
(19) United States 
US 20020033944A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0033944 A1 
Sharts et al. (43) Pub. Date: Mar. 21, 2002 

(54) METHOD AND APPARATUS FOR 
DETERMINATION OF CARBON-HALOGEN 
COMPOUNDS AND APPLICATIONS 
THEREOF 

(75) Inventors: Clay Marcus Sharts, San Diego, CA 
(US); Vladimir Semenovich Gorelik, 
Moscow (RU); C. Albert Borgerding, 
legal representative, San Diego, CA 
(Us) 

Correspondence Address: 
SHEKHAR VYAS 
Fish & Richardson P.C. 
Suite 500 
4350 La J olla Village Drive 
San Diego, CA 92122 (US) 

(73) Assignee: San Diego State University, California 

Related US. Application Data 

(63) Continuation of application No. 09/343,148, ?led on 
Jun. 29, 1999, noW Pat. No. 6,307,625, Which is a 
non-provisional of provisional application No. 
60/091,090, ?led on Jun. 29, 1998 and Which is a 
non-provisional of provisional application No. 
60/138,643, ?led on Jun. 10, 1999. 

Publication Classi?cation 

(51) Int. Cl? ............................ ..G01J 3/44; G01N 21/65 
(52) US. Cl. ............................................................ ..356/301 

(57) ABSTRACT 
A method and apparatus for determination of ?uoroorganic 
compounds in liquid, gaseous, or crystalline or amorphous 
solids is based on the detection of carbon-halogen bonds by 
laser Raman spectroscopy. The method and apparatus pro 
vide a general method for detecting and determination of 
halooorganic compounds. The method and apparatus are 
applicable in the pharmaceutical industry, in ?uorinated 
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corporation drug research and manufacturing; in the medical and clinical 
studies of the effects of ?uoroorganic compounds; in the 

(21) Appl, No,: 09/947,312 environmental and agricultural studies and screening, in the 
analysis of Water, soils and air contaminated With ?uoroor 
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METHOD AND APPARATUS FOR 
DETERMINATION OF CARBON-HALOGEN 

COMPOUNDS AND APPLICATIONS THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of United States 
Provisional Patent Application No. 60/091,090, ?led Jun. 
29, 1998; United States Provisional Patent Application No. 
60/138,643, ?led Jun. 10, 1999, and United States Patent 
Application No. 09/343,148, ?led Jun. 29, 1999. 

TECHNICAL FIELD 

[0002] This invention relates generally to measuring and 
testing by dispersed light spectroscopy With Raman type 
light scattering, and more particularly to Raman spectros 
copy for the determination of carbon-halogen and ?uoroor 
ganic compounds. 

BACKGROUND 

[0003] Qualitative and quantitative analysis of ?uoroor 
ganic compounds is an important practical task. Fluoroor 
ganic compounds are Widely used in the pharmaceutical 
industry. About one-third of all neWly patented drugs contain 
carbon-?uorine (C-F) bonds. Examples of ?uorine-contain 
ing drugs are the anticancer drug Fluoracil (C4H3FN2O2, 
S-?uorouracil), antidepressant drug ProZac® (C17H18F3NO, 
?uoroxetine) and painkiller Dalmane (C21H23C1FN3O, ?u 
raZepam). Per?ubron (C8F17Br, brornoper?uorooctane) is an 
oxygen-carrier in a formulation noW undergoing clinical 
trials as a blood substitute. Many agricultural chemicals and 
pesticides also contain carbon-?uorine bonds. 

[0004] Chemical analysis for drugs can be done by iso 
lating the drug and then measuring concentrations of com 
pounds. This approach can be expensive. Alternatively, 
knoWn chemical compounds can be labeled With radioactive 
elements to form tracers. The radioactive compounds and 
their metabolites can be folloWed in the body or tissues by 
observing emitted radioactivity. HoWever, making and dis 
posing of radiolabeled compounds is also expensive. These 
expenses can be found in many drug development programs. 

[0005] Accordingly, the inventors have determined that it 
Would be useful to accurately and inexpensively identify 
?uoroorganic compounds. The present invention provides a 
method and apparatus for achieving this object. 

