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Abstract:
The possibility of using submerged 60 cycle alternating current electrodes as a light source for
quantitative Chemical analyst was investigated. The Intensities of the spectral lines produced were
measured hy means of a multiplier phototube. The studies were made using the internal standard
method. A series of teste were made with lithium as the Internal standard and adding Mg, Ca, Zn and
Cu in varying amounts.

A series of tests were also made using cadmium as the internal standard and adding Li, Mg, Ce, Zn end
Cu In varying amounts. 
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I*  ABSTRACT

The p o s s i b i l i t y  o f  u s in g  submerged 60 c y c le  s l t e r a s t l& f  c u rre n t 

e le c tro d e s  ee e l i g h t  source f o r  q u s a tI t s t I r e  c h e a lc s l  B nelyele  wee In - 

v e e t lg s te d .  The I n t e n s i t i e s  o f  the  s p e e tre l  l in e s  produced were aessu red  

by raepne o f e  m u l t ip l ie r  p h o to tu b e . The s tu d ie s  were me.de u s in g  the 

ln te m e l  e tenderd  method. A s e r ie s  o f  t e s t s  were aede w ith  lith iu m  $s 

th e  I n te m e l  stB nderd and adding % , Ce, Zn »nd Cu in  v a ry in g  m o u n ts .

A s e r ie s  o f  t e s t s  were e ls e  m#de u s in g  eedmiua re the  in te rn e I  standard  

and adding L i, Mg, Ce, Zn end Cu In  v a ry in g  amounts.
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I I .  IMTBODuCTIOK

The submerged e le c tro d e  used  In th la  etudy we* f i r s t  In v e e ti^ e te d  by 

fedd1. He need i t  f o r  q u e l i t e t lv e  d e te rm in a tio n s . A l i s t  o f  the  e len en te  

end th e  low er l im i t s  o f  co n cen tre t lone t h s t  cen be d e te c te d  v le u s l ly  wee 

given by him.

D uring p rev io u s  work e t  t h i s  i n s t i t u t i o n  some ehenges hed been mad# 

in  the  ep p ere tu s  suggested  by Todd, from those  changes end o b serv a tio n s  

i t  was thought th a t  f u r th e r  in v e s t ig a t io n  o f th e  r e la t io n  between concen­

t r a t i o n  and in t e n s i t i e s  o f  th e  e p e c tre l  l in e s  produced, m ight r e s u l t  in  e 

q u a n t i ta t iv e  method o f  a n a ly s is  o f  s o lu t io n s .

W ith the  p o s s i b i l i t y  o f  a method f o r  q u a n t i ta t iv e  d e te rm in a tio n  o f  

elem ents In  s o lu tio n s  in  mind, i t  was decided  to  c o n s tru c t th e  necessary  

ap p ara tu s  needed to  o p e ra te  # m u l t ip l ie r  ph o to tu b e , end e p re lim in a ry  

study  o f th e  e f f e c t s  o f  a d d it io n a l  elem ents in  th e  s o lu tio n s  was a lso  to  

be made I f  th e  I n te n s i ty  o f  th e  l i g h t  source was found to  be adequate.

I t  he# Ions been recogn ised  th a t  e l i g h t  source capab le  o f  g iv ing  # 

homogeneous l i g h t  f o r  e co n sid e rab le  le n g th  o f time would in c re a se  the 

u s e fu ln e s s  o f  th e  sp ec tro sco p e .

The p o s s i b i l i t y  o f  o b ta in in g  a d d it io n a l  in fo rm ation  on th e  behav ior 

o f  ions In  so lu tio n  was recognized  in  p lan n in g  th i s  s tu d y .

