
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Trace Analysis of Nonconducting Materials by a Spark Source Mass
Spectrographic Auxiliary Electrode Method
D. W. Golightlya; V. G. Mossottia; W. C. Phillipsa

a Materials Research Laboratory, University of Illinois, Urbana, Illinois

To cite this Article Golightly, D. W. , Mossotti, V. G. and Phillips, W. C.(1969) 'Trace Analysis of Nonconducting Materials
by a Spark Source Mass Spectrographic Auxiliary Electrode Method', Spectroscopy Letters, 2: 2, 43 — 50
To link to this Article: DOI: 10.1080/00387016908050013
URL: http://dx.doi.org/10.1080/00387016908050013

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387016908050013
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 2( 2 ) ,  43-50 (1969) 

TRACE ANALYSIS OF NONCONDUCTING MATERIALS BY A SPARK 
SOURCE MASS SPECTROGRAPHIC AUXILIARY ELECTRODE METHOD 
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INTRODUCTION 

The survey  a n a l y s i s  c a p a b i l i t i e s  of spark  source  mass spec t rography 

have proved t o  b e  very important  i n  t h e  de te rmina t ion  of very low concen- 

t r a t i o n s  of e lements  i n  nonconductors and semiconductors .  Some of t h e  

methods devised f o r  t h e  s p e c i a l  handl ing  and spark ing  of t h e  poor  conduc- 

t o r s  have been reviewed by Guthrie'. 

s u s t a i n  a r a d i o  frequency s p a r k  between nonconductor s e l f - e l e c t r o d e s  

r e q u i r e  i n c o n v i e n t l y  high s p a r k  v o l t a g e s  and cons iderable  o p e r a t o r  t i m e  

and a t t e n t i o n .  Moreover, t h e  low i o n  y i e l d s  o f t e n  c h a r a c t e r i s t i c  of t h e  

nonconductor s e l f - e l e c t r o d e  spark  compel exposure times commonly i n  excess  

of one hour f o r  exposure l e v e l s  r e q u i s i t e  f o r  t h e  d e t e c t i o n  of i m p u r i t i e s  

a t  1 part-per-mil l ion concent ra t ions .  

I n  g e n e r a l ,  a t tempts  t o  i n i t i a t e  and 

2 3 Ahearn and James and Williams have devised spark ing  techniques  

t h a t  p laced  two s e l f - e l e c t r o d e s  i n  very c l o s e  proximity t o  conduct ing 

e l e c t r o d e s  so t h a t  random spark ing  t o  t h e  nonconductor produced represen-  

t a t i v e  ions .  However, t h e  uncont ro l led  product ion of  conductor i o n s  

n e c e s s i t a t e d  c o n s t r u c t i o n  of  s p e c i a l  i o n  beam monitors  i n  o r d e r  t o  c o r r e c t  

exposure r a t i o s  of impur i ty  i o n s  with t h e  sample m a t r i x  i o n s .  The pressed  
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D. W. GOLIGHTLY EX AL. 

e l e c t r o d e  method wi th  g r a p h i t e 4  has  ga ined  c o n s i d e r a b l e  p o p u l a r i t y  among 

spark  source  mass s p e c t r o s c o p i s t s  during t h e  p a s t  s i x  y e a r s .  

g r a p h i t e  e l e c t r o d e s  enable  i n t e r n a l  s t a n d a r d i z a t i o n  and a s p a r k  t h a t  

Although t h e  

demands l i t t l e  opera tor  c o n t r o l ,  t h e  method s u f f e r s  from numerous undes i r -  

a b l e  c h a r a c t e r i s t i c s ,  such as sample prehandl ing ,  a d i l u t i o n  of i m p u r i t i e s  

t h a t  r e q u i r e s  longer  exposures  to produce e q u i v a l e n t  p l a t e  darkening,  

p o s s i b l e  s p e c t r a l  i n t e r f e r e n c e s  from t h e  many i o n i z e d  carbon s p e c i e s  

generated i n  t h e  s p a r k ,  and h igh  fog l e v e l s  on t h e  low-mass reg ion  of t h e  

photographic  p l a t e .  Other  pressed  e l e c t r o d e  techniques ,  t o  v a r i o u s  

degrees ,  p resent  t h e  same problems. 

