solution resulted from sediments in the glass container no.1 analysied by GC-MS
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Table 1: The chemical composition of solution extracted from sediment of the glass container no.l

No Components Retention time | Retention index | Composition (%)
1 | hexadecanoic acid 14-methyl mettyl ester 26.32 1918 0.86
2 | octadecenoic acid methyl ester 30.08 2119 0.89
3 | - (unknown component) 31.3 2185 1.37
4 | peseudo phytol 33.19 2295 22.99
5 | ethanol 2-(octadecycloxy) 33.86 2357 2.96
6 | 4,6-Cholesstadien-3-ol 34.46 2406 5.74
7 | Cholestrol, myristate 35.33 2447 9
8 | pentacosane 36.62 2513 12.26
9 | 2methyl-pentacosane 36.86 2534 33.6
10 | 7,3'4'-trimethoxy-Quercetin 37.09 2554 10.32
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Figure 2A: The perfume bottle, Glassware & Ceramic Museum of Iran (Photo by the authors)
2B: The chromatogram of solution resulted from sediments in the glass container no.2 analysied by GC-MS
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Table 2: The chemical composition of solution extracted from sediment of the glass container no.2

No Components Retention time | Retention index | Composition (%)
1 | decane 5.01 1000 40.89
2 | delta-3-carene 6.28 1015 2.45
3 | undecane 7.16 1098 3.09
4 | dodecane 9.6 1199 4.62
5 | 2-methyl-dodecane 11.62 1245 2.52
6 | tridecane 12.17 1301 2.15
7 | 2,3,58-tetramethyl-decane 12.79 1335 151
8 | tetradecane 14.65 1400 1.39
9 | 4,6-dimethyl dodecane 16.16 1459 1.84
10 | - (unknown component) 16.84 1487 3.72
11 | 2,6-11-trimethyldodecane 16.97 1492 9.85
12 | 2,6,10,15-tetramethyl-hexadecane 17.06 1497 1.91
13 | 2,6,11,15-tetramethyl-hexadecane 18.03 1538 5.16
14 | - (unknown component) 194 1592 1.85
15 | phytane 20.19 1631 141
16 | - (unknown component) 21.64 1697 3.95
17 | - (unknown component) 21.76 1702 1.12
18 | 2,6,10,15-tetramethyl-heptadecane 21.84 1706 7.07
19 | 2,6,11,15-tetramethyl-heptadecane 22.77 1752 1.8
20 | 2,6,11,14-tetramethyl-heptadecane 26.23 1922 1.72
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Figure 3A: The perfume bottle, Glassware & Ceramic Museum of Iran (Photo by the authors)
3B: The chromatogram of solution resulted from sediments in the glass container no.3 analysied by GC-MS
LgLQ..\...m‘ o0l G:L...JL_MJ QL..S): &)))"W oY Jj..\>) Y 2.’5.0.) ﬁ‘;ﬂ"l“’ﬁ; )‘ OMT Cowd Jﬁ“\> wl.m‘ »
St oyl oaimo ylis Mals Slgo cpl il oo ol Sdgid g al SO Hlin] gl Sl s >

3l Oz awnl g ssdpab lae G CisH3002 (olowds Jse,8 L methyl myristate :0 6l Sy
Sl 0als 28l Jolore ol 0 LYFE Oy sl (0l

5 il 02y w2 S ojled diged j0 aS wliwe Sl Sl I Slaie g0 He Y g P 5Ll Sy
S0 135 ygus 70,10 5 sl SCodly YFLE e Joloe ol jo s (LS 5l cadand 5 slaal
el ool 8l

4 ogd oo 8L LS o Cldgd Jewe el CioH30r olands Joo 8 b Slded 4 85lels Sy
ol Glitie 9§ Sdgd awnl oolgls & Glae Glgd Joo 098 oo ooliiwl odiddpab paie lgie
el oo C8l Joloee ol 0 IVV0 0 Gy awsl cpl 5l ol