4 -
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A -  Input A. C. v o ltag e  re g u la to r

B -  D. C. Power supply to  p h o to m u ltip lie r  
tube

C -  P h o to m u ltip lie r  Tube

D -  A m plifier to  galvanom eter

E -  Galvanometer

E -  Spectroscope

G -  Submerged e le c tro d e

H -  C ontro l panel fo r  submerged e lec tro d e

Arrangement o f Instrum ents

F igure I



m .  m m m

Input Constant Voltmae Sqgulmto r ;

The le rg e  d a l ly  f lu c tu a t io n s  o f  l in e  v o lta g e  and amperage made I t  

n e ce ssa ry  to  s t a b i l i z e  th e  power source f o r  b o th  th e  d i r e c t  c u rre n t power 

supply  and the  a l t e r n a t in g  c u r re n t  supply to  th e  submerged e le c tro d e s .

Any change In  the  d , e . v o lta g e  su p p lied  to  th e  m u l t ip l ie r  photo tube would 

have changed th e  a m p lif ic a tio n  f a c to r  o f  th e  tu b e . To check th e  v o ltag e  

re g u la to r ,  a v a r ia b le  tra n sfo rm e r wee p laced  in  th e  supply l in e  to  the 

v o lta g e  r e g u la to r ,  f o r  a 10 v o l t  change in  th e  v a r ia b le  tran sfo rm er no 

change in  the  o u tp u t v o lta g e  o f  th e  d . c , power supply could  be d e tec te d  

w ith  e 7- inch  T r i p l e t t  v o l t - o h s w a ll l le m ie te r , 50,990 ohm s/vo lt d . c . 

D ire c t CtoTftBt HfiltflX HHfflglX»

The power supp ly , f ig u re  2 , c o n s is te d  o f  a  h ig h -v o lta g e  tran sfo rm er, 

*2 , 1509- 9-1509 v o l t s ,  115 v o l te  p rim ary ; two half-w ave m ercury r e c t i f i e r  

tu b e s , RCA 8l 6 ; # f i l t e r i n g  system  o f  two condensers, C^, Cg, h  a u r - f ,  3000 

v o l te  d . c . i  two chokes, L1, Lg , 12 h eae ry s , 80 me. d . c . j  end a bank o f 

v o lta g e  re g u la to r  tu b e s , RCA V890, to  serve  as  a v o lta g e  d iv id e r  f o r  the 

m u l t ip l ie r  p h o to tu b e . A 190,909 ohms, 30 w a tt r e s i s t o r ,  R j1 served as e 

asane o f  d isch a rg in g  th e  condensers when th e  power supply was turned o f f .

A s im ila r  power supply wee used by Dleke and C rossw hite1 .

M u lt ip l ie r  m&totwbft:

The m u l t ip l ie r  pho to tube used w ith  t h i s  work was a RCA IP 22 having 

# s p e c t r a l  response o f  about **000 A0 to  7000 A0 . H  Is  cap ab le  o f  a u l t t -

1 J .  Opt. Soc. o f  Am. 7  35, p **71 (1985)
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R2 10, OOO-a.

VR 105

VR 90
0-50 ma'

RCA 816

RCA 816

D ire c t C urrent Power Supply



p ly in g  fe e b le  c u r re n ts  produced under week l l lu a ln e t lo n  by an everege

v e lu e  o f  200*000 tim e* when o p e ra ted  »1 100 v o l t s  p e r  s ta g e . A good review

on th e  b eh av io r o f  » m u l t ip l ie r  tube Ie  g iven  by Engetroa1 , The e h e reo te r-

l e t l c e  o f  the  tube I t s e l f  a re  p re sen te d  In  t e n ta t iv e  da ta  p u b lish e d  by 
2

RCA .