This  communication i n t r o d u c e s  an a u x i l i a r y  e l e c t r o d e  s p a r k  source  mass 

spec t rographic  method f o r  nonconductors t h a t  r e q u i r e s  no sample prehandl ing 

n o r  d i l u t i o n  and provides  s p e c t r a  e s s e n t i a l l y  c h a r a c t e r i s t i c  of only t h e  

sample mat r ix  and sample t r a c e  i m p u r i t i e s .  

t h e  sample a r e  a c c m p l i s h e d  by spark ing  a c r o s s  a small s u r f a c e  reg ion  

def ined  by two r e f r a c t o r y  metal a u x i l i a r y  e l e c t r o d e s .  

i n v e s t i g a t  on r e s u l t s  repor ted  h e r e i n  sugges t  t h a t  t h e  method should b e  

a p p l i c a b l e  t o  t h e  a n a l y s i s  of numerous nonconducting materials. 

Vaporizat ion and i o n i z a t i o n  of 

The pre l iminary  

EXPERIMENTAL 

A l l  exposures were made on I l f o r d  4-2 p l a t e s  i n  an Associated 

Electr ical  I n d u s t r i e s  MS-7 double-focusing mass spec t rograph .  

and source pressure  were maintained a t  lo-’ and t o r r ,  r e s p e c t i v e l y .  

Photographic  p l a t e s  were developed w i t h  E a s t m a n  Kodak D-19 developer  and 

processed i n  t h e  customary fash ion .  Peak l i n e  t ransmiss ion  d a t a  were 

obtained from t h e  photopla tes  wi th  a N a t i o n a l  Spec t rographic  Labora tor ies  

The a n a l y s e r  

microphotometer, and emulsion c a l i b r a t i o n s  were determined by t h e  s t a n d a r d  

Churchi l l  two-line method. A l l  measured exposures  were c o r r e c t e d  f o r  fog 

and background . 
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T R A C E  A N A L Y S I S  OF NONCONDUCTING M A T E R I A L S  

The a u x i l i a r y  e l e c t r o d e  and sample arrangement  i n  t h e  s o u r c e  chamber 

is shown i n  F i g u r e  1. 

c leaved  from a l a r g e r  sample and mounted i n  a s i m p l e  T a - f o i l  h o l d e r .  

T a  e l e c t r o d e s  which were s e p a r a t e d  by  abou t  0.5 mm were b rough t  i n t o  

c o n t a c t  w i t h  t h e  e l e c t r i c a l l y  f l o a t i n g  nonconductor .  

15 o r  20 KV s p a r k  s t a r t e d  immediately upon c o n t a c t  of  t h e  a u x i l i a r y  e l e c -  

t r o d e s  w i t h  t h e  c r y s t a l  and p rov ided  i o n s  t h a t  were c h a r a c t e r i s t i c  of t h e  

m a t r i x  s a l t  and i t s  i m p u r i t i e s .  After s p a r k  i n i t i a t i o n ,  l i t t l e  a t t e n t i o n  

t o  t h e  sample and e l e c t r o d e s  was r e q u i r e d  t o  m a i n t a i n  a r e g u l a r  rate of 

i o n  p roduc t ion .  

l a y e r  of m a t e r i a l  on t h e  q u a r t z  i n s u l a t o r .  

A small p i e c e  of c r y s t a l ,  abou t  2 x 2 x 5 mm, was 

Two 

With K B r  o r  K C 1 ,  a 

The T a - f o i l  s h i e l d  p r e v e n t e d  t h e  b u i l d  up of a conduc t ing  

ENTRANCE 
APERTURE 

SAMPLE 

ITA FOIL SHIELD 

AUXILIARY TA ELECTRODES 

I 
QUARTZ INSULATORS k ( 3 0 m i l  Dl&)- - 

CRYSTAL 
SEPARATION I I (SAMPLE) 
ABOUT 05mm -3 I 
ELECTRODE 

I _ _ _ _ _  I- --_I 
TA FOIL HOLDER 

FIG. 1 

MS-7 Source Arrangement f o r  t h e  A u x i l i a r y  E l e c t r o d e  Spa rk  Mass S p e c t r o -  
g r a p h i c  Technique,  
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D. W. GOLIGHTLY ET AL. 

