‘AD-A148 328 NOBILITY AND MOLECULAR I10NS OF DIMETHYL METHYL
\ PHOSPHONATE METHYL SALICYL.. (U)> ARMY ARMAMENT RESERRCH
i AND DEVELOPNENT COMMAND ABERDEEN PROVI.. D M NORAK
L ' UNCLASSIFIED JUN 83 ARCSL-TR-83856 F/G




- T €t RS, A AL R AN K AWV S AR SR A A AR S A oM A 4 At lat gt igh S (il ook P en i A R LR RN WA
PR P T T S .

2

s = w k2 go2 '
o =ik
Yo £ fl20
2 TR =
AN L] . et

a0y = 1.8

) a4 I.25

Hi2s s pis

v
s MICROCOPY RESOLUTION TEST CHART
ﬂ.j NATIONAL BUREAU OF STANDARDS [96+¢ A

..
y’, L% \"\u‘-.-.-»\,"'y . %1% » T T ¢ T AT U \.’s..._-’-#-._-‘,- .*..-._.._.....‘_.._.J_. et Tt T T e e e e T

- falt et
— P PR N )




AOEAELELER CEILAEL UMM LALLM AL LI EACHEUMMCL A SR L SHAAN .-. T TR PR A A
-~ e M
o .
.. -
A

i
L CHEMICAL @

-~ SY STEMS US Army Armament
l.a Bo Rﬂ To RY Research and Development Command

Aberdeen Proving Ground, Maryland 21010

TECHNICAL REPORT
ARCSL-TR-83056

MOBILITY AND MOLECULAR IONS OF
DIMETHYL METHYL PHOSPHONATE,
METHYL SALICYLATE, AND ACETONE

By

ADA140328

Daniel M. Nowak

&}‘J‘

June 1983

X2

SRRah [REEREEY. &

7

27

DTIC

ELECTE
APR20 1384 :

Approved for public release; distribution unlimited.

4 04 A0 po!

OTIC FILE copy

e

e A Ay
[ Y )
e (A

A
b SRR o

L]
L)
~
"

$ Y




OF A PR SN o) - AE 4N AL e AN AN A . ’ ot Sal i Su et it i b jhan e s /ORI A R e i A A R R ‘.'

P
*l
PR

i

Disclaimer
. The findings in this report are not to be construed as an official Depart-
! ment of the Army position unless so designated by other authorized documents.
Disposition

3
?S Destroy this report when it is no longer nceded. Do not return it to
the originator.

)
K
ORI S

.
.
.

{
1
LA ]
d

e S PRI Rl TV ¥ S ',".- "y LT P P T R SN SRR YL UK S SO L e I R L I PR PR R e R O [
. Ll dda . FEN N ‘ , v e e e F TN e e WAL NN ]




AL GAANIUOLEACLEGURACL EA LS \.‘-'-,‘-_ LA ST AR TR s A A A e e hC R

G _UNCLASSIFIED

_'l: SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

3 REPORT DOCUMENTATION PAGE BEFoGE COMPLEING FORM
N 1. REPORT NUMBER 2. GOVY ACCESSION NO.JJ 3. RECIPIENT'S CATALOG NUMBER

{ ARCSL-TR-83056 AQL A'q o z'f

( 4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
7 MOBILITY AND MOLECULAR IONS OF DIMETHYL Technical Report

fj METHYL PHOSPHONATE, METHYL SALICYLATE, January - May 1983

'«-j AND ACETONE 6. PERFORMING ORG. REPORT NUMBER
.

1-3 7. AUTHOR(as) 8. CONTRACT OR GRANT NUMBER(s)

N Daniel M. Nowak

; 3. PERFORMING ORGANIZATION NAME AND ADDRESS 10, PROGRAM L M N T e ns ' | ¢
- Commander, Chemical Systems Laboratory

o~ ATTN: DRDAR-CLJ-IR 1L162706A553-H

Aberdeen Proving Ground, Maryland 21010

‘J 11. CONTROLLING OFF|CE NAME AND ADDRESS 12. REPORT DATE

XN Commander, Chemical Systems Laboratory June 1983

x ATTN: DRDAR-CLC-CP 3. NUMBER OF PAGES

“~ Aberdeen Proving Ground, Marvland 21010 43

-: 3. MONITORING AGENCY NAME & ADDRESS({f different from Controlling Oftice) 1S. SECURITY CLASS. (of thia report)

N UNCLASSIFIED

". 1Sa. :?CEEEL‘;SEIEFICATION/DOVNGRAD!NG
X N/A

:: 16. DISTRIBUTION STATEMENT (of this Report)

-4

Approved for public release; distribution unlimited.

o~

“4

-~

g 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, 1t different from Report)
!