An e le c tro n  m u l t ip l ie r  Ie  e vacuum tube In  which the  e le c tro n s  

em itted  from th e  Illu m in a ted  cathode a re  d ir e c te d  by f ix e d  e le c t r o s t a t i c  

f i e l d s  to  th e  f i r s t  dynode (secondary  e m i t te r ) .  The e le c tro n s  Impinging 

on th e  dynode su rfa c e  produce many o th e r  e le c t r o n s .  These secondary 

e le c tro n s  a re  d ire c te d  to  s second dynode end th e se  produce many more 

e le c t r o n s .  T h is p ro c e ss  Is  re p e a te d  u n t i l  th e  f i n a l  s tag e  i s  reached 

where they  are  c o l le c te d  and c o n s t i tu te  th e  c u r re n t  u t i l i s e d  In  th e  out­

p u t c u r r e n t .

A m p lif ie r . % 9tQ .taM  JtO. fa lrra p a fttsE t

The a m p lif ie r  tube was a RGA 959^ acorn  type tube w ired  a# a reduced 

g r id  c u rre n t tube In which Sg i s  the  space charge g rid  (sc re e n )  end 

th e  c o n tro l  g r id . The c i r c u i t  in  which I t  was used was a Bubridge and 

Brown5* balanced  c i r c u i t .  Only s l ig h t  changes were made to  f i t  the  e x is t ­

ing  c o n d itio n s . A 70 meg.^ r e s i s t o r  was used  as  th e  g r id  b ia s  r e s i s to r .

The v o lta g e s  need on th e  959 tube were f ila m e n t ,65 v o l t s ,  p la te  and 

sc ree n  6 v o l te  each . A fte r  th e  i n s t a l l a t i o n  was completed the  c i r c u i t

1 J .  O pt. Soe. o f  Am. V 77, p *20 (19*7)
2 RCA V ic to r D iv is io n , Radio C orpo ra tion  o f America 
/  RSI V 18. p 16 (19b?)
% RSI V * , p 532 (1913)
5 S. S. White D en ta l Mfg. Co.
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th e  c i r c u i t  wee he lenced  ns reeoaaended "by PuhrM ge sad Browa * Ia  f ig u re

3 , I g was s e t  s t  25 oM e, sd ju e te d  to  g ive  the  d e s ire d  f l l s m e a t  v o lts g e

^nd R the  d e s ire d  p i s t e  ra d  sc reen  v o lte g # . B7 decreased  th e  a e s le  re e d - 
k

lag  hy 5 tim es , %  Adjusted th e  p o s i t io n  o f  the  gslvsnom eter re sd lag  on 

I t s  e e r ie .  The lend  w ire "A* wee from th e  saode, Ifo, 10# o f  the  m u l t ip l ie r  

Hoto tu b e . Lend *3*. th e  r e tu r n  w ire , to  th e  d . c . power supp ly .

Rubaar^efi E lec tro d e s  rad  P o a tr o la t

The submerged e le c tro d e s ,  f ig u re  4 , c o n s is te d  o f  e s h o r t  p in t Inua 

w ire  pad a  lo n g e r one. When th e  system wee tu rned  on e s p u tte r in g  glow 

Pppee red  on th e  s h o r te r  e le c tro d e ,  th e  l i g h t  from the  s h o r t  e le c tro d e  

is  th e  l i g h t  source th a t  I s  used  w ith  th e  sp ec tro sco p e . I t  I s  presumed 

th a t  th e  l i g h t  produced Is  from th e  bum  lag  o f the  oxygen end hydrogen 

generated  by th e  a l t e r n a t in g  c y c le s  o f  th e  s .  c* used on th e  e le c tro d e s  

and th e  m e ta l l ic  Ioa being  c a r r ie d  In to  th e  flam e by th e  c u r re n t .

The c o n tro l to  the  e le c tro d e s  wee a  r e s i s t o r  l a  s e r ie s  w ith  I t ,  I t s  

purpose Was to  a d ju s t  th e  amperage drawn by th e  e le c tro d e s  to  the  d e s ire d

v a lu e .

