
“ A D—AO4O 620 IIC IANA (th y BLOOMINGTON DOT ; CHEMISTRY FIG 2019
A MOOZFZCD MICROWAVE—INDUCED PLASMA (NIP) DISCHARIC

~ -77 PIL ME

I

I

/



1.0 ~2 8  ~~~

_ _ _  ~ VllI~
2

I 1.I lHI~°

11111’ .25 jfl~
Jj .4

~ DllL;i;i;

MICRX ~OPY RESO LLJHON 1~~S~ (JIARI
NA NA A F A r A N , 0



~~~~

‘ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S E C U R I T Y  CLASSIF ICATION OF THIS PAGE (N~~.n Dat. Ent.r.d) 

-

~~~ 

--

UNCLASS 1 Fl ED

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
____________________________________________________ 

BEFORE _COMPLETING _F ORM
~~~~~ I.  RE PORT NUMB ER -~

~~ 
Ti / ~ GO VT ACCESSION NO. 3. RE C I P I E NT S  C A T A L O G  NUMB ER

4. ~~~~~~~~~~~~~~ 
— 

5. TYP E OF REPORT & PERIOD COVEREDOC) .A MODIF iED MICR OWAVE—INDUCED PLASMA (MIP) .., DIS— i n t e r i m  technical  rep~~~t
___ 

CHARGE CHAMBER EXHIBITI NG frIIGH STABILITY AND ‘

IMMIJNITY FROM SAMPLE SOLVENT EXTINGUISHMENT 6. PERFORMING ORG. REPORT HUM SE R 

.- . 5- ..—-—
, 5

~ A~ T t’4 O~ (&l . S. CONTRACT OR GRANT NUMBER(S)

Andrew T. /Zan de r , Rod K.lWilliams / and -.
Gary M. H i e f t j e  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . i ~~ —,~~~~‘-76--C—O838

-- .55. . 
/ ..~ 

- 

9 PERFORMING OR G A N I Z A T I O N  NAME AND ADDRESS 10 PROGRAM ELEMENT , PROJECT , T A SK

Departmen t of Chemistry v AREA S WORK UNIT N U M B F R & .~~.

Indi ana Universi ty  NR 051—622 .J~Bloomington , Indian a 47401
I I .  CONTROLLING OFFICE NAME AN D ADDRESS 12. REPORT DATE

O f f i c e  of Naval Research ) / Jund~~~ 977
Washington , D.C.  13 . Nu MBER OF PAGES

____________________________________________________________ 
11

14 MONITORING AGENCY NAME & A DORESS( I( dIff. r.n1 from Contr o ill n6 Otfi c .) IS. SECURITY CLASS. (of hI. r.po rt)

UNCLASSIFIED
IS. . OECL ASS I FI CAT IO N/OOW NG RAOIN G

SCHEDULE

15. D ISTRIBUTION S T A T EMENT (of th is  R.portj

APP ROVED FOR PUBLIC RELEASE ; DISTRIBUTION UNLIMITED ,~~
..~~

..~~~

II DISTRIBUT ION S T A T E M E N T  (of lb. .b.lraCl .nfsrSd in Block 20, Ii difl.r. nt from R.porl)

IS S U P P L E M E N T A R Y  NOTES 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

..— ..

Prepared for  publication in AN ALYTICAL CHEIIISTRY

79 K EY WORDS (ConhS nu . on reverse s ide iinoc.a.axy ~d id.nl l fy by block number)

Atomi c emission spectrometry
Microwave—induced plasma

LI... Atmospheric—pressure argon plasma
Plasma stability

20. A B S T R A C T  (Con(inue on r.v.r.a aid. ii n.c.a.aly ~~~ id.nlSfy by block numb.,) A simple modif icat ion has bee
/ I L.L.J made to the discharge chamber of a microwave—induced plasma (MIP) at aL~~spheric

pressure. The positioning of two carbon washers in approximately one—third of
LL~. the region within which the MIP exists allows the formation of an auxi1iar~ plas

ma which is unaffected by material entering the MIP. The auxiliary plasma pro—
vides thermal stabilization of the cavity when the primary MIP is adversely af—
fected while solvent vapors pass through the chamber , reignites the MIP automat-
ically , and increases HIP stability by keeping it centered in the chamber. The
carbon washers do not significantly alter the spectral character of the MIP
i~~~~ FORM
LSIJ I JAN 73 1473 EDI TION OF I NOV 6 5 IS OBSOLETE UNCLASSIFIED ~c.

S/N 0 10 2- 0 1 4 - 6 6 0 1  
~ 

/ , ‘ SECURITY CLASSIFICATION OF THIS PAGE (U5,.n D~~~~~~(.ve~~

. 4, - ..~~ 
. 

‘• •
- -.1—S .5- - , —-



____________ -.

OFFICE OF NAVAL RESEARCH
No ool~-C o n t r a c t  — 76—C— o8 3 8

Task No. NR 05 1—622

TE CHNLGA L REPORT NO . 5

A Modi f ie d  Microwave—Induced Plasma (MIP) Discharge  Chamber
i~x i t ib i t i n g  High S t a b i l i t y  and IIm~1unity f rom Sample Solvent E x t i n g u i s h m e n t

b y

Andrew T . Zander , Rod K. Williams and Gary N. }lieftje

k~’repared for publication in

ANALYTICAL CIIgMISTRY

Indian a Univers i ty
Department of Chemistry

Bloomington , Indian a 47401

June , 1917

Reproduct ion  in whole or in pa r t  is permitted fo r
any purpose of the Un i t ed  Sta tes  Government

A pproved  for  Publ ic  Release; Dis t r ibu t ion  Unlimited