\0

i

\] 18. SUPPLEMENTARY NOTES

_ 19. KEY WORDS (Continue on reverse side if necessary and identily by block number)

o~ Ion mobility spectrometry Acetone

.. Molecular ions Methyl Salicylate
3 ;| Mobility
- ; Dimethyl methyl phosphonate (DMMP) = <y,

ABSTRACT (Continue an roverse side if neceesary and Identify by block number)

~The mobilities of ositive and negative rcactant ions arc reported
for (H0) HY; (HjO?bOf and (H30)7C0% ion clusters. The formation
of positive DMMP monomer and dimer is reported, and equilbria
molecular reactions are reported. Acctone is reported as forming
a dimer at 81 ppb with a reduced mobility (Kg) of 1.82. Methyl
salicylate is shown to form a protonated and hydrated positive
monomer. Mixtures of DMMP and methyl salicylate with acetonc

(
DD "2 EDITION OF ! MOV 63 1S OBSOLETE ~

AN T UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entere.f)




p—y

RS

=

LSS

e

V)

AN

7

vy

i~ VAN AN

ANXX

JINCLASSIEIED

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)

20. ABSTRACT (continued)

gséhowed a substantial change in DMMP ion clustering and little or
no change in the methyl salicylate mobility spectra. Negative
ions were not observed for DMMP, methyl salicylate, acetone and
the mixtures under the conditions reported.

-~ UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)
* .

A i o YR v s S YO

Ao ) N

S G G
W ELELR RS

M7 DO AR SN




B

" P’ e P -
X4
SABOY,

-~

-
ﬁf\'lﬁl
L4 %

e

SOV
AN

7

F A

' A

S IIIASS

A o A i

&l |

:3.;0." -{
b Y "

ve

B S

W e W, BWLT 3 a e T W W € e N a VAT a e u¥a TSR ST T TR T T TRONNS, e e & YO R

PREFACE

The work described in this report was authorized under project
1L162706A553-H. This report was started in January 1983 and
completed in May 1983.

The use of trade names in this report does not constitute
an official endorsement or approval of the use of such commerical
hardware or software. This report may not be cited for purposes
of advertisement,

Reproduction of this document in whole or in part is prohibited
except with permission of the Commander, Chemical Systems Laboratory,
ATTN: DRDAR-CLJ-IR, Aberdeen Proving Ground, Maryland 21010.
However, the Defense Technical Information Center and National
Technical Information Service are authorized to reproduce this
document for US government purposes.

Acknowledgments

The assistance of Dr. D. Shoff, Jr. and Mr. J. Parsons is
acknowledged. Chemical analysis, gas generation, and daily operations
were conducted efficiently and their assistance was invaluable.
Additionally, the assistance of Dr. S. Harden in discussions
of peak assignments and loan of the MMS-290 for these studies was
greatly appreciated.

Accession For
NT1s GRA&L
DPTIC TAT

s A
Upaonenmess

]
0

sy
Lot

_ iv o
Justh o4 b

e e

BY o= =

pistritation/ ]
Vﬁ;iailability godes |
T iavall and/or

Dist \ Special




BLANK

NE




CONTENTS

Page

1, INTRODUCTION . . . ¢ ¢ ¢ v v v v 6 4 o o o o o o o o |
2. THEORY. . . . . . . ¢ v ¢ v ¢ o v e e e e e e e e e e e e 7
3. MOBILITY SPECTROMETRY . . . . . . . . ¢« ¢« ¢ ¢ v ¢« o « ¢ « 9
4. REACTANT AND PRODUCT ION MECHANISMS . . . . . . . . .. 10
5. INSTRUMENTATION . . . . . & & ¢ v v o v v v e o v e e e e a s 13
6, EXPERIMENTAL . . . &+ & ¢ o v ¢ ¢ ¢ o o s o o o o o o v o v o 14
7. RESULTS . . . ¢« 4 ¢ ¢ ¢« v v 6 e s o v s o o o o s o o 4o o o o 15
7.1 Reactant Ions. . . . . . . . . . ¢ ¢ v v v v v v v v v v . 15
7.2 DMMP . . v v v v e ot e e e e e e e e e e 21
7.3 Acetone . . . . . . . v i vt h e e e e e e e e voe . . 24
7.4 DMMP/Acetone . . . . v ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o s o o o o s 24
7.5 Methyl Salicylate . . . . « ¢ ¢ ¢« « ¢ ¢ ¢ ¢ ¢ et 0 0. . W 31
7.6 Methyl Salicylate/Acetone. . . . . . . N R . .31
8. CONCLUSION . . . v v v ¢ v vt s o o o s o o o o o o o o v o o 31

LITERATURE CITED . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o ¢ s s o e o . o« 37 ¢
DISTRIBUTION LIST . . . «. « « « . e e e e e e e e e e e e 39
LIST OF FIGURES

1 Ion Mobility Spectrometer . . . . . . . . . e o s e s e s e e e 9
2 Mobility (Drift Time) Spectrum. . . . . . . « + ¢ « ¢« ¢« ¢ o « « 10
3 Operation of IMS. . . . . e e e e e e e C e e e e e e e e e 11
4 MMS - 290. . .. ... e et e e e e e e e e e e e e e e e . . 13
) Positive Reactant Ion Mobility . . . . . . . . . .. .. ... .. 16

PO SRS LAl SRt

P I I I 3 4 W




Rt |

[y l‘\...
AR AARA

y

b SR

L]

.
‘e

.
-

.

