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LASER RAMAN SPECTRA OF DIMETHYLNITROSAMINE (DMNA) IN H20

INTRODUCTION

DimethylInitrosamine (DMNA) is an intermediate product in one synthe-
tic route to the manufacture of the rocket fuel unsymmetrical dimethyl-
hydrazine (UDMH). Since DMNA is highly toxic, U.S. Air Force operations
which involve UDMH pose a personnel hazard (2). Recently, Thomas (4)
has utilized laser Raman spectroscopy as a means of detecting and measur-
ing trace amounts of DMNA in Hp0. The investigation presented here is
a fallout from the laser Raman DMNA feasibility study.

Levin et al. (1) have previously reported the liquid and solid phase
Raman spectra for DMNA, and Williams et al. (5) have studied DMNA dis-
solved in carbon tetrachloride and dibromomethane. A more recent study
by Rademacher and Littke (3) included more solvents, but agreed with the
work by Williams et al. (5). These three papers discuss the spectral
properties of DMNA and assign its vibrational spectrum under various
experimental conditions. With the present availability of high-power,
variable-wavelength laser excitation sources, many unusual and informa-
tive results have been documented. It is the purpose of this study to
examine the polarization effects of DMNA in H20 and to inve?tigate the
intensity distribution of the spectrum from 550 to 1550 cm~' of DMNA as
a function of excitation wavelength and laser power.

EXPERIMENTAL METHOD

Reagent grade dimethylnitrosamine was obtained commercially and used
without purification. A 1% solution was made with distilled water under
a N2 atmosphere and stored in a light protective container. There is no
indication in the literature to support any contention that DMNA is sen-
sitive to visible radiation.

Raman spectra were recorded using a Cary model 82 Raman Spectropho-
tometer; a Spectra-Physics model 170-03 argon-ion laser was used as an
excitation source. Figure 1 is a schematic of the entire Raman system.
The laser beam is directed to the sampling area by a series of prisms
and slits. The prisms serve two purposes: the first is to direct the
beam from the laser head to the actual sampling area, and the second is
to function as a secondary selector of the laser wavelength reaching !
the sample. The slits serve to isolate the particular excitation wave- i
length from nonlasing emission lines. At the sampling area the beam !
is focused down to a diffraction Timited spot which is coincident with ;
the image of the monochromator. Light scattered at 90° is collected by
a series of lenses and is focused onto the entrance slit of the mono-
chromator. The monochromator consists of three gratings: the first
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two act to disperse the incoming light, while the third grating acts as
a rejection filter for stray light. Light from the exit slit is focused
onto a cooled ITT FW-130 photomuitiplier. The output from this is fed
into a photon counting device, and eventually to a strip-chart recorder
for display. A quartz cuvette was used as a sample container. Figure 2
shows the cuvette cell and its orientation with respect to the incident
and collected, scattered light. The cuvette is quartz with optical
flats on all four sides and bottom; the top has a Teflon stopper. The
laser beam enters the bottom and exits at the top of the cuvette. Light
scattered at 90° is collected by the transfer optical system leading to
the entrance slit of the monochromator. The polarization of the incom-
ing beam is directed perpendicular to the entrance of the monochromator;
the polarization of the scattered light is controlled by an analyzer and
polarization scrambler. The scrambler is used to compensate for the
polarization characteristics uf the gratings, Three laser excitation
wavelengths were used: 5145, 4965, and 4880 k. Laser power was variable,
and levels at the sample were measured and adjusted between 0.5 and 2.0
watts using a Cary laser power meter. Each sample was used for several
days of experimentation and monitored for spectral changes. No changes
were detected even after 2 watts of exposure. It was thus assumed that
sample integrity was maintained, and no decomposition had occurred.