S TV sl el el Gy sl SO CagHas02  pleords Jao,8 b ol SCdgl 1) e 5,leds Sy
Sl 0als S8l Joloe ]


https://pubchem.ncbi.nlm.nih.gov/search/#query=C15H30O2

295 (635 (B eleg S gy A codlwl 590 Cawsti gladouuw B SIS 5,90 31 (gladionds slaylo ylac 40 ouilouBl dlgo (o Lwlil [YF

5 ST S J5 5 lyliwl Lt el CraHas0s (sloons Uy b sl Skl 1) 8 Lo Sy

<> Ju.m‘ U"“ )‘ w‘ )...o:z.? M‘)S )\3 ).’}Q 9 (5-\M OIQA 9 o..\.‘..fgg,a.a.c..\.«o J.ALC QBMLSA uﬁl.a 5-\5;0-7'-’
sl s 2l Jalme ol y 2T

No Components Re:m'gon Rei;e:;)i(on Com(e;;ition
1 | decane 5.01 1001 12.92
2 | tetradecane 14.67 1395 3.66
3 | 2,4-di-tert-buthyl-phenol 17.64 1521 1.96
4 | heptadecane 21.84 1706 0.71
5 | methyl myristate 22.25 1726 2.46
6 | 7-hexadecanoic acid methyl ester 25.87 1907 5.10
7 | methyl palmiate 26.33 1927 34.60
e B R I
9 | linoleic acid methyl ester 29.52 2070 11.50
10 | methyl oleate 29.62 2077 17.41
11 | Stearic acid methyl ester 30.11 2095 7.21
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Figure 4A: The perfume bottle, Glassware & Ceramic Museum of Iran (Photo by the authors)
4B: The chromatogram of solution resulted from sediments in the glass container no.4 analysied by GC-MS
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Table 4: The chemical composition of solution extracted from sediment of the glass container no.4

No Components Retention time | Retention index Com(p())zsltlon
1 | decane 5.04 1000 39.18
2 | linalool 6.32 1081 8.61
3 | undecane 7.19 1101 6.58
4 | dodecane 9.62 1202 34
5 | tridecane 11.64 1209 2.81
6 | 2,3,58-tetramethyl-decane 12.81 1320 3.68
7 | pentacosane 16.98 1498 9.34
8 | 2,6,11-trimethyldodecane 18.04 1538 5.79
9 | phytane 21.85 1706 9.39
10 | eicosane 22.77 1790 3.76
11 | docosane 26.23 1895 3.26
12 | 2,6-11,15-tetramethyl-hexacosane 27.06 1970 4.18
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Figure 5A: The perfume bottle, Glassware & Ceramic Museum of Iran (Photo by the authors)
5B: The chromatogram of solution resulted from sediments in the glass container no.5 analysied by GC-MS

No Components Retention time Retention index Composition (%)
1 | methyl palmitate 26.36 1920 6.84
2 | Dioctyl phthalate 29.37 2074 17.48
3 | mono (2-ethylhexyl) phthalate 29.51 2088 6.53
4 | 9-Octadecenoic acid (Z)-, methyl ester 29.66 2096 7.25
5 | octadecanoic acid methyl ester 30.11 2121 2.24
6 | docosane 31.77 2212 1.49
7 | - (unknown component) 34.49 2408 0.34
8 | - (unknown component) 35.36 2449 2.73
9 | silicat anion tetramer 35.96 2476 1.06
10 | Bis(2-ethylhexyl) phthalate 36.63 2514 5.74
11 | isooctyl phthalate 36.97 2544 0.48
12 | hexacosane 37.98 2621 4.18
13 | squalen 38.7 2661 41.11
14 | diisooctyl ester phthalic acid 38.94 2674 1.17
15 | - (unknown component) 39.34 2697 0.53
16 | 2-Monostearin trimethylsilyl ether 39.49 2705 0.81
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