~~~~~~~ 5 5 5 ~ V

_ 
-_



~I i cr ow a v e — i n d u c e d  plasinas (M IP’ s) in argon or hel ium possess a number

of advantages  f or  use as e x c i t a t i o n  sources in atomi c emission sp ectrome t ry

( l ,~~) .  These p lasmas have high exc i t a t i on  t empera tu res  so th a t  a grea t

n t i r n b e I  01  e l e m e n t s , including the halogens and many nonmetals , can be de te r—

~i i i ~’~ ! a t  hi gh s e n s i t i v i t y  in the ISV and v is ib le  reg ions. The powe r r e q u i red

f o r  s1~t b l e  ope ra t ion  of an HIP is re la t ive ly  low , general ly  below 200 W.

‘ Iso , at m o s p h e r i c — p r e s s u r e  argon or hel ium plasmas &‘ ni sume much less s u p p o r t

g,Ir ; than o the r  types  of plasinas , and have minimal r equ i remen t s  fo r  cooling.

Rec ; iu ~~t.i of t h e i r  low operat ing power , these plasmas o f t e n  produce unusua l ly

low bac k ground molecula r  spectra , f u r t h e r  enhancing  t h e i r  u t i l i t y .

An HIP  is forme d in a discharge tube placed in a cavity to which

nii~. rowave power is transmitted via a coaxial cable or waveguide. The most

i r e ( Iu e n t l y  used resonant cavities for operation at 2450 MHz are the 1/4—wave

Evens ori  c lvity and the 3/4—wave Broida cavity (3). The plasma can be

vL ewod e i t h e r radially or axially.

By t a r , t h e  most extensive use of MIP’s as emission sources has been

as l~~t~~~:E o r s  f o r  gas chromatograp hic  systems (4—11) . The GC carrier gas

can be argon ~ r he l ium and the generally used flow rates are compatible

with stable HIP ope ration . In such art application , the HIP has been em—

pioyed to excite elements such as C, II , N , P , B, 0, and the halogens ,

providing highly selective and sensitive detection and determination.