RESULTS AND DISCUSSION

Figure 3_shows the background Raman spectrum for Hp0 for the region
0 to 4000 cm-1- Only one prominent band appears in the region of inter-
est; this is the deformation vibration at approximately 1650 cm-1. How-
ever, at high_gain levels there is considerable background scattering
below 800 cm~! resulting from the librational modes of Hy0. Thus, for
any weak solute band in this region, detection can prove to be quite
difficult. Figure 4 shows the_polarized Raman spectra of 1% DMNA in H20
for the region 500 to 1500 cm~1. Table 1 summarizes the polarization
results from this measurement. The depolarization ratios were obtained
by standard methods. Peak height intensities were used; intensity in
the perpendicular orientation (I,) was divided by the intensity in the
parallel orientation (I“ ) to give the depolarization, p = I,/I, . The
(I, ) spectrum was obtained with the analyzer oriented so as to allow
on*y light polarized in the same direction as the incident 1ight polar-
jzation. The (I.) spectrum was recorded with the analyzer rotated to
allow only the perpendicular component to pass through to the monochro-
mator. Figures 5, 6, and 7 show the Raman spectra of ]% DMNA in water
at the excitation wavelengths of 5145, 4965, and 4880 A, respectively.

Spectra of 1% DMNA in H20 were recorded at various laser power
levels as a check on possible decomposition at high power levels and
for the possibility of observing higher order effects on the vibrational
frequencies. Laser power levels of 1, 2, 3, and 4 watts were used in
recording these spectra; at the sample, this corresponded to approxi-
mately 0.5, 1, 1.5,and 2 watts, respectively. Under different excita-
tion levels the spectral properties of DMNA remained unchanged. Decom-
position would be characterized as new bands in the spectrum, shifted

2




:
¥

=

DMNA bands, changes in band shape, and possibly disappearance of DMNA
bands. Noie of these characteristics appeared even after several days of
illuminating the same sample. Different (fresh) samples behaved in a
similar fashion. These results ruled out the possibility of decomposi-
tion under laser irradiation at these wavelengths. This supports the
fact that there is no literature reference relating to the decomposition
of DMNA under visible radiation. Thus, even under 2 watts of illumina-
tion DMNA in H20 appears to be quite stable and exhibits its normal
vibrational spectrum.

The polarized spectral results agree with the results for neat DMNA
as reported by Levin et al. (1). A1l bands in this region seem to be
polarized which supports a molecular symmetry of Cy rather than the gas
phase symmetry of Cc. This might be expected since in solution phase
the gas phase struc%ure is no longer present. In Ho0 two resonance
structures are present:

CHy CHy
+ -
;:>N -N=0 ;::N =N-0
CH3 CHy
(A) (B)

These types of resonance forms would tend to give a Tinear N-N-O moiety.
In solution there should exist considerable dipolar coupling (long-range
ordering) which would lower the symmetry to C1. Thus, the polarized spec-
tra indicate that DMNA in H20 has lost its gas phase symmetry C, and

now retains only the trivial symmetry of Cy.

Table 2 summarizes the relative peak intensities obtained for the
four strongest bands in the region 550 - 1550 cm~!. The bands are 1384,
1085, 847, and 688 cm~!. These bands may be described as follows: 1384
(CH3 symmetric deformation), 1085 (N-N stretch), 847 (C-N symmetric
stretch), and 688 (0-N-N bend). The intensity ratios were calculated in
the_usual fashion. The intensity of the medium strong H20 band at 1650
cm-1 is invariant under different excitation wavelengths and power levels,
and thus was used as a reference band in comparing peak height_intensi-
ties. For example, the peak height intensity for the 1384 cm-1 band was
measured for 514 K excitation and divided by the peak height intensity
for the 1650 cm~! Hy0 band at 5145 A. This gave ratios independent of
DMNA with a more accurate representation of any change which might have
occurred due to instrumental variation. In the spectrum there are
essentially three scattering levels. Beyond 1850 cm-1 toward higher cm-1,
scattering levels remain quite low. From 1850 to 1500 cm-1 the scatter-
ing leve] increases slowly; it remains fairly constant between 1500 and
1000 cm-1. Again there is a rise between 1000 and 550 cm-!, and past
550 cm-1 there is a dramatic rise in scattering. The main contribut?ry
cause of the scattering comes from the two bands for Hy0 at 1650 cm=
(a deformation mode), and at 470 cm~! (a librational mode). The scatter-
ing level here is independent of the excitation wavelength. The two bands
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at 1384 and 1085 cm~1 did not change in intensity f?r the three excita-
tion wavelengths used; however, the 847 and 688 cm~! bands did change.
Although all experimental parameters were maintained constant except
excitation wavelength, the intensities for these two bands decreased for
the shorter wavelengths. The intensity change for 847 cm-1 was 0.13 and
for the 688 cm~! band was 0.25; this is well outside of experimental
error. The other two bands were within 0.02 of their three values.