!S I  V U1 p 532 (1933)
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Figure 3

A m p lifier , M u lt ip lie r  Phototube to Oalvsnometer
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j v ,  axyasiw&x?*! gEC-cssm^s

Th* fo llo w in g  c o n d itio n s  *nd p ro ced u res  were fo llow ed  f o r  the  re r io u e

p ie c e s  o f equipment f o r  e l l  t e s t s  th e t  were aede . B isy pro n o t in  chrono­

lo g ic a l  o rder*

1. A ll power need wee drewn through th e  e o n e te a t v o lta g e  tran sfo rm er.

2. She ra p e rrg e  su p p lied  to  th e  hsak o f  V. R* tubes o f  the  d . c . power 

supply wee 23 me.

3. The v o lte g e s  o f  th e  959 tube w ere, f ilsm e n t .65 v o l t e ,  p la te  end 

sc reen  6 v o l ts  each ,

U. The r e s is ta n c e  R0 , f ig u r e  3 , wee s e t  a t  o n e -h e lf  o f  I t e  ra te d  v a lu e .

5 . The 12 v o l t  b a t te r y  was recharged  a f t e r  each 10-12 hours o f  u se .

6 . The d . e . power supply  end a m p lif ie r  were given e 3 hour warm up 

p e rio d  b e fo re  any t e s t s  were aed e .

7 . The 959 tube wet k ep t sh ie ld ed  from l i g h t  end e l l  p ie c e s  o f  equipment 

were grounded end sh ie ld e d  s t  e l l  tim es .

8 . Twenty a l  o f  s o lu t io n  were used  w ith  th e  submerged e lec tro d e*

9 . One cm o f  the  s h o r t  e le c tro d e  wee submerged when read in g s  were being  

tak en .

10. The tem pera tu re  o f  th e  s o lu tio n  b e in g  te s te d  must be allow ed to  reach  

• e q u ilib riu m  w ith  th e  co o lin g  w a te r b e fo re  any read in g s  e re  taken .

U .  The e e t t ln g  o f  th e  in te r n a l  s tan d a rd  was 250 cm on th e  galvanom eter 

s c a le .  The amperage necessary  to g iv e  th i s  d e f le c t io n  wee ob ta in ed  

by a d ju s t in g  the  r e s is ta n c e  in  s e r ie s  w ith  th e  e le c tro d e s .

12. When ig n i t in g  th e  e le c tro d e ,  th e  l e s s  th e  sh o rt e le c tro d e  Is  submerged, 

th e  le a *  the  p o s s i b i l i t y  o f  th e  b u rn in g  o f f  o f  th e  t i p  o f  the  e le c tro d e .

-  12 -



>.e soon Sg p o s s ib le  a f t e r  th e  e le c tro d e  had beaa Ig n ite d , the  e lec ­

tro d e  wag submerged to  the  d e s ire d  d ep th  end the r e e ls te n c #  la  s e r ie s  

v l th  I t  was In c reased  u n t i l  th e  e le c tro d e  hed lo s t  I t s  re d -h o t c o lo r .  

The eeperege to  th e  e le c tro d e  was l a t e r  a d ju s ted  to  th e  d e s ire d  v a lu e  

a f t e r  th e  I t  ;h t source had been p laced  In  l in e  w ith  th e  o p t ic a l  

sy e tea  o f  th e  e tsectroscope.

13.  The f i n a l  t e s t  so lu tio n s  were h S w ith  re s p e c t to  n i t r i c  a c id .

14. The fo llo w in g  l in e s  were used  in  t ek ing  th e  reed ingsi

Lithium 6708 A0 Cadmium 5086 A0

Copper 5218 A0 Zinc 4722 A°

Magnesium 5184 A° Calcium 4226 A0

15. The con tinuous l i # t  spectruza, background l ig h t ,  produced by the ho t 

e le c tro d e , wee su b tra c te d  from the  average maximum d e f le c t io n  o f  the  

$*Iv e n e a e te r  read in g  la b e l le d  " d if fe re n c e "  In the t a b le s .