10
11
12
13
14

15

16

17

18

19

20

LIST OF FIGURES (Continued)
Page

Positive Reactant Mass Spectrum. . . . . . . . . . « . « « . . . 17
Negative Reactant Jon Mobility (Peak Values are K o) ....... 18
Negative Reactant Mass Spectrum . . . . . . . . . . . . . ... 19
Tuned Ion, Positive Mobility, DMMP, 0.5 ppb . . . . . . . . .. 22
Tuned Ion, Positive Mobility, DMMP, 0.5 ppb . . . 23
Positive Mass Spectrum, DMMP, 0.5 ppb. . . . . . . . 25
Tuned Ion, Negative Mobility, DMMP, 0.5 ppb. . . . . . . . 26
Positive Mass Spectrum Acetone, 81 ppb. . . . . . . . . .. . 27
Positive Ion Mobility: Acetone, 81 ppb (14a); DMMP, 0.5 ppb
' and Acetone, 81 ppb (14b) . . . . . . . . . . ... .. L. 28
Positive Mass Spectrum, DMMP, 0.5 ppb and Acetone,

3 T o) o) +J0 S 29
Tuned Ion, Positive Mobility, DMMP, 0.5 ppb, Acetone,

2 o o o T 30
Tuned Ion, Positive Mobility, Methyl Salicylate,

17ppb. . « . ¢ v o 0o e e e e e e e e e e e e 33
Positive Mass Spectrum Methyl Salicylate,

I + )« .« T 34
Positive Mobility Spectrum, Methyl Salicylate, 17 ppb

and Acetone, 8l ppb . . . . . « « ¢ v it it i e e e e e 35
Positive Mass Spectrum, Methyl Salicylate, 17 ppb

and Acetone, 81 ppb. . . . . . . . e e e e e e e e e e . 36

LIST OF TABLES
Page .
Positive Reactant Ions. . . . . . . . . . . . ... .. .... 20
Negative Reactant Ions . . . . . . . . . ... ... ......21
Positive Ions of DMMP /Acetone. . . . . . . . . e e e e e e .. 28
6




ShAARAY o ¢
- A DRI
‘.:.::..ls))d:. ‘A :

v
ff.
v Y e

3

RO
b'. ".n-'.l’

)

e

Xi

¥ n. S
DLAA
JJ.'I

)
.,

«r
L

»
>

-
)

vl

MOBILITY AND MOLECULAR IONS OF
DIMETHYL METHYL PHOSPHONATE, METHYL SALICYLATE,
AND ACETONE

1. INTRODUCTION

Ion Mobility Spectrometry (IMS), also called Plasma Chromatography, is \
an analytical technique used to detect, identify, and quantify trace quantities
of organic vapors in gaseous mixtures. IMS is recognized as a simple technique
for identification of specific organic molecules without using cumbersome, ex-
pensive mass spectrometers. Previous work has shown excellent detection
sensitivity for trace quantities of pesticides,® TNT,’ nickel carbonyl,® and
phosphorus esters.* Extensive work by several researchers over the past
decade has demonstrated the utility of mobility detection for a variety of organic
compounds.3'® Detection of 10" grams of nitrosamines has been reported.
Positive reactant ion studies were reported by Karasek, et al,® and mass identi-
fied mobility spectra of (H,0)H*, NO*, (H,0) H' and (H,O)N:H* were reported.
Negative reactant ions were reported by Spangler and Collins® and 0,™, (H;0), ,
and CO,~ are proposed.

" A detailed review of IMS theory, applications, and chemistry will pot
be made here; but texts by McDaniel and Mason, !’ Bowes,!! and Ausloos!? pro-
vide excellent background information. Several reviews!3'1:15:16:17 proyide
summary information on IMS technology and instrumentation.

The current work used an MMS-290 Ion Mobility Mass Spectrometer to
determine mobilities of dimethyl methyl phosphonate (DMMP), methyl salicylate,
and acetone. Mixtures of acetone/DMMP and acetone/methyl salicylate were
studied and the effect on molecular ion formation and mobilities are reported.
Both positive and negative mobilities are reported for each compound and mix-
tures with acetone. The molecular ions contributing to each mobility were mass
identified using a quadrapole mass spectrometer

2. THEORY

Ion Mobility Spectrometry is based on the drift, or time of flight, of
molecular ions in a host gas in the presence of a uniform electric field. The
physical basis for IMS is the diffusion and mobility of gases.

The diffusion of gases is defined by Fick's law
Jd = -DVn, (Equation 1)

where n is the number density of ions; D is the scalar diffusion coefficient;
and J is the ionic flux density.

