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Difficulty in detection of date rape drugs in a drug facilitated sexual assault (DFSA) P . . . . e T . | | | The resulting spectra demonstrate the individualized diffraction patterns, ranging
victim’s system, more specifically their blood, hair, and urine, has been a - . i | from simple to very complex, of the various samples analyzed using X-ray diffraction.
predominant problem investigators and forensic scientists have encountered. After a 10000 Samples were analyzed at angles within the range of 2° to 90° with both the sample

15000 —

holder and detector moving up to 45° each. The scan speed was varied between
10.000 deg/min and 2.000 deg/min. The use of XRD for the purposes of this project
was validated by the results explained best in Figure 7. The chart clearly indicates that
Ketamine peaks can be detected amongst all the other components within the sample.

matter of hours, these fast acting drugs have little chance of being detected with
modern toxicological techniques due to their rapid metabolism by the body. Proving
the use of these drugs can be very hard to establish due to the challenge of
detection. This project utilized X-ray diffraction (XRD) in order to detect and identify
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date rape drugs on various materials. 4000 Figure 5 demonstrates how complex XRD spectra can be. Visual comparison with the
The date rape drugs used for the purposes of this project were Gamma- s000}- - spectra from Figures 1-3 was not enough to find the peaks that represent the

Hydroxybutyric acid (GHB), Chloral Hydrate, Ketamine, Flunitrazepam (Rohypnol), and o I m detection of Ketamine. Utilizing the MDI Jade 9 software, peak tables validated the

MDMA (Ecstasy). XRD has been implemented in many forensic laboratories due to \ | | | | | | . | | outcome that Ketamine was detected in the mixtures using XRD.

low cost, versatility, and the non-destructive nature of analysis. The use of XRD for D oo P betaisen) o e : | 000 | L 0o | oot The Ethanol and Ketamine mixture was prepared so that it simulated a beverage

the purpose of detecting date rape drugs residues on clothing and in containers, such Figure 1: Spectrum of Denim Fabric. The sample was analyzed with a scan range of 2.000 — Figure 2: Spectrum of Confectionary Sugar. The sample was analyzed with a scan range of that had been “spiked” with the date rape drug. A common dosage of Ketamine, in a

as those typically submitted as evidence, was the focus of this project. 90.00 deg at a scan speed of 5.000 deg/min. 2.000 — 90.00 deg at a scan speed of 10.000 deg/min. standard 12 fl. Oz., beverage is 200 mg. This ratio was then exercised in 5 mL ethanol

I by adding the calculated amount of Ketamine. After evaporation, the Ketamine was
Intenzity [counts) ntenzity [counts

_ S0 ' ' ' ' 00 ' ' ' ' able to recrystallize in the residue left behind. The Ketamine was then successfully
i T detected using XRD and the Jade Software, as seen in Figure 6.

_ . . - . Even though these successful results were concluded, it is also important to
Date rape drugs affect the body in many different ways, often magnified when m ] comment on the methods tried that lacked results. It was discovered that GHB would
used in conjunction with alcohol. Date rape drugs are fast acting depressants which ol 1 not work for the purposes of this project due to its hygroscopic property. An initial
cause drowsiness, decreased anxiety, and mental impairment, taking effect within 10 spectrum of the pure drug was unable to be obtained because the drug did not
to 30 minutes of consumption. The difficulty detecting these drugs stems from a - | maintain its crystalline structure when exposed to the atmosphere and therefore was
property called half-life. Half-life is the period of time needed for the body to 200 i not able to be detected using XRD. Small amounts (traces — 0.01 g) of the drugs were
metabolize half the drug, resulting in the quantity of the drug in the body to fall to

, , , _ _ _ Tooo} _ consumed by testing when made into the various mixtures. Due to limited supply of
half its value. After this point the drug will continue to be metabolized and decay at - 1 _ \Jw | Rohypnol and MDMA only initial spectra of the pure drugs were able to be obtained.
an exponential rate.