SUMMARY OF THE INVENTION 

[0006] The invention is directed to an apparatus and 
method for detecting the presence of compounds having 
carbon-halogen bonds using Raman spectroscopy. The 
method detects any carbon-halogen bond, and is particularly 
useful in detecting carbon-?uorine bonds. 

[0007] In one aspect, the method uses pulsed laser Raman 
spectroscopy to detect carbon-halogen bonds, using an effect 
of inelastic scattering of light. A sample is irradiated from a 
noncontinuous periodic pulse light source, such as a metal 
vapor laser. Raman scattered light emitted from the sample 
is then detected to determine if a characteristic Raman 
scattered light spectrum for a compound having a carbon 
halogen is present in the sample. 
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[0008] In another aspect, the apparatus for Raman spec 
troscopy includes a noncontinuous periodic pulse metal 
vapor laser and a monochromator for visible and ultraviolet 
light. The apparatus also includes a detector for detecting the 
emitted Raman scattered light and a pulse recording system 
to eliminate primary ?uorescence associated With the 
sample. 
[0009] In yet another aspect, the invention is directed to a 
method for detecting a ?uoroorganic compound that 
includes exposing a sample to an excitation light source and 
measuring a frequency of an acoustic mode of the com 
pound. The method also includes measuring a frequency of 
an optical mode of the compound and detecting a shift in the 
optical and acoustic mode frequencies. The molecular length 
of the compound is approximated as a function of the shift 
in frequencies to determine the presence of the ?uoroorganic 
compound. 
[0010] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0011] FIG. 1 is a schematic draWing of a Raman spec 
trometer in accordance With a preferred embodiment. 

[0012] FIG. 2 is a Raman spectrum of C8H17Br (bromop 
er?uorooctane) and C8H18 using the spectrometer of FIG. 1. 

[0013] FIG. 3 is a Raman spectrum of C9F19COOH 
(C1OHF19O2; bromoper?uordecanoic acid). CQH2O (nonane, 
a hydrocarbon) using the spectrometer of FIG. 1. 

[0014] FIG. 4 is a Raman spectrum of C6H3(CF3)3[1,3, 
5-tris(tris?uoromethyl)benZene] and CGH6 (benZene) using 
the spectrometer of FIG. 1. 

[0015] FIG. 5 is a Raman spectrum of a commercial 
preparation of ?uoxetine hydrochloride using the spectrom 
eter of FIG. 1. 

[0016] FIG. 6 is a schematic draWing of a resonance 
Raman spectrometer in accordance With a preferred embodi 
ment. 

[0017] FIG. 7 is a resonance Raman spectrum of irradiate 
per?uorodecalin shoWing a di?uoromethylene absorption. 
The top spectrum is an unprocessed resonance Raman 
spectrum of per?uorodecalin (C1OF18). The bottom spectrum 
is a partially processed resonance Raman spectrum of per 
?uorodecalin. 

[0018] FIG. 8 is a resonance Raman spectrum of 1-bro 
moper?uorooctane using the spectrometer of FIG. 6. 

[0019] FIG. 9 shoWs structures of some commercially 
useful ?uoroorganic compounds. 

[0020] FIG. 10 shoWs structures of various compounds 
having Raman spectra. 

[0021] FIG. 11 illustrates Raman spectra of CnF2n+1Br for 
n=6, 7, 8, 9, 10, 14 in the region 0-1500 cm_1. 

[0022] FIG. 12 illustrates the dependency of Raman spec 
tra on the unit length of a molecule in the loWer frequency 
region LAM. 



US 2002/0033944 A1 

[0023] FIG. 13 illustrates the dependency of Raman spec 
tra on the unit length of a molecule in the higher frequency 
region LOM. 

[0024] 
cies. 

[0025] FIG. 15 illustrates the Raman spectra of a tWo 
component mixture of CnF2n+1Br obtained at three concen 
trations of components at a Raman signal for a CF2 bond. 

[0026] FIG. 16 illustrates the Raman spectra of a tWo 
component mixture of CnF2n+1Br obtained at three different 
concentrations of the components at a characteristic Raman 
signal in the loWer frequency region LAM band. 

FIG. 14 illustrates experimental Raman frequen 

[0027] Like reference numbers and designations in the 
various draWings indicate like elements. 