Molecular ions in a uniform gas at constant temperature and pressure
will diffuse uniformly in all directions in the host gas if the ion density is
small enough to ignore coulombic forces. The flow of ions under these condi-
tions is from the higher concentration of ions to a lower concentration (negative
in equation 1). The ionic flux density (J) is the ease with which ions flow, or
diffuse, in the host gas and is the number of ions flowing through a cross-
sectional area normal to the direction of flow ner unit time. Therefore, D is a
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joint property of the ions and the host gas. The velocity, V, of the diffusing

ions is
J=nvV . (Equation 2)

Therefore, Fick's law is rewritten as

-DVn . ’
n (Equation 3)

V =

Now consider the same conditions of temperature, pressure, ion density,
and host gas with a weak electric field applied to the gas mixture. The electric
field induces electromagnetic lines of force on the ions. The drift velocity,

V4, of the ions is now greater than the diffusion velocity and is proportional
to the electric field, E.

v daE (Equation 4)

The drift velocity becomes

Vd =KE (Equation 5)

when the constant of proportionality, K, for the mobility of ions is applied.
The drift velocity is the distance, d, the ions travel per unit time, t. Substi-
tuting and rearranging equation 5, the mobility is

d

K==% ) (Equation 6)

Both mobility and diffusion are a joint property of the ions and the host
gas. The relationship of diffusion and mobility was first recognized by Nernst
in 1888 and later by Townsend and Einstein and is expressed as

K = eD ,
KT (Equation 7)

where e is the ionic charge (1.6021 x 10™'? coulombs); k is Boltzman's constant

3 (o)
(1.3806 x 10-2sioule/ Ky: and T is temperature (°K).

If K is expressed in units of cm?/volt sec, D as cm?/sec and e and k
are substituted, equation 7 becomes

D

— u S—— L]
K = 1.1605 x 10° — (Equation 8)

Mobility is usually expressed as reduced mobility at standard temperature and
pressure. Therefore. the reduced mobility, Ko, for equation 6 becomes

KooB 203 . P 213 4
760 T 760 T tE , (Equation 9)

and equation 8 becomes

N
-_1.1605 x 10 D _ 42.51 D

Ko 373%K : (Equation 10)




3. MOBILITY SPECTROMETRY

The theory of ion mobility has resulted in many designs of drift tubes
for generating ions and measuring the time of flight. Despite these various
designs, experimental data are correlatable when reduced mobilities are calculated
and mass spectrometer identification of ions is used. The ion mobility spectro-
meter used in this experiment is schematically shown in figure 1 and is part
of the MMS-290 system.

VACUUM 700 CC /MIN

) K 7 COLLECTOR
<! o
SAMPLE GAS _L._,T__s‘__.. -

ON MOLECULE_J D
= : ~~—REACTION_RE RECION RIFT REGION 'FAST
200 CC/MIN ~

|| ELECTROMETER
IONIZER \‘—ﬁ \ AMPLIFIER
N1-63 \\
' {i
SHUTTER ZERO AIR
GRID DRIFT GAS
500 CC/MIN

Figure 1. Ion Mobility Spectrometer

Air, or the sample gas, is drawn into the ionizer region and is ionized
by 60 kev Beta rays from a radioactive Ni63 source. The ionized molecules
flow through the reaction region under the influence of an electric field generated
by rings surrounding both the reaction and drift regions. As the ions reach
the closed shutter grid they are neutralized. If negative ions are under study,
the shutter grid has a positive potential. A negative shutter grid potential
is used for positive ion studies. The shutter grid is pulsed open for approxi-
mately 0.1 millisecond and a cross section of the air and ions flow into the drift
region. The grid again closes cutting off additional flow of ions into the drift
region. The pulse of ions drift down the drift region under the influence of
the electric field and separate into distinct packages or a front of ions. This
separation is due to the different velocities and is defined by equation 5.

As the separated ions reach the collector, they are detected by a fast
electrometer, and a current is generated directly proportional to the number of
ions. The time of flight of the separated ions from the shutter grid to the
collector, the fixed distance of travel, and the applied electric field are the
parameters used to calculate ion mobilities using equation 9. A stylized mobil-
ity (drift) spectrum is shown in figure 2. The processes of ionization, reaction,
cxtraction, and separation are shown in figure 3. The arrival time spectrum
shows that the smaller ions (A*) arrive at the collector faster than the heavier
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(Ct and B%) ions. The smaller ions have the higher mobilities. The drift
time of the sample ions is dependent upon the size and shape of the ions, if
all other variables are constant. Therefore, the drift time is a measure of ion
mass, since ion molecule size is generally related.

4. REACTANT AND PRODUCT ION MECHANISMS

Positive and negative ion formation in IMS is a multistep process in-
volving ionization, ion formation of reactant ions through charge (or proton)
transfer, attachment, abstraction, and cluster reactions.

The mechanism for positive ion formation of reactant and product ions
have been reported by Good, Durden, and Keburle!® and involve the following
reactions:

N, B

Nt + e (Equation 11)
N,* + 2 N;——N,* + N, (Equation 12)

+ +
N, + HO—>H,0" + 2 N7 (Equation 13)

H,0% + H,0—=H;0% + OH (Equation 14)

+ +
Hs0" + H0 + N; —(H0). H” + N> (Equation 15)

The 60 kev Beta particle ionizes the nitrogen carrier gas, and clustering
occurs with neutral nitrogen molecules to form N*,. Equation 13 is an oxida-

tion process and is followed by hydride abstraction (equation 14) and nucleo-
philic attachment (equation 15). Further reactions can occur, depending on
the character of the carrier and sample gas. Positive ion clusters of water

10
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with NH*,, NO*, and N, have been observed in recent studies.'®> The re-
actions in equations 11 to 15 proceed quickly to form the protonated water
clusters, which generally are the predominant reactant peak observed in IMS.
Increased waier vapor concentrations promote higher order water clusters,

such as

+
(HzO)n H
where n = 1,2,3...6.