16. In  o rd e r to  o b ta in  th e  average maximum d e f le c t io n  reed in g  o f the  

galvanom eter e c e le , i t  was n ecessa ry  to  c o n sid e r th e  le n g th  o f time 

th e  l i g h t  beam from th e  galvanom eter sp en t e t  a given s e t t in g ,  i .  e .

10 seconds a t  265 cm would be more im portan t than  *1 second a t  2?9 

cm. The s p u t te r in g  o f  th e  e le c tro d e  caused the  galvanom eter to  be 

u n s ta b le .

17. The fo llo w in g  s tan d ard  s o lu tio n s  were made from the  w eighed-out s to ck  

so lu tio n s  o f  .10  ntg/alt 5» »5« . 05« 2 , . 2 , . 02, I ,  ,1  ag/ral o f each 

e lem ent. % e s tan d a rd  s o lu tio n s  were In tu rn  used to  make the fo llow ­

ing c o n c e n tra tio n s  when made up w ith  th e  20 ml o f  th e  HMÔ  used on 

th e  e le c tro d e s !  . 5 , . 25, . 1, . 05, . 025» .01  mg/ml o f  each elem ent.

« 13



I .  m m i i  jgg  n m

Ia  eay 20 ml o f  s o lu t io n  th e  c o n c e n tra tio n s  o f  th e  e le a e n te  p re s e n t 

were th e  eeae except f o r  th e  In te rn a l  s ta n d s rd s  which wee »2 a g /a l  la  s l l  

Ceeeet w heress the  l i th iu m  o f Tmblee I I  through V end th e  copper In Table 

X IIt bo th  o f  which were f iv e  tim es th e  co n ce n tre t Ion o f  th e  o th e rs .  I t  

was no t p o e e lb le  to  d e te c t  th e  l l t h l i a  end copper In th e  sane concen tra­

tio n  me th e  o th e r  elem ents*

The graph* o f  th e  d*t«- were -rouped♦ T lp ire s  5 through 9 a re  those 

in  which cmdalua wme used me the  In te rn a l  s tan d a rd . T lguree 10 through 

13 a re  th o se  w ith  li th iu m  as th e  In te rn a l  s tan d a rd . Imch f ig u re  Ie  «t p lo t  

o f  a s in g le  elem ent. The Bommn num erals th a t  id e n t i fy  e reh  curve a lso  

re p re se n t th e  ta b le  from which the  d a te  f o r  th e  curve was o b ta in ed . The 

legend on each graph g iv e s  f I r e t t th e  elem ent used es th e  in te rn a l  standard* 

second, th e  elem ent p lo t te d  i s  underlined*  th i r d ,  any a d d it io n a l  elem ents 

th a t  were p re s e n t  In th e  same s o lu t io n . The amperages appearing  in  T igure 

Ih  were th e  amperages re q u ire d  by th e  in te r n a l  s tandard  in  o rd e r to 

produce a d e f le c t io n  o f 250 cm on the  galvanom eter s c a le .
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3m. of D eflejction

Figure 5 
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Cu. Li

Cm. of L efle c t io n

Figure 6
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F igu re  7 
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Cd. L i.

Cd. Li

Cd. Li

Cm. of Def



L i. Mg,. Ca. Zn

Cm, o f D efl ic t io n

Figure 10
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Cm, of D e f le c t io n
Too" 150 ZOO

F igure 11
-  34 .
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Zn. Cu

Cm. o f D e f le c t io n

F igure  12



5

F igure 13
-  36 -



F igure 14
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V II. DISCUSSION

She d » t?  o f  TVble# IX throui^i XV were oM sined  f i r s t .  In  general 

A nelytl e a l  p ro ced u res  l l t h l u a  Ie  n o t encountered  end f o r  th i s  reeeon I t  was 

chosen f o r  th e  In te rn a l  s tan d a rd . In  choosing the  In te rn a l  standard  method 

ee e h e e ls  o f  comparison* I t  wee hoped th a t  by a d ju s t in g  the  e le c tro d e  

system to  produce a c o n s ta n t I n te n s i ty  o f  l ig h t  th a t  the  energy c a r r ie d  by 

o th e r  e lem ents would be compensated f o r  end a s in g le  curve o b ta in ed ; I .  