Since scattering levels did not appreciably change, the results appear

to indicate some intensity enhancement through a preresonance or reso-
nance condition. In the free molecule DMNA does not possess any elec-
tronic absorption close to the visible region. However, because of the
resonance structures and the reasonable possibility of dipolar coupling,
structures could exist which might support a lower energy state. This
could -then lead to resonance enhancement of some of the vibrational modes
of DMNA. Further explanations with more definitive answers are possible
only Sfter a complete identification of the various structures of DMNA

in Hp0. :

CONCLUSION

Evidence from this experiment indicates that high laser energy leyels
will not noticeably alter the vibrational spectrum of DMNA dissolved in
Hp0. However, the particular wavelength chosen for excitation could
possibly yield intensity enhancement through resonance Raman or prereso-
nance Raman for some vibrational modes. This must be considered when
measuring intensity changes and especially for concentration measurements
applied to analytical determinations.
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{ TABLE 1. DEPQOLARIZATION RATIOS FOR THE FOUR PRINCIPAL BANDS
OF 1% DMNA IN H,0
i Vibrational
i frequency Depolarization
: e (cm-1) ratios
5 Ty 1384 | 0.23
: 1085 0.27 |
. 847 0.12
s |
: : 688 0.08
P . : TABLE 2. INTENSITY RATIOS FOR THE FOUR PRINCIPAL BANDS OF 1% DMNA
1 ! IN Ho0 FOR DIFFERENT EXCITATION WAVELENGTHS
F {
Vibrational
frequency Laser excitation wavelength (A)
(cm-1) 5145 4965 4880 |
1384 2.50 2.50 2.48 ]
1085 0.90 0.88 0.88 |1
7% Y ©0.69 0.61 0.56

688 1.14 1.00 0.89
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; Figure 1. Schematic of laser Raman system.
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— QUARTZ CUVETTE (OPTICAL FLATS ON
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1% DMNA IN H20
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DIRECTIONS OF POLARIZATION OF
SCATTERED LASER BEAM THAT

CAN BE ANALYZED

~ FOCAL REGION (ONLY PHOTONS SCATTERED
WITHIN REGION ENTER SPECTROMETER)
IMAGE SIZE, LENGTH = 5 mm

WIDTH = 0.081 mm

R 272272, 77 7777

DIRECTION OF POLARIZATION OF
f INCIDENT LASER BEAM

Figure 2. Cuvette cell used in measurements and its orientation
with respect to the incident and scattered laser beam.
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Figure 4.
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Polarized Raman spectra of 1% DMNA in H20 (excitation = 5145 A;

laser pgwer level = 1.5 watts at sample; spectral bandwidth
= 3 em~!; gain = 8500 counts/sec; period = 5 sec; scan speed

= 0.6 cm~1/sec; spectrum A = I1; and spectrum B =1 ).
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EXCITATION = 545 A

L Il 1 i - L 1 1

L | CENRNTUS 1 1
1850 1750 1650 1550 1450 1350 1250 1150 1050 950 850 750 650 550
FREQUENCY (cm™')

Raman spectrum of 1% DMNA in H,0 (laser power level
= 0.5 watts at sample; spectral bandwidth = 3 cm-1;
gain = 10,000 counts/sec; period = 2 sec;

scan speed = 0.6 cm-1/sec).
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EXCITATION = 4965 A

1 ke A1 L 1 l ik 1 | 1

[N | i
1850 1750 1630 1550 1450 1350 1250 W0 1050 850 850 750 650 550

FREQUENCY (cm ')

Raman spectrum of 1% DMNA in Hp0 (laser power level
= 0.5 watts at sample; spectral bandwidth = 3 cm-1;

gain = 10,000 counts/sec; period = 2 sec;
scan speed = 0.6 cm-1/sec).
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EXCITATION = 4880 A
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1950 1750 1650 1550 1450 1350 1250 NS0 WS %0 80 0 60 5%

Figure 7. Raman spectrum of 1% DMNA in Ho0 (laser power level
= 0.5 watts at sample; spectral bandwidth = 3 cm-1;

gain = 10,000 counts/sec; period = 2 sec;
scan speed = 0.6 cm-1/sec).
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