The sample molecule, M, is drawn into the IMS and can cluster or
accept a proton from the reactant ions if the proton affinity is greater than
the reactant ions. Positive product ions are formed by the following mechanisms:
proton transfer  (H:0) H* + M—>»nH,0 + MH* (Equation 16)

clustering with water, ammonium nitrogen, etc.

(H0) H* + M— (n - 1)H,0 + M(H0)H* (Equation 17)
NHT + M —>MNH,* (Equation 18)

M + N, + (H,0)H* —M(N)H* + H.O . (Equation 19)
At higher concentrations, sample molecules can form dimers:

2M + (HZO)nH‘*‘—-bn(HzO) + M,H+ . (Equation 20)

The mechanisms for negative reactant ion formation are summarized by
Spangler and Collins?? and include the following reactions:

e”(thermal) +0, —»0," (Equation 21)
0, +CO,;—>»C0,.0, (Equation 22)
0, +nH,0—(H 20) O, (Equation 23)

where n = 1,2.

Clustering of sample molecules with O 2 reactant ions results in molecular ions
to form

M+ 0, —>(MO, . (Equation 24)

Also, a three-body reaction with CO;°0; can occur to form CO; and MOz~
clusters.
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e 5. INSTRUMENTATION
-:'_ - A PCP, Inc. MMS-290, which consists of a tandem ion mobility spectro-
. meter and quadrapole mass spectrometer was used for determining mobilities

l‘; and mass spectra. The system shown in figure 4 consists of the mobility
spectrometer, mass spectrometer, Nicolet signal averager, computer, and X-Y

e recorder. The data generated by the IMS or mass spectrometer are stored

Ry in the signal averager for the number of IMS or mass scans specified. Typically,
T 2,048 scans are made in the IMS or mass spectrometer to improve signal

% strength and improve the signal-to-noise ratio. The computer stores the collected
) data on a magnetic disc and controls the timing circuitry in the system. The

computer also provides data output on an X-Y plotter, graphies display, or
printer and automatically calculates the reduced mobility or ion mass.

NhS DATA OUTPUT

N MASS NICOLET
. PUTER
-._7‘.:_x IMS SPECTROM- SIGNAL |CNOTMERL:=ACE
SN ETER AVERAGER
o ]
S
_ n TIMING TIMING VACUUM X - Y RECORDER,
AN CIRCUITS CIRCUITS SYSTEM PRINTER,
o GRAPHICS DISPLAY
o
-:"-
]
o Figure 4. MMS - 290
-:::\.:
:_:jf:'-: The MMS-290 can be operated in four distinct modes. The first mode
g is the total ion or electrometer scan. In this mode the MMS-290 operates as

an ion mobility spectrometer. Ions are gated into the drift region and detected
by the electrometer. The drift time of each group of ions is averaged, stored,
and displayed. All ions traversing the drift region and reaching the electro-
meter are recorded. The second mode is the integral ion mode and, essentially,
is the same as the electrometer mode, except the detector in the mass spectro-
Lo meter is used as the detector of all ions. The filtering voltages are removed
.w‘ from the quadrapole mass spectrometer, and all ions "leaking" into the mass
spectrometer are recorded. This mode is essential to verify that the additional

-
‘e By
\‘l

o distances that the ions travel during mass spectrometer analysis do not change
o the distribution of ions and the mobility of the ions. The third mode is the

_.:'.‘" mass spectrum. The shutter grid in the mobility spectrometer is held open

o continously to allow a steady stream of ions to be "leaked" into the mass spectro-
:" meter for detection. All ions formed are recorded by mass scan. The final

o
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:_A':,: mode is the tuned ions, which is similar to the integral ion mode except the
DY mass spectrometer is switched to single ion operation. The filtering voltages
e on the quadrapole mass spectrometer are set to accept only a certain mass,

( >y and the shutter grid is gated open continuously.

e 6. EXPERIMENTAL
25
"‘_'::':: The operating parameters for the MMS-290 were:

_':;::: Cell length 15 em

* Operating voltage 3000 volts
’._\ Electric field 200 volts/cm
o Carrier gas 200 ml/min
N Drift gas 500 ml/min
\ Cell Temperatu - 100°C
:',;: Pressure Entered daily
Y
}}'.}j Drift distance 10 em
-

%

The mobility spectrometer was operated at atmospheric pressure, and
e the mass spectrometer was operated at 8 X 10 ° torr. A controlled vacuum
:-::\' at 700 cc/min was drawn on the gas output of the IMS, and drift gas was
; 'f{ supplied at a controlled 500 cc/min. All data reported were subjected to
\-_,.': three-point curve smoothing operations which improve signal-to-noise ratio.
:};., Mobilities are reported as reduced mobility, Ky. Between daily operations,

the IMS was operated overnight at elevated temperatures ( = 200°C) with clean

b , filtered air to bake out any materials used during the experiments. Each
:'.-‘.'. morning a series of positive and negative background spectra were recorded
to insure repeatability of reactant ions in the IMS.