The major limitation to using the MIP as an emission source in present

confi gurations revolves around injection of aerosol samples into the plasma.

lue low power ordinarily utilized does not afford a high enough plasma

energy density to evaporate and atomize aqueous droplets. Also, the stabil-

ity of the plasma is degraded when even a relatively small amount of sample

material is injected. These problems have not proven to be insurmountable ,
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b u t  L u c y  have h i n d e red cX tL ’I i s i V C tue of ~‘1 I i ’ ’  s i i i  o p t  e al  i ’m iu s  b i t  a i t a 1 yu U ~.

The p rob Ieii~ assoc I SIC d W i t i t  ;le roso I saiii~i l~ lI~ i r  I OI l  i n t o  HI I ’’ s

tuv~ been ,tl leviated in two ways. In the f t  r s t  a p p r o a c h , an aerosol  de—

s o lv at  ion system (12) is placed between the nebulizer and the p lasma to

vvu ,)orate and remove the solvent from the gas stream before the  samp le

r~~ iHues  the plasma (13,14). Although th i s  me thod  offers hi gh nebulization

. 1  f i . c I ency , the HIP is still required to atomi zL tue analyte from th e r e—

u i  t in g  dry aerosol particles.

ALternativel y, the liquid sample can be both dt±solvated and atomi zed

r I ci to i t s  i n t r o d u c t i o n  i n t o  the M u’ ( 15— 1 8)  . T u e  low current , low power

n i c r o a r c  a tomize r  described by Layman and Hiefjte (15) serves th is  purpose ;

an a ly t e  atoms are generated e f f i c i e n t l y  by cathodic spu t ter ing  of the

sample applied to a tungsten f i lament external to the MIP. However , in

the or ig ina l  confi guration (15), the tnicroarc was in ter faced to the plasma

i t t  such a way that  the I’U P extinguished when solvent was evaporated

i n t o  i t .  To overcome this limitation, provision for automatic r ignition

of the  p L as ma  w i t h  a high voltage spark was made. Fricke , Rose, and

sr isa ( lb , 1 7) have taken advantage of the high a tomiza t ion  e f f i c i e n c i e s

01 carbon CU~ and tan ta lum—ribbon e lec t ro thermal  sI~ .,.izers to release anal y t e

~i L , ~na f a r  i n k ~~t ion  in to  an HIP .  In this app l ica t ion , the plasma was kept

f r u m  be ing  e x t i n g u i s h e d  by ca re fu l  control  of solvent evaporation rate ,

I tl I r u l y t i u c  lengthening the anal ysis  time . Recent ly , K l rkbr ig ht  (18)

J o s c r i be c  a new commercial HI ’ system which utilizes a Ta—ribbon atomizer.

l i i  t h i s  ‘y a t e m , solvent vapor is vented away f rom the MIP , enabling con-

t i n u o u s  opera t ion  of the p lasma wi thou t  increasing analysis time . Howeve r ,

Iltis venting requires careful control of the gas flows to ensure stable

P ’ . I O l i ~i ope r a t  ion .

P
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In the present study , a new method Was developed fo r  operat ing an

i ll ott  t c on t inuous  basis , and in c o n j u n c t i o n  w i t h  an external desolvation

t i t i a t  ot n i z a t  ion sys tem.  W i t h  t it i s  method , th e  HiP  is not ex t ingu i shed

J u r i l t A  so l v e n t  evapora t ion , dry ing time of the a p p l i e d  sample Is not cx—

Lc[IL1C(l , and ext ra v en t i n g  of the evapora te  is not  necessary.  u s  the ne~

cip I )roa c l t , a po r t i on  of the MIP is kept  ope ra t ing  by I)a r t ia l ly  iso la t ing it

t r oiu t h e  rest  of the p lasma wi th in  the plasma chamber. This auxil iary or

“ p i l o t ” p lasma is bypassed during samp le or solvent inject ion and is there—

t a r e  no t  a f f e c t e d  b y such events. Of course , during solvent evaporation,

r h -  l . r i m , i i v  ~x c i L a t i o n  p lasma is ext inguished;  however , the microwave

.s v i t y  is th e rmally stabilized during this period by the existence of the

a u x i l i a r y  p l asma . Following desolvation , the “pilot” p lasma au toma tically

r e i gn i t t .s the p r imary  discharge. In addition to the convenience it pro—

v i des , L i sa auxiliary plasma eliminates the necessity of retuning the cavity.

