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Abstract
In many cases, especially those involving sexual assault, forensic scientists are searching the biological evidences such as
blood, skin, hair, saliva, urine, semen for DNA analysis. Recently, the uses of condoms in sexual assault cases were increasing
to avoid leaving the biological traces in the crime scene. In these cases, finding the condom lubricant traces from the victims
can be valuable in sexual assault cases. It has been found that Fourier Transform Infrared Spectroscopy (FTIR) offers a
nondestructive method of polymer identification. FT-IR spectroscopy was the main analytical technique used in majority of
forensic laboratories. In this study, 35 condoms were purchased from various stores in Taiwan to analyze the lubricants. The
results indicated that the majority condom lubricants used were polydimethylsiloxane (PDMS). The infrared spectra database of
lubricants can be used to provide associative evidences between victim and sexual assailants.
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Introduction
In the cases of sexual assaults, it is often found
the physical evidences from the victim such as blood,
semen, hairs, saliva, and urine for DNA analysis. In the
recent years, with the increasing public awareness, the
offender often wore a condom to avoid leaving biological
evidences at the crime scene [1-6]. A vaginal swab may
take from the victim to examine the condom lubricants
even though the small amount of the lubricants can be
found [4,7]. By detecting the condom lubricants, it can
provide valuable intelligence information between the
victim and the suspect. These trace evidences associated
with the use of a condom can originate from the condom
or additional use of lubricants. The components of the
lubricants or additives used on condoms available in
different brands are considerably diverse [5].
Condoms are manufactured from several materials,
primarily synthetic polymers and sheep caecum. But
the majority of condoms are made from latex rubber,
which has the chemical structure cis-1,4-polyisoprene
[8,9]. The major components can be used as the
lubricants on condoms, such as polydimethylsiloxane
(PDMS), polyethylene glycol (PEG), polypylene glycol
(PG), and glycerin, though PDMS is far more common
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[5,10]. Some condom may contain additives that give
the lubricant formula specific desired properties, such as
color, flavors, and perfumes [5,10,11]. In this study, we
found that the majority sold on the Taiwan market are
silicon oil lubricants and non-spermicidal condoms.
Previous researches had been used several
techniques to detect lubricants on condoms, such as
FTIR, high performance liquid chromatography (HPLC),
NMR spectroscopy, Matrix-assisted laser desorption/
ionization-time of flight-mass spectrometry (MALDITOF-MS), Capillary electrophoresis, PyGC-MS, GCMS, and Raman spectroscopy [12]. Maynard et al.
provided the extraction and analytical protocol for
lubricant analysis from cotton swab. They showed that
the infrared spectra may reveal the major type of the
lubricants. For further discrimination of the lubricants or
confirmatory identification test, PyGC-MS, fluorescence
microscopy and fluorescence spectroscopy can be used
[1]. Condom lubricants have been analyzed by capillary
electrophoresis (CE) by Burger et al. They showed CE
can detect and discriminate condom lubricants; however
this instrument is less common in forensic science
laboratories. The limitation of this technique is CE
cannot identify lubricant residues correctly after lubricant
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recovery from the skin and cloth surfaces taken 30
min later [5]. Lee et al. showed that NMR is a method
capable of distinguishing between sexual lubricants used
in condoms by different manufacturers. They developed
the flow chart for differentiation of condoms using NMR
method that could be easily implemented in any forensic
laboratory [8]. However, the sample preparation and
analysis time for NMR are time consuming. NMR
analytical method may not ideal for trace detection
purpose [10].
In Hollenbeck et al.’s research, LC/ESI-MS,
nanoESI-MS and MALDI-FTMS have been shown
to be capable to identifying traces of the spermicide
nonoxynol-9 from internal vaginal swabs taken postcoitus, and in an actual evidence sample [13]. Spencer
et al. had shown that MALDI-TOF-MS is ideal for
detecting condom lubricants and additives, especially
the trace evidences were condom and personal lubricant
residues and their mixtures with biological fluids. This
research also used ATR-IR spectra to find the additives
to the lubricant formula that were either undetectable
or poorly detected in the mass spectrometer. ATR-IR
provided valuable information about the additives found
in PDMS-based lubricants. The research showed that
Infrared spectroscopy can use to support and clarify the
MALDI data [10]. In Campbell et al.’s work, the PDMS
was detected to 1μg from standard solution and from
loaded unused swabs by using PyGC-MS. These levels
were significantly lower than the detection limits of
FTIR. Also they showed that GC-MS was efficient and
sensitive for the detection of PEG [9].
In recent year, FTIR spectrometer is the most
popular instrument in the forensic science laboratory.
FTIR analysis is the standard method for routine
screening of swabs recovered from the sexual assault
with respect to lubricants identification [2,3,12,14].
Blackledge et al. had developed a protocol for the
recovery of latex condom lubricants traces and their
identification. FTIR was used to identify PDMS and
nonoxynol-9. They also used desorption chemical
ionization mass spectrometry (DCI-MS) to compare
the PDMS from different manufactures, the amount of
sample size can down to 20ng of material. PDMS tend
to remain in the vaginal vault and had been successfully
recovered and identified as long as 24 hours after
intercourse [2,3]. In another Blackledge’s research,
he measured the viscosity by using Fourier self-