:.-:?',: The backyground air (carrier and drift gases) was cleaned and dried
through a zero air generator, which reduces the water vapor concentration
> to 20-30 ppm and removes oils and organics prior to use in the MMS-290. The
8’ air capacity of the zero air generator was 20 liters/min with the excess air
_‘_'-j:: vented. All metal tubing and glassware were cleaned and vacuum baked prior
SRS to use. The interconnecting gas lines were heated to 30°C using electrical
N cloth resistive heaters to prevent condensution of vapors during transport to
sl the MMS-290.

. The samples used for this experiment were:

Y
;:_'.' Dimethy! Meth- ~ onate (DMMP), C.H,PO, Structure
NN Molecular Weig ‘mu S
s Vp nm Hg at 24°C O

- Boiling Point t 10 mm Hg 0
:..:: Density 7 g/ml at 20°C CH.0 P OCH,

7 '

4 CH .
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Acetone, C3HO

Molecular Weight = 58 amu Structure

Vp = 400 mm of Hg at 39.5°C (o]
Boiling Point = 56.8°C |-
Density = 0.8200 g/ml at 21°C CH; - C - CH3;

Methyl Salicylate (2-hydroxy benzoic acid, methyl ester), CgHgO3

Molecular weight = 152 amu

Vp = 1 mm of Hg at 54°C Structure
Boiling Point = 223.3°C (1760 torr) -
Density = 1.184 g/ml at 20.2°C P

CH;0 - C

OH

The DMMP, technical grade, was obtained from Mobil Oil Co., and was
vacuum distilled at 4 torr to remove phosphite and other impurities. The
acetone was ACS grade from laboratory stock. The methyl salicylate was ob-
tained from laboratory supplies and was of unknown purity.

The DMMP and methyl salicylate vapors were generated using a gas
dilution apparatus. A small amount of air (about 1-2 ml) was passed over
the liquid and vapors of the compound were mixed with the air. The air/
vapor mixture was then diluted with a large quantity of clean air. The vapor
pressure (of each compound sample), air flow, and dilution air flow were re-
corded and used to qualitatively estimate the vapor concentrations. The acetone
was generated using a Dynacalibrator permeation tube vapor generator. The
permeation rates of the acetone permeation tubes were quantatively calibrated
using weight loss as a function of temperature and time. The vapor output of
the gas dilution device and Dynacalibrator were mixed in a baffle chamber for
the mixture studies. All vapor data reported were taken after the concentra-
tions of each compound had reached equilibrium (usually 30 minutes).

7. RESULTS

7.1 Reactant Ions.

Background spectra were taken prior to each day's work to verify air
reactant ion repeatability. Positive and negative electrometer spectra and
mass spectra for backgrounds are shown in figures 5 through 8. Figure 5
is the positive electrometer spectra on four different days. The range of re-

2
duced mobilities is 2.12 to 2'20Vc_nSLec with a few minor peaks shown. The third

2
spectra from the X-axis has a mobility peak at 1.17 %m—séc due to some con-

taminant in the system of unknown origin. Figure 6 is a typical mass spectra
in the positive mode showing the masses of molecular ions of air and water
clusters. Note that the accompanying data show relative intensity of mass
peaks. Figures 7 and 8 are typical mobility and mass spectra of backgrounds.
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For each molecular ion in the mass spectra, a series of tuned ion spectra

were run using the mass spectrometer to identify the molecular ions contribut-
ing to a specific mobility peak. A summary of the major ion masses conributing
to the positive mobility peaks is given in table 1, and in table 2 the negative
jons and mobilities as well as the probable clusters are given.

Table 1. Positive Reactant lons

Ko = 2.40 Ko = 2.20 to 2.12 Ko= 1.17
amu jon amu ion amu ion
36  (H,0)NH,' 37 (H,0),.H" 278  Unknown
64  (H,0)(N)NH," 55 (H,0)sH"

73 (H,0).H'

83 (H,0) ;N HY

111 (H,0) sNH'

2
In table 1 the major mobility peak is at 2.12 to 2.20 vc—"s’—eF and is a contribution

of protonated water clusters and nitrogen. The probable mechanisms are

+ —— +
(H,O)H + nﬂzoe__(Hsz)n_‘_lH H

a three-body reaction involving nitrogen,

(H,0)H" + N, +nH0ZZ(H,0) , (NOH®

AT and

.5._

SAd

.,“
Y

o
a 8 2

+
(H,0H" + 21 + n(H00Z2(H,0)_, (N»)H'