‘lIt atmospheric pressure argon HIP was powered by a 100 W microwave

ge~su r a t o r  (Mode l HV— l5A , Scintillonics, Inc. , For t Collins , Cob .) which

~aa s t a b i l i z e d  by a 500 W Sola constan t voltage power transformer.  The

24 ~~ ) M h z  ou t p u t  is conducted via a 3/8” coaxial cable (Type RG—9 , Belden

C o r p . ,  Richmond , I n c .)  to a 3/4—wave Broida cavity , f i t t e d  with a double—

stub tuner (Model 306A, PRD Electronics , Westbury , L . I . ,  N . Y . )  for  impe-

dance mat ’h .in g.

The p lasma exists near the tuning—stub end of the cavity inside a

6 nun i . d .  quartz chamber. As shown in Figure 1, sample vapor is introduced

In to the  plasma at a point ap p roximatel y halfway be tween the plasma ends .

P
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h )ur i i sg  emission measureiw’nts , I h ie p lasma Is v i ewed  ax ia l ly . In to  one end

of the plasma chamber , a smal ler  q u a r t z  tube (4 mm I . d . )  was i n se r t ed .

Within thi i.s inne r  sleeve we re p o s i t i o n e d  two t. I g l i l l y f i t t i n g  carbon washers

(4 mm o . d. , 2 ann i. d. , 2 turn long) made f rom s p e c t r o g r a p hic—grade  g r a p h i t e

rod (Nat ional  Carbon Co. , Union Carbide C o r p . ) ;  the carbon washers  are

space d approxi mately 1 cm apar t and enclose approximate ly  1/3 of the HIP

region .

Primary argon f low to the HIP at appro ximately 375 inL/ mi n is from the

e x t e r n a l  sample a tomizat ion appara tus  located in a d i rect ion perpendicular

to the plasma chamber.  An auxiliary argon f low , of about 75 mL / min , en-

ter s the chamber axially from the direction of the pilot plasma and enables

a stable plasma to exist between the carbon washers. The primary HIP passes

through the carbon washer at its one end ; this results in stable positioning

of the plasma in the center of the chamber.

The sample introduction system was based on a microarc atomizer (15);

however , the microarc housing and electrode configuration were modified

somewha t fo r  improve d operational and mechanical s t ab i l i ty .  This modi-

f i e d  configuration will be described in a later communication ; of course,

~n y  samp le in t roduc t ion  system can be used which desolv..tes and atomizes

the sample external to the HIP.

In opera t ion , the HIP is igni ted w i t h i n  the cavity by means of a

l e s l a t  coil. The presence of the carbon washers does not adve rsely a f f e c t

the i g n i t i o n  or the tunab i l i ty  of the cavi ty ,  and aids in reducing plasma

wander.  i\queous samples are applied with a syringe in microliter amounts

to the mlcroarc  f i l amen t .  The sample is then dried by heating the filament

w i t h  a constan t current. During dry ing, the evaporated solvent is carried

t h r o u g h the p lasma chamber by the pr imary argon flow ; depending upon the

s .  s_S - . , - _ ....j. , s•..,. 4. . . .  . d .  - - 5,2* . 0w .  . 4 .
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amount  of so lven t  vapor  pr eseot , t h e  p i  I I l l ’ ’ ’ ‘ U ’  ~ - ‘  . i . . . .~~ -

or ex t ingu i shed.  h owever , the  a u x i l i a r y  p i . i ’ a i  .~ I I I  i i  t & i t  i l  Ii ~

sage of solvent vapor and coot l i tu e s  t o  p~ ra  ‘ , ~ - Ii y he . n:~ r - —

a l ly  s tab i l i zed .  A f t e r  removal of a l  1 sd V I I  t v .1 1) 01 r a in  I : ’  r i ’  I I 
* 

i

p r imary M I P  is rei gni ted  by the 1) 1101 p l iu l . h a a ~~i d l v  ; r . , I I I i ~~~s.