deconvolution (FSD) method to resolve overlapping IR
spectral bands. He was able to determine the average
chain length of different PDMS polymers. FTIR with
FSD could be used as a preliminary screen to identify
PDMS traces and determine their approximate viscosity
[14].
Raman spectroscopy is a complementary technique
of FTIR. Coyle and Anwar have shown that Raman
spectroscopy is an excellent tool for the screening of
swabs for condom lubricants prior to DNA analysis.
They found the majority of condoms were PDMS
lubricants on the UK market [15]. Wolfe and Exline
also showed that Raman spectroscopy can be accurately
identified the condom lubricants especially PDMS
and nonoxynol-9 (N9). They also showed Raman
chemical imaging can eliminate time-consuming sample
preparation and multi-instrument analysis [12].
Forensic scientists prefer using nondestructive
methods of analyzing trace evidences rather than using
destructive methods. FT-IR spectroscopy is a vibrational
spectroscopic technique used for the nondestructive
identification of molecular species, including polymer.
In the forensic laboratory, trace evidences such as
drugs, explosives, fibers, paints, pigments, inks, gunshot
residues and forgeries and fakes can be analyzed by
Infrared spectroscopy. Several previous researches
[1,2,3,9,14] have shown that FTIR has been a technique
in the forensic science that is sensitive enough to
detect traces of condom lubricants in extracts from
cotton swabs. The purpose of this study is to use FTIR
analyzing the condom lubricants on local market.
Hopefully, the infrared database of the condom lubricants
can provide the information and spectral comparison to
the forensic laboratories in Taiwan.

Experimental
Thirty-five condoms were obtained from
supermarkets, pharmacies or adult shops in Taiwan.
Only 8 condoms were produced from one local
manufacturer in Taiwan, the rest of the condoms were
imported from different countries. The list of condom
samples analyzed in this study is shown in Table 1. The
infrared spectra were collected using a Nicolet Nexus
470 FT-IR spectrometer (Thermo Scientific Madison,
WI, USA) equipped with a germanium crystal ATR
accessory (Foundation Thunderdom ATR). The condom
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lubricants were transferred to the sample stage of the
FT-IR spectrometer by using cotton swabs which were
smeared lubricants on top of the crystal. Each spectrum
comprises 256 co-added scans measured at a spectral
resolution of 4 cm -1 in the 4000-600cm -1 range with
a DTGS (Deuterated Triglycine Sulphate) detector.
Infrared data acquisition and data processing were
achieved through Thermo Electron’s OMNIC E.S.P.
software.

Results and Discussion
Commercially condoms available in the market are
made from latex which had chemical structure of cis1,4-polyisopene (Fig. 1) [8,9,12]. Figure 2 shows the
comparisons of two infrared spectra from the condoms

Fig. 1 Chemical structure of cis-1,4-polyisoprene.

(A)
(B)

Fig. 2 IR spectra of latex condom (A) and cis-1,4-polyisoprene (B).
in this study and cis-1,4-polyisoprene from the infrared
library. Characteristic infrared bands for cis-1,4polyisoprene can be seen at 3030 cm-1 ( asymmetric =CH
stretch), 2965 cm-1 (asymmetric CH3 stretch), 2923 cm-1
(asymmetric CH2 stretch), 2846 cm-1 (symmetric CH3
stretch), 2719 cm-1 (symmetric CH2 stretch), 1666 cm-1
(C=C stretch), 1478 cm-1, 1451 cm-1, and 1378 cm-1 (CH2,
CH3 deformation), 1308 cm-1 (CH2 rock), 1266 cm-1 (CH
deformation), 1128 cm-1, 1093 cm-1, and 1047 cm-1 (CH2
rock), 932 cm-1 (cis CH wag vibration), 889 cm-1, 843
cm-1 (CH2 wag), and 751 cm-1 (cis CH wag). From 35
condom samples in this study, three types of lubricants