LN

Faa
0

3

Note that at least five molecular ions have a mobility of near 2.16. This seems
in conflict with the goal of the IMS system. These identical mobilities are due
to a dynamic equilibria occurring in the dirft region of the IMS. The proton

\J l. «
I A o
< Ry

-Q:j o affinity is nearly identical for water clusters involving 1, 2, and 3 water mole-
:.:,:; cules. Similiar data were reported by Karasek et al® for
porte
Lyw + _— +
v (H,0) H' + N, — (H:0) N.H

::-'::.'
i

.::?:a. where ion masses 37 and 65 had the same mobility.
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i
':-:: The two major negative mobility peaks are given in table 2, and the probable
o) contributing ions are shown. The 76 amu has previously been identified by
“
.f'; Spangler and Collins with a reduced mobility of 2.41 cv__s_m ec” The negative
{ mass spectra shows additional ions at molecular weights of 35, 70, 73, and 99
" amu. The 35, 70, and 73 amu are probably chlorine 35 and isotopic chlorine
= 37. The 73 amu may be inaccurate by a few tenths of an amu, and other
- negative mass spectra gave a 70- and 74-amu mass, which would be 3°C1,
and 3’C1, . The 99 amu is an unknown ion but does not involve chlorine
“ since an ion 2 amu higher for the 37 chlorine isotope is not evident. The
source of the chlorine in the mass spectra was unknown and varied with each
days operation.
-. Table 2. Negative Reactant lons
R
Ko = 2.46 Ko=2.29
: amu Ion amu Ion
68 (H,0):0," 96  (H,0).CO;
- 76 C0,-0," 124 (H20)2(N»)0,
\J 7.2 DMMP ,
\v
( DMMP was generated using the gas dilution generator at an estimated
- concentration of 0.5 parts per billion (ppb). The positive mobility spectra
N of DMMP shows two additional mobility peaks with drift times greater than the
-.j reactant mobility peak. Figures 9 and 10 are the positive mobility spectra of
) DMMP with the tuned ions shown gbove the total ion mobility. Figure 9 shows
K
~ that the reactant peak at 2.13 (\:Im_Sec is due to 55, 73, and 83 amu, which are
£ (H20)3H+, (Hzo)..H+, and (H,0), N2H+, respectively. Figure 10 shows two
e mobility peaks at Ko of 1.82 and 1.37. Tuned masses at 125, 143, and 153 amu
v gave a rgduced mobility of 1.82 and are postulated as (DMMP)H , (DMMP)
:,. (H;0) H', and (DMMP) N,H clusters. The 249-amu ion has a mobility of 1.37
Ny and is the protonated dimer of DMMP. The mechanism for DMMP involves
- proton transfer and clustering reactions that are of the form

(HZO)nH+ + DMMP == (DMMP)H" + n(H,0)
n(H,0) + (DMMP)H' —= (DMMP) (H,0)H" + n-1(H,0)

N, + (DMMP)H'=—> (DMMP)N 0"

Note that the first reaction proceeds to form the protonated monomer. The
DMMP has a higher proton affinity than the water clusters and the reaction
goes to completion. This hypothesis is supported by the decrease of water




83 AMU (H,0)sN2H' n

73 AMU (H,0) H'
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Figure 9. Tuned lon, Positive Mobility, DMMP, 0.5 ppb
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_~_Z-::.-5 cluster concentrations in the positive mass for DMMP (figure 11). The dimer
SRR of DMMP is formed by the following mechanism:

SRR

(S (H,0) H' + 2DMMP—s (DMMP);H® + nH.0

oNe:

AN This reaction, like the monomer, goes to completion, and the prevelence of
i the dimer peak is a functign of DMMP concentration. The propgsed mechanism
AL does not involve (DMMP)H since a reaction involving (DMMP)H would be re-
) versible and, therefore, they would have identical mobilities.

The negative mobility and mass spectra for DMMP were unchanged from
N the background spectra, indicating that DMMP does not form negative ions at
XS the experimental conditions. Figure 12 is the tuned negative masses contribut-
',:Z-“_‘. ing to the negative mobility spectrum.

.\ ~ 7.3 Acetone.

N

:wt The effects of acetone on the mobility of DMMP were determined. First
2ahd the positive mass spectrum (figure 13) and mobility spectrum (figure 14a) of
-::."f‘l'- acetone were determined. The acetone concentration was estimated to be 81
5 ppb. The positive mass spectrum has one major peak at 117 amu, which is

ER the protonated acetone dimer (C3HgO),H . The background reactant ions do
o not appear in the mass spectrum, indicating that the acetone molecule has a
s much greater proton affinity than air and water clusters. The mobility spectrum
'_" (figure 14a) is a single, sharp peak at 1.82, and the air reactant peaks are
,,“: completely gone (Ko = 2.13). The negative mass and mobility spectra for acetone
( were unchanged from the negative background and are not shown.
'.':- 7.4 DMMP /Acetone.