DETAILED DESCRIPTION 

[0028] In general, the invention is directed to a method 
and an apparatus for determining the presence, in a sample, 
of compounds having carbon-halogen bonds and, in particu 
lar, carbon-?uorine bonds. The method uses pulsed laser 
Raman spectroscopy to detect carbon-halogen bonds, using 
an effect of inelastic scattering of light. The apparatus 
includes a metal-vapor laser source and a pulse recording 
system, to permit the recording of Raman signals for carbon 
halogen bonds. 

[0029] The invention is based on a principle different from 
most organic chemistry analyses, i.e., analysis by bond 
rather than analysis by compound. The method of the 
invention does not identify a compound; rather the presence 
of a carbon-halogen bond is determined, using the carbon 
halogen bond as a chemical tracer. In particular, the method 
detects all types of carbon-?uorine bonds. 

[0030] The method is useful for analysis of ?uoroorganic 
compounds at 10-3-10-6 g/L (ppm-ppb level) for pharma 
ceutical, biological, medical and biomedical applications, 
and for environmental analysis of Water, soils and air con 
taminated With such compounds. Full development of reso 
nance Raman technology may lead to detection at better than 
parts per billion levels. The invention usefully reduces the 
operational costs for analysis of ?uoroorganic compounds 
(being less expensive than current methods based on extrac 
tion and compound isolation, With identi?cation by chro 
matography or mass spectrometry), and makes such analysis 
more rapid. 

[0031] The apparatus of the invention has several advan 
tages for the observation of the Raman spectra of ?uoroor 
ganic compound. Aperiodic pulse vapor-metal laser source, 
such as copper-vapor or gold-vapor lasers, is used for 
sample excitation. Metal-vapor lasers are characteriZed by 
an ability to produce short and poWerful pulses in the visible 
and ultraviolet region. These lasers are able to produce 
pulses of light With high peak and average operating poWer 
With air cooling. 

[0032] Analysis for a carbon-?uorine bond rather than for 
a ?uoroorganic compound speci?cally is possible because 
organic ?uorine compounds With a carbon-?uorine bond are 
rarely not found in nature. Except for a feW rare exceptional 
compounds found in a feW plants or microorganisms (e.g., 
sodium ?uoroacetate and ?uorooleic acid, both found in 
certain plants in Africa), carbon-?uorine bonds generally do 
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not exist in natural products (Key et al., Environmental 
Science and Technology 31:2445-2454, 1997). Conse 
quently, ?nding a carbon-?uorine bond in any system means 
an arti?cial compound exists in the sample. Additionally, all 
knoWn biologically produced ?uorinated organic molecules 
contain only one ?uorine atom. If a ?uorinated compound is 
found in or found on biologically derived animal or veg 
etable material, the compound is almost certainly arti?cial, 
not natural. If a ?uorinated compound is injected or ingested 
by a vegetable or animal biological material, any ?uoroor 
ganic compound found must be the material injected or 
ingested or be a metabolite of the material injected or 
ingested. The carbon-?uorine bond is strong and generally 
cannot be modi?ed biologically. This means that the carbon 
?uorine bond can be used as a tracer group because the bond 
does not alter state When exposed to biological processes. 

[0033] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have substantially the same meaning 
as commonly understood by one of ordinary skill in the art 
to Which this invention belongs. Although many methods 
and materials similar or equivalent to those described herein 
can be used in the practice or testing of the present invention, 
suitable methods and materials are described beloW. 

[0034] All publications, patent applications, patents, and 
other references mentioned herein are incorporated by ref 
erence in their entirety. In case of con?ict, the present 
application, including de?nitions, Will control. In addition, 
the materials, methods, and examples described herein are 
illustrative only and not intended to be limiting. 

[0035] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, the 
draWings, and from the claims. 