can be found: polydimethylsiloxane (PDMS) (Fig 3),
polyethylene glycol (PEG) (Fig. 4) and glycerin (Fig.5).
Of the 35 samples, the majority condom lubricants
were PDMS-based lubricants. Figure 6 shows IR
spectra of sample no. 1 and PDMS from spectra library.
By comparing Fig 6(A) with Fig 6(B), the PDMS
lubricants are characterized by major peaks at 2964 cm-1
(asymmetric CH3 stretch), 1408 cm-1 (CH3 asymmetric
bending), 1262 cm-1 (CH3 symmetric bending), 1086
cm-1 and1020 cm-1 doublet (Si-O-Si stretch ), 869 cm-1
and 795 cm-1 (methyl rocking and Si-C stretch), and 698
cm-1 (Si-C stretch).
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Fig. 3 Chemical structure of polydimethylsiloxane (PDMS).

Fig. 4 Chemical structure of polyethylene glycol (PEG).

Fig. 5 Chemical structure of glycerin.

(A)
(B)

Fig. 6 IR spectra of condom lubricant and reference; (A) sample No. 1; (B) and polydimethylsiloxane.

Identification of Condom Lubricants by FT-IR Spectroscopy 37

Two Durex condoms (sample 5 and 6) having
the same infrared spectra are indicated containing
warming lubricants on the condoms’ packages. The
infrared absorption bands were identified by comparison
with glycerin standard. Fig. 7 shows sample 5 had
characteristic peaks at 3317 cm-1 (O-H stretch), 2934
cm -1 and 2880 cm -1 (C-H stretch), 1420 cm -1 (O-H
deformation), 1330 cm-1 (C-H deformation), 1227 cm-1
(CH2 twist), 1109 cm-1, 1037 cm-1 and 994 cm-1 (C-O
stretch), 922 cm-1 and 853 cm-1 (C-C skeletal stretch) and
637 cm-1 (O-H deformation). From the IR spectra, the
results showed sample 5 and 6 were contained glycerin
water-based lubricants.

The sample 7 condom is described on its packaging
as a non-spermicidal lubricant containing benzocaine
(Fig. 8). Benzocaine, a topical numbing agent, is
often used in climax control or extended performance
condoms [10]. The spectrum of sample 7 showed the
lubricant was PEG-based lubricants. Figure 9 (A) was
showed sample 7 had majority of absorption bands from
polyethylene glycol (Fig. 9 (B)). The absorption bands
were contributed from PEG at 3472 cm-1 (O-H stretch),
2876 cm-1 (symmetric CH2 stretch) , 1462 cm-1 (CH2
deformation), 1348 cm-1 (CH2 wag), 1277 cm-1 (C-H
deformation), 1111 cm-1 (out-of-phase C-O stretch), 953
cm-1 and 843cm-1 (in-plane symmetric C-O-C stretch).
The differences between Fig. 9 (A) and Fig. 9 (B) are

(A)

(B)

Fig. 7 IR spectra of condom lubricant and reference; (A) sample No. 5 and (B) glycerin.

Fig. 8 Chemical structure of benzocaine.
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(A)

*

(B)

Fig. 9 IR spectra of condom lubricant and reference; (A) sample No. 7 and (B) polyethylene
glycol. Asterisk shows the differences between spectra (A) and (B).

(A)

(B)

Fig. 10 IR spectra of lubricants from two different samples; (A) sample No.12; (B) sample No.11.
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indicated by asterisk on Fig. 9 (A). The absorption bands
at 1707 cm-1 (C=O stretch), 1638 cm-1 and 1605 cm-1
(C=C stretch) were contributed from 5% benzocaine.
For those PDMS-based lubricants, sample 12 was
found extra additives in the lubricant. By comparing IR
spectra of sample 11 (Fig 10 B) and sample 12 (Fig.10
A) from the same brand, the Fig.10 (A) had shown the
differences at 3346 cm-1 (O-H stretch), 1478 cm-1 and
1417 cm-1 (CH2 deformation). The result showed that
sample 12 may contain glycol.
Of 35 samples analyzed, three samples were
not PDMS-based lubricants. Of these 3 samples, two
condoms were PEG-based lubricants and one sample
was glycerin-based lubricant. Eight condoms out of