microarc  is then struck to atorni :~e t h e  i- i i i : ~ I L ii - ‘ ‘ . - 1 ,. -
~ i i :  i , ’.

The flow rates f o r  the p r i m ar y  ash 1 , . 1  I .i~ ‘~ ~ ‘ I .  se t  -

this i nves t iga t ion  to op t imize  samp le I rs~~spu rt  L I  5 i l  -‘ a l  r . .1

e f f e c t s  of t h e  Presence of the carbon wa s i lL -  rs wi L i i i  i i  I i . i i: :1’ . I n m t .  r

wh i l e  m i n i m i z i n g  a u x i l i a r y  p lasma in st  i l , l i ly  h~5c. ’~~ ; i v e .Lv i i  ;~I p r .

f low rates were found to produce a p r i m a r y  p i . i a i t s  S H I  - 5  L e n t  ~ : ~. t i i i d  L i e

sample inlet port ; too low a f low r a t e  1. - I: ,  to  an - s I ly  e X t  1 1 t i ~ I I  “ l u ’ I l .

The auxiliary flow rate is also crItical. B e i w 4t ~i p r o x s  v. ~ Y D I I

n iL/mm , the auxiliary flow produces a p l . t s r s  wliiat ro t  i t  u at l e t  g li  - . : e , -d

aroun d the edges of the carbon washer p l a c O d  dc L l t ~~~ ’i i  h °- 11:~~~ L c . ’ I  J -

plasma. This rotation adds a hi gh I repuali cy I I i i c~ u . t t  i o n  Lo Li i i  t a ~ ~> . u~ d

si~~ial level. Coincident w i t h  r o t a t i o n , t a auxi  .11 y ) i  ,~~~i ,  .~~~ - , ~~~~~

b ’uish—green in color , indicat ive of e n i s s i  ii i  I ren t  . tr l u 1L  ) I 0 I I , : I i I . ~~~t I 54 .

-thove 50 niL/mi tt the auxi l iary  plasma ren.4i is C t , i t e  i u j ad  L . s L  I s ST y .~~.d

appears  iden t ica l  in color and con~ I ~~ . .  n o n a L i e  j i r  J i I . I r - -

AN t ) iii ~CI L - , ,

Port ions of the argon HIP s p e c t r um  we re s at i n  d to I I L L - r . s i I ’ o L i  C t i r C L

of the graphite washers on the spectral  c i t a r . I L  n c r  d i ’ the p lasro . I C I

line at 2478.6 A was easily observable as w e t ’ m os t  o the r t i c s , at v ’r -