[0036] Raman Spectroscopy 

[0037] An authoritative book (Wolverson, in An Introduc 
tion to Laser Spectroscopy, AndreWs & Demidov, Eds., 
Plenum Press, NeW York, 1995, pp. 91-114) concisely 
de?nes Raman spectroscopy as folloWs: “Raman spectros 
copy is the inelastic scattering of light by a material; the 
Word ‘inelastic’ implies that energy is transferred betWeen 
the light quanta and the material, so that the scattered light 
may have a longer or shorter Wavelength than the incident 
light. The study of light scattered from a particular material 
is therefore termed Raman spectroscopy and is of interest 
because, as Will be seen, information can be gained about the 
structure, the composition, and the vibrational or electronic 
states of the scattered material. Raman spectroscopy is a 
large ?eld, With many variations on the basic technique and 
With many neW applications being found each year.” An 
older, alternative description of the Raman effect and Raman 
spectroscopy may be found in other sources, e.g., Spectros 
copy Source Book, Science Reference Series, McGraW-Hill, 
NeW York, 1988, pp. 145-151. 

[0038] The intensity of normal Raman peaks of the fre 
quency of incident light is described by Skoog & Leary 
(Principles of Instrumental Analysis, 4th edition, Saunders 
Publishing, Philadelphia, 1992, p. 301) as folloWs: “The 
intensity of poWer of a normal Raman peak depends in a 
complex Way upon the polariZabiliy of the active group, as 
Well as other factors. In the absence of absorption, the poWer 
of the Raman emission increases the fourth poWer of the 
frequency of the source; hoWever, advantage can seldom be 
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taken of this relationship because of the likelihood that 
ultraviolet radiation Will cause photodecomposition. Raman 
intensities are usually directly proportional to the concen 
tration of the active species. In this regard, Raman spectros 
copy more closely resembles ?uorescence than absorption, 
Where the concentration-intensity relationship is logarith 
mic.” 

[0039] The teaching of the quoted authors bears impor 
tantly on the use of pulsed metal-vapor lasers. Conventional 
Raman spectroscopy using a continuous Wave Nd:YAG laser 
does not have suf?cient energy in the incident light to cause 
?uorescence. Because the intensity of the Raman signal is 
proportional to the fourth poWer of the frequency of incident 
light, and therefore inversely proportional to the fourth 
poWer of the Wavelength of incident light, the signal strength 
of the inelastically scattered light is about 16 times greater 
at the Wavelength of 510.6 nm (copper-vapor laser) than at 
the conventionally used Wavelength of 1064 nm (Nd:YAG 
laser). Other lasers operating With higher energy continuous 
Wave light (such as argon at 488.8 and 514.5 nm, krypton at 
647.1 nm, and helium-neon at 632.8 nm) cause photode 
composition of samples, as described by Skoog & Leary, 
above. When any compound in a sample mixture gives 
primary ?uorescence, then observation of Raman spectra of 
the sample is severely limited. In contrast, by using a pulsed 
laser at about 10,000 HertZ and a very short pulse Width of 
about 12 nanoseconds, samples do not undergo the photo 
decomposition discussed by Skoog & Leary, above. Using a 
pulsed copper-vapor laser permits elimination of inherent 
?uorescence by using a timing-gate for the detector. The 
invention thus uses higher energy incident light to give a 
much stronger signal. 

[0040] Apparatus 

[0041] The Pulsed Laser Raman Spectroscopy of the 
invention is achieved using non-continuous periodic pulse 
vapor metal laser sources and by using a stroboscopic pulse 
recording system. Suitable lasers include copper-vapor or 
gold-vapor lasers. Alternatively, any pulsing light source 
such as a solid state light source or a light bulb can be used. 
The apparatus can be a modi?cation of copper-vapor and 
gold-vapor lasers that have been used to provide energy for 
tWo-photon excitation of a compound. (Gorelik et al., J 0ur 
nal ofMolecular Structure 266:121-126, 1992; Gorelik & 
KoZulin, Quantum Electronics (Russia) 21:499-501, 1994; 
Gorelik & Zhabotinskii, Quantum Electronics (Russia) 
24:273-275, 1994). In Gorelik’s tWo-photon excitation stud 
ies, exciting light Was green (510.5 nm) or yelloW (578.2 
nm) from the copper-vapor laser or red (627.8 nm) from the 
gold-vapor laser. The goal of these studies Was the produc 
tion of primary ?uorescence in the ultraviolet and blue 
ranges of the spectra. The above studies did not contemplate 
Raman spectroscopy of the carbon-?uorine bond. For 
Raman spectroscopy, efforts are made to eliminate primary 
?uorescence and to collect only the inelastically scattered 
Raman light. For resonance Raman spectroscopy, a fre 
quency doubling crystal is required. 