35 samples manufactured in Taiwan which were also
PDMS-based lubricants. Form Table 1, the majority
of condoms sold on the Taiwan market are imported
from different countries. By using infrared spectra, it
is hard to separate those PDMS-based lubricants into
different groups. Even though some of the condoms
indicated special favors, scents and colors, infrared
spectra cannot indicate the differences between them.
Of the samples that cannot be differentiated, inherent
limitations in the IR data analysis and the similarity in
lubricants formulations could partially account for the
lack of complete discrimination ability of FTIR method.
However, FTIR is a good and sensitive technique to
detect very small amount of trace evidences.

Table 1. List of condom samples.
No.

Brand.

Product

Flavor

1
2
3
4

Durex extra safe
Durex ribbed
Durex jeans
Durex Image of fetherlite

N
N
N
N

5

Durex Avanti-ultima

N

SSL International plc

6

Durex pleasuremax

N

SSL International plc

7

Durex perfoma

N

SSL International plc

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

High tide
Stonker
Safeway
Safeway(Ice ﬂu)
Safeway(Thermal)
Sleepless Condom
Playboy Condom
OKAMOTO
Superex condom
Safe condom
Lovecats condom-apple
Lovecats condom-grape
Lovecats condom-mint
Lovecats condom-strawberry
Lovecats condom-pink ﬂat
Lovecats condom-pink dots
Fulex condom-enchting
Fulex condom-trust
Fulex condom-chapsou
Fulex condom-ribs & dots
Relax condoms
Miracle pleasure ribbed
Hanarum darly-strawberry
Hanarum cherry
Dihsun condom
Pleasurer-repperminnt
Pleasurer-lemon ﬂavor
Pleasurer- chocolate flavor

Non-spermicidal lubricant
Non-spermicidal lubricant
Non-spermicidal lubricant
Non-spermicidal lubricant
Non-spermicidal lubricant
Containing warming lubricant
Non-spermicidal lubricant
Containing warming lubricant
Non-spermicidal lubricant
Containing Benzocaine

Manufacturer/
Supplier
SSL International plc
SSL International plc
SSL International plc
SSL International plc

N
N
N
N
N
N
N
N
N
N
Y
Y
Y
Y
N
N
N
N
Y
N
N
N
Y
Y
N
N
Y
Y

Taiwan Fuji Latex
He-kai

Non-spermicidal silicone oil lubricant

Silicone oil lubricant
Silicone oil lubricant
Silicone oil lubricant
Silicone oil lubricant
Non-spermicidal silicone oil lubricant

Non-spermicidal lubricant
Non-spermicidal silicone oil lubricant
Non-spermicidal silicone oil lubricant

Non-spermicidal silicone oil lubricant
Non-spermicidal silicone oil lubricant
Non-spermicidal silicone oil lubricant
Non-spermicidal silicone oil lubricant

Yi-shun
Yi-shun
Yi-shun

Chaoci
Taiwan Fuji Latex
OKAMOTO
Taiwan Fuji Latex
Taiwan Fuji Latex
Taiwan Disyun
Taiwan Disyun
Taiwan Disyun
Taiwan Disyun
Taiwan Disyun
Taiwan Disyun
Taiwan Fuji Latex
Taiwan Fuji Latex
Taiwan Fuji Latex
Taiwan Fuji Latex
Karex industries
Condom world
Condom world
Condom world
Condom world
Condom world
Condom world
Condom world
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Conclusions
Condom lubricants have very strong absorber
in the mid-range infrared spectral region and can be
identified with FTIR instrumentation found in most
forensic laboratories. It may not sufficient to distinguish
the polymer have the similar structures. This study
indicates that most commonly lubricants used on
condoms were PDMS. Of 35 samples, 32 samples
were PDMS-based lubricants. Of the remaining three,
two were PEG-based lubricants, and one was glycerinbased lubricant. A database of IR spectra of condoms
has been established in Central Police University. This
database must be continually updated to be useful in
the forensic laboratories in Taiwan. It has shown to be
a useful technique to analyze condoms as well as trace
evidences in the forensic laboratory. This preliminary
study provides a basis for further research to develop
other techniques for condom lubricants classification.
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