. . o _ . o : , | , | , | | | : . | . | . | . | No further testing was completed with those two drugs. Chloral Hydrate yielded
The technique of X-ray diffraction is commonly used in the field of forensic science 000 000 et o) oo 0o o P et o) o o results for the dry mixture with confectionary sugar, but when made into a paste the
for the purpose of analyzing solid materials from minute trace amounts to large Figure 3: Spectrum of Ketamine. The.sample was analyzed with a scan range of 2.000 — 90.00 Figure 4: Spectrum of 10% Mixture of Ketamine and Confectionary sugar. The sa.mple was drug would not recrystallize. This indicated a further problem with its detection and
complex mixtures with several different compositions. The method has great deg at a scan speed of 10.000 deg/min. analyzed with a scan range of 2.000 — 90.00 deg at a scan speed of 5.000 deg/min. nothing further was tested
' ing fu w :
versatility because c.rystallmg struct.ure is the only requirement for analysis. I-\/Iater-lals e . | . . . Corresnonding Peck Values The spectra in Figures 1-6 are only a summation of the work completed for this
composed of metallic, organic, and inorganic compounds can be analyzed using this Ser Tconfectionare [ Ketamme T 10% | Derim T Ethana project. Additional spectra and similar conclusions for other samples were also
technique. XRD is non-destructive to the materials bei lyzed, which its th : v
ecnnique. ARL 15 non=aestructive tothe materials being ahalyzed, Which permits the Sugar Ketamine | and and obtained. Ketamine was detected on the three other fabric samples with the paste on
ab'I'Ly of carry:ngbor]t f;thher anlyS'S of the rlnater;]als by otner me’]cchods. [1|’2] bl i Mixture | Paste HEE'T'”E them through analysis with XRD and the application of peak picking and peak table
The principle behind X-ray diffraction involves the crystallinity of a sample IxTure : :
Prinep Y . 4 Y P - . 2-Theta| 2-Theta | 2-Theta | 2-Theta | 2-Theta| 2-Theta comparison with the MDI Jade 9 software.
scattering x-rays. The x-rays produced by the instrument are passed through the 5003 2 331 5185 23t | 537 | 1isia
sample and the ordered arrangement of atoms scatter the x-rays. The constructive bl i 17.786 11.597 11.945 | 11.712 | 11.619 | 13.775
nterference created by the scattered beams moving In phase with each other | - .~ Condusion
ultimately produces a diffracted beam. [3] The ability to distinguish one sample from | | igi E‘E Egi E‘égz Eiag iig
another comes from each compound having a characteristic crystal structure. This 35.917 18.779 19.970 | 18.832 | 16554 | 21.512 The technique of X-ray Diffraction was successfully employed to detect date rape
then results in a distinct and unique diffraction pattern. Diffraction patterns are | 42.641 20.695 21.590 | 19.600 | 18.801 | 23.867 drugs in pure form for this project. XRD and the MDI Jade 9 software was also utilized
influenced by both the intensity and angle of the diffracted beams gathered by the : ' oo ' i ' b0 ' i 45.815 iﬁf i;j;i i::gg Egi i'i: to detect Ketamine in various mixtures. Supplementary knowledge about date rape
. . 2theta [deg.] - . o . . . . .
detector component of the instrument. [4] When the sample diffracts the x-rays, Figure 5: Spectrum of Denim Fabric with 10% Ketamine and Confectionary Sugar Paste. The 4792 7 ec8 | 22904 | 22821 | 28765 drugs was gained when research problems were encountered. This project was able

that are then detected by the instrument, the angle at which they were diffracted is sample was analyzed with a scan range of 2.000 — 90.00 deg at a scan speed of 10.000 27.386 30.873 | 26.517 | 27.463 | 30.786 to demonstrate and give validity to the use of XRD for the purposes of detecting date

what produces unique diffraction peak patterns. deg/min. 28.556 35.203 | 24548 | 28598 | 35456 rape drugs and residues.
30.934 35.555 | 28.616 | 31.961 | 36.797