the  a d d itio n  o f  <g, Zn and Cu, cu rves X II I ,  XIV end XV, F igu re  11, to  the 

Ll-Ce s o lu t io n ,  curve X, would p o s s ib ly  h e re  produced id e n t ic a l  curves 

w ith in  experim en tal e r r o r .  The curves o b ta in ed  from the  p lo t t in g  o f th e  

calcium  d a te . F igu re  11, w i l l  I l l u s t r a t e  whet was found to  take p la c e .

There I s ,  undoubtedly , some experim en ta l e r r o r  p re s e n t  b u t I t  could In  no 

way account f o r  th e  r e s u l t s ,  f t  th e  ,05  mg/ml c o n c e n tra tio n  o f  Cs, curve 

X, a d e f le c t io n  o f  62 cm was o b ta in ed . The a d d itio n  o f  *05 mg/ml o f Mg 

re s u lte d  In  on ly  a d e f le c t io n  o f $0 cm. In  o th e r  w ords, th e  a d d itio n  o f  

Mg decreased  th e  I n te n s i ty  o f  l i g h t  produced by the  calcium  o r  Increased  

th e  l i g h t  produced by th e  li th iu m . From F igure  14, i t  can be seen th a t  

the  amperage needed to  produce the  62 cm d e f le c t io n  o f  calcium  was ,32 

amps. The amperage re q u ire d  to  produce th e  50 ea d e f le c t io n  in  th e  p resence  

o f  Mg was .37  amp#.

To have to  In c rease  th e  c u rre n t l a  o rd e r to  ge t th e  esse  amount o f  

l i g h t  from th e  In te rn a l  s tan d a rd , as more Ions a re  added, to  th e  so lu tio n  

could be expec ted . In  curve XIV, Zn had been added to  th e  Ll-Ce-Mg so lu ­

t io n .  f t  th e  c o n c e n tra tio n  o f .05 ag /m l o f  Cs, a  d e f le c t io n  o f  65 cm was 

o b ta in ed , an In c rease  o f  1$ cm in  d e f le c t io n  when Zn was added. At the

— 38 —



.1  mg/ml c o n c e n tra tio n  o f  Ce, the  d if f e r e n c e  between cu rv ee X III end XIV 

ie  en ln c reeee  in  d e f le c t io n  o f  70 cm. from f ig u re  14, curve XlV shows 

Ie se  amperage used -  ,01 s«p , le e s  -  th en  curve X lII e t  the  ,05 a g /a l  o f  

Ce. the  ,01  a g /a l  o f  Ce the  curve X ItI  req u ired  .02  eap . more then  th e  

curve XIV. Curve XV Ie  en a d d it io n a l  In c rease  in  d e f le c t io n  o f 20 ea  * t  

th e  .05  ag /m l o f  Ce ^nd » leo  an a d d i t io n a l  In c rease  » t th e  .1  a g / s l  o f  Ce 

o f hg ea , The eaper*ge used  to  produce the  d e f le c tio n #  o f  curve XV was 

.01 e#p. l e s s  a t  the .05  ag /ia l o f  Ca *ad ,09  asp , le e s  « t  the  .1  mg/ml o f 

Ca,

An exam ination o f  th e  Mg cu rv es , f ig u r e  10, th a t  was added to  th e  Ca 

o f  F igu re  11 shows a ve ry  s im ila r  b eh av io r to  the Ca o f  F igu re  11. As more 

elem ents a re  added to  th e  s o lu tio n  th e  amount o f  d e f le c t io n  i s  in c re a se d ,

I ,  the  Mg lone r e s u l t  in  the  p ro d u c tio n  o f more l i g h t .  Ihe  c ro ss in g  

over o f  cu rves XIV and XV o f  F igure 10 does not r e a d i ly  lend i t s e l f  to  an 

e x p lan a tio n . The same c ro s s in g  over o ccu rs  on F igure  12, curves XIV and XV, 

which i s  the  graph o f  Zn, In  g e n e ra l, th e  same s h i f t in g  occurs in  F igure  

12.