RESULTS AND DISCUSSION 

The degree t o  which t h e  T a  e l e c t r o d e s  were sampled v a r i e d  from expo- 

s u r e  t o  exposure. 

i n t e n s i t i e s  i n  exposures  from Ta-Ta s p a r k s  w i t h  t h e  appearances of t h e  

same l i n e s  from Ta-nonconductor s p a r k s  i n d i c a t e d  t h a t  T a  c o n s i s t e n t l y  

c o n s t i t u t e d  less than  1% of t h e  t o t a l  i o n  beam. S ince  t h e  t o t a l  impur i ty  

concent ra t ion  i n  t h e  Ta wire was 6500 ppma ( p a r t s  p e r  m i l l i o n  a tomic) ,  t h e  

However, comparisons of t h e  181Ta+ and 180Ta+ l ine  

e l e c t r o d e s  c o n t r i b u t e d  less t h a n  65 ppma of t r a c e  i m p u r i t i e s  t o  t h e  

Ta-nonconductor spectrum. Genera l ly ,  such a b lank  c o n t r i b u t i o n  w i l l  be 

n e g l i g i b l e  r e l a t i v e  t o  t h e  expected accuracy of a s p a r k  s o u r c e  s p e c t r o -  

g r a p h i c  method. However, t h i s  c o n t r i b u t i o n  can be  s i g n i f i c a n t  i n  cases i n  

which a 65 ppma b lank  comes from only a few elements  o r  i n  which sample 

i m p u r i t i e s  cmmon t o  t h e  e l e c t r o d e s  are sought  a t  c o n c e n t r a t i o n s  below 

1 ppma. The use  of T a  of h i g h e r  p u r i t y ,  o r  o t h e r  h igh  p u r i t y  r e f r a c t o r y  

metals, such a s  R e ,  O s ,  o r  W ,  should f u r t h e r  reduce t h e s e  trace level 

c o n t r i b u t i o n s  from a u x i l i a r y  e l e c t r o d e s .  

The c a p a b i l i t y  of t h i s  technique t o  provide  a c c u r a t e  bulk  ana lyses  i s  

i l l u s t r a t e d  by t h e  t r a c e  l e v e l  comparison d a t a  i n  ppmw ( p a r t s  p e r  m i l l i o n  

by weight) f o r  K B r  and KC1 c r y s t a l s  shown i n  Tables  1 and 2 ,  r e s p e c t i v e l y .  

With t h e  except ion  of t h e  ha logens ,  t h e  mass s p e c t r o g r a p h i c  d a t a  r e p r e s e n t  

t h e  averages of t r i p l y  determined r e l a t i v e  c o n c e n t r a t i o n s  r e f e r e n c e d  t o  

4%+ of t h e  mat r ix .  Because of t h e  s imi la r i t i es  i n  i o n i z a t i o n  and sampling 

p r o p e r t i e s  possessed by t h e  ha logens ,  t h e  c o n c e n t r a t i o n s  f o r  t h e s e  elements  

were based on e i t h e r  t h e  B r  o r  C 1  of t h e  m a t r i x  analyzed.  

In Table  1, t h e  r e p o r t e d  Naval Research Laboratory (NRL) ana lyses  of 

t h e  doped K B r  c r y s t a l  were performed by flame emission and atomic absorp- 

t i o n ,  neut ron  a c t i v a t i o n  and chemical methods. With t h e  except ions  of Ca, 

I ,  Na, S and Si, t h e  agreement between t h e  d a t a  sets i s  q u i t e  a c c e p t a b l e  i f  
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T R A C E  ANALYSIS OF NONCONDUCTING W T E R I A L S  

TABLE 1 

R e s u l t s  from A u x i l i a r y  Ta-Electrode A n a l y s i s  of a N R L ,  K B r  C o n t r o l  C r y s t a l  

Element C o n c e n t r a t i o n  ( p pmw) 

A u x i l i a r y  E l e c t r o d e  N R L  A n a l y s i s  
Method 

Ag 
A1 

Ba 

C a  

c1 
cs 
c u  

F 

Fe 

I 

L i  

Mg 
Mn 

N a  

P 

Pb 

Rb 

S 

S i  

S r  

T1 

2.8 

2 

1.6 

130 

650 

19 

0.5 

4.3 

1.0 

48 

0.007 

1.2 

0 .1  

67 

0.08 

0.8 

8 1  

82 

22 

0 .9  

2.4 

2 

2 

0.75 

1 

17.8 

0.7 

0.9 

4 

2 

0 . 1  

1.1 

1 

3.1 

0.3 

2.5 

114 

1 

1 

7.7 

t h e  u s u a l l y  acco rded  accu racy  of p l u s  o r  minus an  approx ima te  f a c t o r  of 

t h r e e  i s  a p p l i e d  t o  t h e  mass s p e c t r o g r a p h i c  d a t a .  The d i s p a r i t i e s  i n  con- 