‘::::l.-’_"_ Vapors of DMMP at 0.5 ppb were thoroughly mixed with 81 ppb of

BCh acetone and the mixture drawn into the IMS. The spectrum shown in figure

14b is the mobility spectrum of DMMP and acetone. Note that the acetone
mobility is identical (Ko = 1.82 and 1.84) in both spectra in figures 14a and

'f:j.'.';;'.f 14b. The second and third peaks have mobilities of Ko = 1.70 and 1.38. The
A mass spectra of DMMP and acetone are shown in figure 15. Note that all ions
PRI masses below 117 amu are gone. The major ion masses are 117, 125, 143, and
j}.jj:.' 248 amu and are hypothesized as (C3;H¢O).H , (DMMP)H*, (DMMP)(H,0)H*,

o and (DMMP) ,H+. The 248 amu is assumed to be in error by a few tenths of
_: an amu and is the 249 mass which is the DMMP dimer. The 182 and 223 amu
AT masses are unidentified. The tuned masses for the mixture of DMMP and
:’ - acetone are shown in figure 16 and a summary of the data are given in table 3.
. ':-.
- : Table 3. Positive Ions of DMMP/Acetone

= Ko = 1.84 Ko = 1.76 - 1.66 Ko = 1,37

S

R
i amu  ion amu ion amu  ion

~ 117  (CsH&O) H' 125 (oMmmp)Ht 249 (pmmP),Ht
) 143 (DMMP) (H,0)H"
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The mobility/ion molecule assignments do not agree with the previous
data shown in figure 10. The (DMMP)H* and (DMMP) (H:O)H* had a mobility
of Ko = 1.82; yet, when DMMP is mixed with acetone, the monomer and hydrate
appear to have a lower mobility (Ko = 1.76 to 1.66). The first hyvpothesis
considered was that acetone and DMMP were clustering ‘ogether to form a 183-
amu ion, (DMMP) (C3;HO)H*, but the tuned ion at 182 amu showed little contibu-
tion to the mobility spectra. The mass spectra does give a 182-amu ion, but
this ion does not seem to contribute to the mobility spectrum. Higher resoluiion
mobility and mass spectra are required to test the DMMP jacetone hyrpothesis
and will be the object of future work.

7.5 Methyl Salicylate.

The positive ions formed by methyl salicylate were studied and the data
are shown 1n figures 17 and 18. Methyl salicylate forms a strong positive ion,
(CgH O 3)H The concentration was 17 ppb. Figure 17 shows the tuned ions
for methyl sahcylate at masses of 153 and 171, which are hypothesized as
(CsHgO3)HY and (CgHgO3)(H,0)H'. The mobility of the monomer and hvdrate
is 1.71. The 279 amu was tuned since it was in the background spectra. The
279 is of unknown origin and does not contribute to the mobility peak at K¢ =
1.17. The 136- and 181-amu ions shown in figure 18 were tuned, but no counts
were shown in the mobility spectra. Possibly, the 181 amu could be (CgHgO3)NHY,
The negative mobility and mass spectra of methyl salicylate were unchanged from the
background spectrum and are not shown.

7.6 Methyl Salicylate/Acetone.

A mixture of methyl salicylate and acetone were investigated for mobilities.
The methyl salicylate concentration was 17 ppb, and the acetone concentration
was 81 ppb. The mobility spectrum is shown in figure 19. Two distinct mobility
peaks are shown at Ko = 1.82 and 1.68. The two peaks are attributed to
(C3He0) ;H* and (Cg0s03)H*, respectively. Tuned ions verified that these
molecular weights had the assigned mobilities. The mass spectrum of the mixture
is shown in figure 20, and the same masses are recorded as for the methyl
salicylate, except for the 117 amu of acetone. The negative mobility and mass
spectra showed no change from background data and are not shown.

8. CONCLUSION

The data reported for reactant ions show that primary ion formation
occurs with (H20),H* in the positive mode and (H;0),0, : (H;0).C0O; in the
negative mode. The mobility spectra were repeatable between cach day's run
and contaminants were effectively removed. Peak assignments for reactants
are similar to work done by previous researchers, and the tuned ion spectra
verified mass contribution to a particular mobility. The dynamic cquilibria of
reactant jons in the drift region of the IMS result in mobilitics of di{fferent mass
molecular ions. The extent of identical mobilities for several molecular ions
has not previously been reported. The reduced mobility of DMMP was determined
to be 1.82 ecm?/Vsec for the protonated monomer and 1.37 em/Veee for the
dimer. The moblhty of the acetone dimer was reported as identical to the (DMMP)
ion, Ko = 1.82 cm2. A mixture of DMMP and acetone drasticallv changed the
DMMP mobility spectrum. The formation of (DMMP)H* and (DMMP)(H.O)H* and




possibly (DMMP)(C 3!150)1-1+ is suspect in the DMMP /acetone mixture. The effects
on the mobility of the DMMP monomer in the presence of acetone will be the
object of future work. The previously unreported positive mobility of methyl
salicylate was found to be 1.71 cm2. Mixtures of acetone and methyl salicylate
do not affect the distinct mobilities of each compound. Negative ions at the
conditions reported do not occur for DMMP, acetone, and methyl salicylate.
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