The cu rv es  o f  Cu, F igu re  13, a re  o f  two w idely d i f f e r in g  concen tra­

tio n s  and consequen tly  do not lend  them selves to  a g re a t  d e a l o f  i n t e r ,  

p r o ta t io n .  The f a c t  th a t  they  re p re se n t d a ta  o f such w idely  d i f f e r in g  

c o n c e n tra tio n s  may p o in t  to  * need o f g e t t in g  more co n c lu s iv e  d a te . Some 

o f the  e r r a t i c  c h a ra c te r  o f  th e  o th e r  cu rv es  may be due to  t h e i r  be ing  

p lo t te d  on such a la rg e  s c a le .  Any s l ig h t  e r ro r  would be g re a t ly  magni­

f ie d .  I t  i s  d e s ira b le  to  o b ta in  d a te  th a t  would cover a much w ider range 

o f  c o n c e n tra tio n s  b e fo re  any d e f in i te  co nclusions a re  drawn.
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In  g e n e ra l, to  eummprtse the  p reced in g  f ig u re *  10, 11, 12, 13, the 

ln e reeee  In number o f  elem ents p re s e n t ln c reeeee  the s e n s i t i v i t y  (ea o f  

d e f le c t io n )  o f  e l l  e lem ents p re s e n t .  The c u rre n t needed to  produce th i s  

ln e re e se  In  s e n s i t i v i t y  decreesee  ee more elem ents ere  rdded . I f  the  

p re sen ce  o f the  edded elem ents bed e r r r l e d  more o f  the  c u r ra n t  which had 

o r ig in a l ly  been used by the  In te rn e !  e ta a d s rd , I t  would seem lo g lc e l  th e t  

I t  should  h e re  been neeeseery  to  ln c re s s e  th e  c u rre n t su p p lied  to  the 

e le c tro d e  In  o rd e r  to  r e - e e te b l ie h  th e  d e s ire d  I n te n s i ty  o f  th e  l n t s r a r l  

s te n d e rd . Since th e  c u rre n t used wee e c tu s l ly  le s s  re  more elem ents were 

added, some o th e r  e* p l#n« tlon  Is  n ecessa ry , fin ex p lan a tio n  o f how one 

elem ent could  s e t  upon an o th er to  #euee then  bo th  to  produce more l l ^ i t  

f o r  m  em ission  sp e c tre  could  n o t be found. However, a s tudy  o f  the 

n a tu re  o f  th e  l i g h t  source taey p o s s ib ly  re v e a l an ex p lan a tio n .

The d a te  sumaprleed in  th e  cu rvee produced from Tables IX through Xf 

In d ic a te d  th a t  p e r t  o f  the  I r r e g u l a r i t i e s  could  be due to  the  presence o f 

th e  l i th iu m . >a r  r e s u l t ,  eedatwti was chosen as the  nex t In te rn a l  s tandard  

and lith iu m  wee used  as sn a d d it io n a l  elem ent along w ith  Mg, Ce, Zn and 