31.849 37.000 | 30.972 | 33.437
Ell @| 2Theta| did) | BG| Height| Hxz| Area| &% | PwHM |
2 13775 B4Z23 4 17F B2 13739 301 1.344
3 16992 52140 2953 711 28 G110 134 1.461 34.798 41.373 33.000 38.378
; lglgg igggg g??é 12§§1E g; E;gi 132 3231? 35.974 472.981 34.899 40.027
: G 21812 41276 2512 849 33 276 B0 D5 EIT: =00 T 1o | 3363 Additional research will be conducted with the same methods for Rohypnol and
The instrument used for this project was the Rigaku MiniFlex Il Desktop X-ray : s Zan guet s w23 w0 Ge Dl 38300 | 26621 | 27350 | 23612 MDMA. The use of actual alcoholic beverages will be explored by creating mixtures
Diffractometer. The software utilized for analyzing the obtained spectra was MDI L . L 3 o e X% 03 %M s oo 40.006 | 45.970 | 38.440 | 46.631 containing the date rape drugs and ultimately transferring these mixtures onto fabric.
Jade 9. Before every sample was run, a standard silicone test was performed to B ERET S j;'zgi E‘E’i; ﬂ'i:; gigﬁg X-ray diffraction will continue to be utilized in order to detect the date rape drugs and
. . # 2 % . . . . .
ensure the |n.strument was work.mg properly. 3 -_2 17 ele =1 2% | 43676 | 62.607 any residues created.
Four fabric types: denim, white cotton, polyester, and grey cotton (90%) and o, 50.563 52.227 | 46.420
polyester (10%), were cut to cover the 2 x 2 cm well on a zero background sample I 31.306 23.824 | 47.217
holder and mounted using cellophane tape. Individual spectra of the fabric samples 5.0- 223_; :Igi gigi
were obtained and peak tables printed using J,ade' _ 30.0- 1 e ] Figure 7: Chart of Peak Values from the Spectra shown in [1] Kugler, Werner. “X-Ray Diffraction Analysis in the Forensic Science: The Last Resort in
Pure date rape drug samples were loaded into the zero background holder with a : Figures 1-6. The peak values highlighted in yellow Many Criminal Cases.” (2003). JCPDS — International Centre for Diffraction Data.
small circular well about 2 mm in diameter using toothpicks. Spectra were obtained Z 20 : correspond to the peaks that were concluded to be the Retrieved from http://www.icdd.com/resources/axa/vol46/v46_01.pdf
and analyzed using Jade. S : detected peaks of ketamine amongst the various other [2] Rendle, D. F. (2003). X-Ray Diffraction in Forensic Science. The Rigaku Journal, 19(20), 11-22.
Two mixtures of confectionary sugar and drug (Ketamine and Chloral Hydrate) jg? 20.0- : components of the samples. Retrieved from http://rigaku.com/downloads/journal/Vol20.1.2003/forensic.pdf
d to be 10% d ot Aft N fthe t ot B H ¢ < <h . hich is simil h h [3] Bullen, H. “Introduction to X-ray Diffraction (XRD).” Analytical Sciences Digital Library.
werg prepared to be 10% drug mix u.res. er spectra of the two mixtures were . : The pattern for cotton is shown in Figure 1, which is similar to the two other Retrieved from http://www.asdlib.org/onlineArticles/ecourseware/Bullen_ XRD/
obtained, peak tables were found using Jade. These peak tables were then compared : cotton samples. Fabrics analyzed with XRD give patterns of only a few (3-5) peaks, LearningActivity Diffraction_BraggsLaw.pdf
to the pure drug and confectionary sugar peak tables found earlier, in order to assign 100 ' ‘ in comparison to the more complex dry sample spectra. Even though the spectra [4] Abraham, Johny T. “Application of X-Ray Diffraction Techniques in Forensic Science.” Forensic
the mixture peaks as being from the drug or sugar. are considered quite complex, the XRD had the power to distinguish each Science Communications. (2007). 9(2). Retrieved from http://www.fbi.gov/about-
Pastes of the 10% drug mixtures were created using a single drop of water. The o L i component of the sample. Something that could change amongst same sample ;;/Ol;bgfrensm'sﬂggcﬁt'commumcations/fsc/aprilzom/index'htm/researCh/
. ] . . . . Do ey ! E researc nAtm
Ketamine paste was used in further testing by smearing it on the four fabric samples. R a— AL N [ runs was the intensity, measured in counts, of the peaks. This occurred when the -7
. 10 20 30 40 a0 2]l il 20 40
These were then mounted on the zero backgrour-\d holder and tested with the X-ray Figure 6: Spectra and Peak Table analysis of the Ethanol and Ketamine Mixture scan speed was reduced for all the samples. i ' ' ' _
diffractometer. Peak tables were then created using Jade and compared to find the using the MDI Jade 9 Software. This demonstrates how the software was utilized Dry samples of each of the drugs tested yielded clear diffraction patterns with
peal;.s Inl(ljlcatlv.e ;)f Ket?g\lni. " 100098 & Ketarm N ” to fLIJ<rther an:ﬂyzedabll the;amplss. 'Ik'he pez(ajk pc;s'ltrl]qns’.[,hlndl'cakt(le-d ab_l?hve thfi numerous peaks, as shown in Figures 2-5. To simulate the high sugar content of Thank you to the following: the University of New Haven Summer Undergraduate
eakKs, were roun setting a packground, whnichn IS the pinkK line. e sortware i i i 1ti . . e . . .
iy m:\ g/, a:ﬁflx u(rje 0 Tthe a-ni) and 0. - t% de aTmef:N:\s pre::;arek in a Zma Esed s were o inter:/sity cufoff andgrange o aocuratan Sick A astiam oak many rmxed drinks, confectionary sugar was added. Addltlonal peaks that could Research Fellowship Program for their financial support of this project, the Henry C.
ha |C(§|m _Lth. e\llvftroptsto e mlxture v(;/a;s pipette -(cj)n oba h.a dze_;fc:. ac g;outn g e be att'rlbuted to the sugar were observed', Put more importantly the peaks for the Lee College of Criminal Justice and Forensic Sciences for allowing use of the
o- e;.(RDls V\(/jas ek :)ubl 0 evaporste.anoI eao\lle a re5| ue be (ljnt .f. :js;/r\]/as eske const|tu§nt glrugs were unchanged and V|§|ble. These 'drug peaks f':\re clearly instrument, and Norma Hollender-Celico for providing lab supplies and management.
usmg. dana peak ta e-s were obtalned and agaln compared to Tin € peaks showele in Figure 7. Due'to the Ethanf)l mlxture'co'nta'w?lng K.etamlne, the'pattern You were all vital to the success of this project.
resulting from the Ketamine. from Figure 6, through visual comparison, has similarities with the Ketamine

pattern from Figure 3 . The peaks for the pattern in Figure 6 are consistent with
the Ketamine peaks, which is also demonstrated by Figure 7.
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