[0042] Metal-vapor lasers are air cooled or Water cooled 
and consume only about 1-2 kW of electrical poWer. These 
lasers may have a coef?cient of efficiency of about 1%. The 
air-cooled copper-vapor laser operates at an average poWer 
of about 1-10 Watts. This means that metal vapor lasers 
operate more ef?ciently and cost less to operate than many 
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other laboratory lasers. Thus, the laser can be combined With 
other commercial components to produce an inexpensive 
Raman instrument for obtaining Raman spectra of ?uoro 
organic compounds. A Raman instrument can be designed 
for spectral range of about 550-900 cm_1. The instrument 
can also be designed for a range of about 500-1500 cm_1. In 
this case, the instrument may be capable of presenting 
detection in the normal 1000-1400 cm'1 vibrational range of 
the carbon-?uorine bond. 

[0043] FIG. 1 illustrates a Raman instrument 100 that 
includes a metal-vapor laser. Suitable lasers include a cop 
per-vapor or a gold-vapor laser. The Raman instrument 100 
also includes a mirror 102 With dielectric and highly re?ec 
tive coating to ef?ciently re?ect a generated laser radiation, 
and a photodiode 103 for collecting a laser radiation. The 
instrument 100 also includes an electronic unit 104 (e.g., a 
stroboscopic generator) and a condensing lens 105 that 
focuses a laser beam on the sample 106 to be analyZed (the 
sample 106 not being a component of the apparatus). Con 
densing lenses 107 and 108 are used to focus beams on the 
spectrometer slit after passing through the sample 106 and 
an absorbance ?lter 109 is used to pass a Raman emission 
signal (secondary radiation). The Raman instrument 100 
also includes a single or double monochromator spectrom 
eter 110, a detector of secondary radiation 111 (e.g., a 
photomultiplier), a pulse recording system 112 controlled by 
the stroboscopic system 104, and, optionally, a computer 113 
for data collection and processing and for management of 
the spectrometer 110. The spectrophotometer 110 may be a 
single, double, or triple monochomator for the visible and 
ultraviolet region of the spectra, equipped With a photomul 
tiplier 111 and sensitive photon-counting detector system 
112. The high energy laser 101 pulses irradiate the ?uoro 
organic sample 106 and also activate a device 104, to form 
a strobe-impulse used to synchroniZe the pulse recording 
system 112. Samples preferably are placed into cylindrical 
quartZ cuvettes having parallel WindoWs (not shoWn). 
Raman spectra is observed at 90° With respect to the incident 
pulse by using a single or double monochromator 110 With 
a single channel detection. When irradiated, the sample 106 
emits pulsed Raman radiation and also scatters part of the 
incident Raman pulse. The absorbance ?lter 109 removes 
scattered radiation and passes the pulsed Raman radiation to 
the spectrometer 110. Signals are photomultiplied and sent 
to a synchroniZed pulse recording system 112. To obtain 
ultraviolet radiation (255.3 nm; 271.2 nm and 289.1 nm), a 
doubling crystal, such as BaB2O4, or a tripling crystal, can 
be used. 

[0044] A suitable laser 101 that can be used With the 
apparatus is designed and manufactured at Lebedev Institute 
of Physics (Russian Academy of Sciences, MoscoW, Rus 
sia). One such laser is a 3-Watt or 10-Watt Russian-designed 
air-cooled copper-vapor laser manufactured by the Lebedev 
Physics Institute. A stroboscopic generator 104 that can be 
used With the instrument 100 is also designed and manu 
factured at Lebedev Institute of Physics (Russian Academy 
of Sciences, MoscoW, Russia). The spectrophotometer 110 
can be any standard monochomator or a commercial product 
such as a J obin-Yvon U1000 double monochromator Raman 
spectrometer. Preferably, this spectrophotometer is modi?ed 
to permit observation of the spectra of ?uoroorganic com 
pounds as shoWn in FIGS. 2-8, beloW. The optical ?lter can 
be a GUI-6 absorption optical ?lter. The monochromator can 