c e n t r a t i o n  v a l u e s  can b e  a t t r i b u t e d  t o  p o s s i b l e  l o c a l i z e d  i n h o m o g e n i e t i e s  

i n  t h e  segment of  t h e  c r y s t a l  a n a l y z e d ,  s e l e c t i v e  v o l a t i l i z a t i o n  and i o n i -  

z a t i o n  by t h e  s p a r k  o r  s e l e c t i v e  i n s t r u m e n t a l  t r a n s m i s s i o n  of i o n s  t o  t h e  

pho tograph ic  p l a t e .  
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D .  W .  GOLIGHTLY ET AL. 

TABLE 2 

Resul ts  from Auxi l ia ry  Ta-Electrode Analysis  of a Harshaw Optical-Qual i ty  
K C 1  Crys ta l  

Element Concentrat ion (ppmw) 

Auxi l ia ry  Elec t rode  Semi-Quantitative 
Method Optical-Emission 

Spec t rographic  
Method 

A 1  

B 

B r  

Ca 

C r  

F 

Fe 

Mg 
Mn 

Na 

N i  

P 

Rb 

S 

s i  
T i  

V 

21 

0.6 

5 4 0  

1000 

3.6 

3 6  

17 

2 3  

7.2  

900 

2 . 8  

3 . 7  

4 . 3  

3 80  

1700 

430  

28 

4 

4-20 
--- 

4 

4 

--- 
4-20 

2 - 8  

4 

I n  Table  2 ,  t h e  independent a n a l y s i s  of a Harshaw o p t i c a l  q u a l i t y  K C 1  

c r y s t a l  w a s  accomplished by a s e m i q u a n t i t a t i v e  s tandard-addi t ion  o p t i c a l -  

emission DC-arc method . Thus, t h e  comparison of concent ra t ion  d a t a  i s  

less r igorous than  t h a t  i n  Table  1. With t h e  except ions  of Ca, Na, S i  and 
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T R A C E  A N A L Y S I S  OF NONCONDUCTING M A T E R I A L S  

T i ,  t h e  g e n e r a l  a b i l i t y  of t h e  a u x i l i a r y  e l e c t r o d e  method t o  produce an 

accura te  bulk  a n a l y s i s  a g a i n  appears  s u b s t a n t i a t e d .  The d i s p a r i t i e s  i n  t h e  

mass spec t rographic  concent ra t ions  are a t t r i b u t a b l e  t o  t h e  reasons  prev i -  

ously given.  

Average p r e c i s i o n  f o r  t h e  measured c o n c e n t r a t i o n s  w a s  f 44% r e l a t i v e  

s tandard  d e v i a t i o n .  This  p r e c i s i o n  v a l u e  p r i m a r i l y  r e f l e c t s  sample inhomo- 

g e n i e t y  and l a c k  of p r e c i s e  spark  c o n t r o l ,  and i s  t y p i c a l  f o r  r e p l i c a t e  

spark  source  ana lyses  on similar samples. Ion  c u r r e n t  a t t e n u a t i o n  by beam 

chopping would b e  expected t o  i n c r e a s e  sampling and improve p r e c i s i o n .  

I n  summary, t h e  a u x i l i a r y  e l e c t r o d e  method p r e s e n t s  a new means f o r  

t h e  survey a n a l y s i s  of nonconducting materials t h a t  i s  s imple ,  r e q u i r e s  no 

sample prehandl ing,  r e q u i r e s  no secondary s t a n d a r d s ,  does n o t  f o r c e  conduc- 

t i o n  by long segments of nonconductor, and provides  a bulk  a n a l y s i s  t h a t  

has  t h e  accuracy and p r e c i s i o n  t y p i c a l  t o  t h e  spark  source  mass s p e c t r o -  

graphic  technique.  Although t h e  a p p l i c a t i o n s  r e p o r t e d  i n  t h i s  communication 

were l i m i t e d  t o  s a l t - l i k e  nonconductors, semiconductors and materials t h a t  

do n o t  form usable  s e l f  e l e c t r o d e s ,  such as t h o s e  t h a t  have low mel t ing  

p o i n t s  and r e a d i l y  vapor ize ,  should b e  amendable t o  t h i s  technique .  Also,  

samples t h a t  normally occur as powders can b e  pressed  i n t o  p e l l e t s  and 

t r e a t e d  as s o l i d  c r y s t a l s .  
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