low intensi ty, of the Swan system (A 1
g — x ~

) of t i u  i t i n l i e t i l i) ~ i ) ’ ’

~~~~ - - -,- . s _ .  ..-.. : - . 
- 
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of the emission spe Ct runt of ~~ - There was no cvi dciii’ of t i l L -  We at  i I

sys tent s , or any of the C 3 spect rum. These spi -et  r u  fc~~t i i  r s  c i i i !  ci i l l  i i

decreased to neg ligible levels , except  f o r  t h e  C I .~!e 78 . ~ l i n e , l . y

p ropr ia te  ad jus tmen t  of the aux i l i a ry  argon flow . li t carhiotu p lo t’s l i t - c ’ ,

become hot enough to glow and no evidence of i n c r e a t i ci i : c n L  I l i o n

ground emission was noted.

The exc i t a t ion  temperature  of the :IIP w i t h  II .  W I t  t iu t  I 0 c a r b o n

washers in place was determined by measur ing  t h e  r e l a t  ly e  r a d ian c e s  of

argon lines having known wavelengths , energies , an d transition p r o b a b i l i -

ties (19). In this way , t h e  temperature  of t h e  l I P  W I  L i t  t h e  grap h t i t c - ’- c c n -

tam ed auxiliary plasma was determined to be a p p r o x i m a t e l y  4300° K wh i le

the temperature of the unmodified 1-lIP in the same c a v i t y  was 5100° K. Al-

though the d i f ference  in excitation temperature is si g n i f i c a n t , the lowe r

temperature of the auxiliary—~iasma—aided IIIP is s t i l l  w i t h i n  the range of

excitation temperatures routinely encounte red w i t h  ~l1P ’s ( 2 ) ,  and is  not

expected to adve rsely a f f ec t  the capabil i ty  of t h e  11P f o r  e x c i t a t i o n .

The si gnal levels obtained with the aux i l i a ry—plasma—aide d HiP were

equivalent to those produced by the unmodified HIP.  However , reproducibil-

i ty  of the signals was substant ial ly improved , 3Y~ z~b~ compared to l S — 2 5 Z  (15),

probably  because the unmodified N IP requires  r e ign i t  ion a f t e r  so lvent  evap—

- oration b y a spark. Because reignit ion employs as one e lec t rode t h e

grounded microarc sample f i lament , the analyte  which  was ea r l i e r  dr ied on

the f i lament  might be lost or disrupted som ewhat du r in g  rei g nit i on .

Table I lists representative detection limits obtained with the un—

modified and modified HIP ; as expected , no appreciable d i f f e r e n c e  exists

between the different sets.

4
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CONCISIJ SJ UN S
5 ‘- . 5 , “

Modif ica t ion  of the plas ma chamber for  an ~lhP by causing an auxil-

i a ry  plasma to exist  between two carbon washers w i t h i n  th e- p lasma chamber

a f f o r d s  a simp le and efficient means of interfacing N I P ’s and external

a amp le a tomiza t ion  systems . The aux i l i a ry  p lasma w h i c h  is formed prevents

t h e  N IP f r o m  ex t i ngu i sh ing  when t h e  vapors produc ed d u r i n g  sami le d r yi n g

t low in to the p lasnia tube. Re tuning the cavi t y f o r  re i gn I Lion of the ~1I P

also become s unne cessary because the aux i l i a ry  plasma a u t o m a t i c a l l y  r o i g —

mi tes  the p r i m a r y  plasma a f t e r  the solvent vapor has b een passed.  In  t u b

manner the cavity remains thermally s tab i l ized , a s i t u a t i o n  which leads to

m ore stable 111P operation . The carbon washers in the p lasma do not  sig-

nificantly affect the spectral character of the MIP , act to decrease plasma

wande r , and keep the plasma centered in the chamber.

The auxiliary plasma does not eliminate drift of the MIP spectral

backgro und when samp le vapor is carried into the chamber; even the small-

est amount of solven t vapor causes such changes. However , drift severity

is reduced in tha t  the HIP is neve r to ta l ly ex t i ngu i shed .

L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :: -
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Detec t ion  Limi t ’
~ Comparison Between Unmodified and Modified MI1”s

I
Unmodif ied P-lIP Modif ied  HIP

F lement Wavelength  (nm) Detection Limit  (pg) Detection Limi t  (pg)

Ca 42 2 . 7  10.0 3.2

Cu 324 .7  1.6 7.4

Pb 283.3 3.8 3 .8

a. Oetection limit taken at S/.~ =

b. ~ aken from reference 15.
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FIGURE CAPTI0N~

1) 3/14—wave Resonant Cavity with  Modified Plasma Chamber
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