Cu. Curves I I ,  I I I ,  I f  and V, f ig u r e  9 , e re  th e  p lo ts  o f  L I , as the addi­

t io n a l  elem ents were added. I t  Is  e a s i ly  seen th a t  as the  number o f 

e lem ents in  the  s o lu t io n  in c reased , th e  I n te n s i ty  o f  the  LI d ecreased . The 

f a c t  th a t  th e  Li v a lu e s  seemed to  approach a c o n s ta n t v a lu e  o f  d e f le c t io n  

was p ro b ab ly  due to  th e  e p e e tre l  response o f the  m u l t ip l ie r  p h o to tube . An 

exam ination  o f f ig u r e  Ih  w i l l  show th e t  en Inorwasp in  amperage wss re ­

q u ired  to  produce the  d e s ire d  s p e c tre !  in te n s i ty  o f  the in te r n a l  standard 

as  the  number o f  elem ents In th e  so lu tio n  in c re a se d , This Is  e co n tra -
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d ic t io n  o f  the  r e s u l t#  o h t# Ined from d a ta  o f  7«hlee IX through XT. An 

ex aa ln F tlo n  o f  cu rv ee I I .  I l l ,  IT end V o f  f ig u r e s  5» 6 , 7 end 6 shows 

*n ln e re ee e  In s e n s i t i v i t y  o f th e  e le a e n te  Mg, Ce, Zn end Cu »e each o f  

th e se  a d d itio n * !  elem ent# wee added to  the  s o lu t io n .

A review  o f  th e  r e s u l t#  o f  th e se  two group# o f d a te  w i l l  show th a t  

w ith  LI ## the  In te rn a l  s tan d a rd , the  a d d itio n  o f d i f f e r e n t  elem ent# to 

th e  s o lu t io n , causes an In c rease  in  s e n s i t i v i t y  o f  a l l  th e  elem ents 

p r e s e n t .  The amperage needed to  produce th i s  ln e raese  In  s e n s i t iv i ty  SJtm 

c re a s e B as more elem ent# a re  added. With cadmium a# the  in te r n a l  e tandard , 

th e  s e n s i t i v i t y  o f  th e  elem ent* p re s e n t  i s  again  Increased  a# more elem ent# 

a re  added, h u t In  t h i s  case  th e  Rjnperage re q u ire d  to  produce th e  normal 

In te rn a l  standard  had been In c reased . While the  Mg, Ce, Zn end Cu were 

in c re a s in g  In  I n te n s i ty ,  the  In te n s i ty  o f  the  LI was d e c rea s in g  as the 

number o f  elem ents In th e  s o lu t io n  In c reased .

In o rd e r  to  g a in  fu r th e r  In fo rm ation  on what th e  e f f e c t  o f  LI might 

h e , th e  d a ta  in  T ables I ,  T I, TH and T i l l  were o b ta in ed . In  these  ta b le s  

th e  e lem ents p re s e n t  a re  the  same »e In  Tables I I ,  I I I ,  IT and T except 

th a t  LI Ie  ab sen t In  a l l  e a s e s . In  the  d a ta  shown, th e  amperage# a re  seen 

to  in c re a se  a# th e  number o f  elem ents in  th e  s o lu tio n  was In c reased , and 

th e  In c rease  In th e  I n te n s i ty  o f th e  l i g h t  produced, ee more elem ents were 

added, was n o t n e a r ly  eo g re e t  a# i t  we# when Li wee p r e s e n t .

— h i  «*
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1 . The l l j h t  source w »  a c re  th rn  edequete f o r  the  epectroeeope a v a ila b le  

f o r  th te  In re e tlS F tto n .

2 . The low er l i a i t s  o f  d e te c t io n  wee lim ite d  by the  background l ig h t  pro­

duced by th e  submerged e le c tro d e , f u r t h e r  e x p e r ia a n ts t ion  could probab­

ly  reduce t h i s  l im it in g  f a c to r .

3 . When lith iu m  i s  used  es th e  in te r n a l  s ta n d a rd , the  a d d it io n  o f the 

elem ents s tu d ie d , end in c re a s in g  th e i r  c o n c e n tra tio n , ln c re ese e  the 

s e n s i t i v i t y  o f  e l l  e lem ents p re s e n t ,

h , I f  eedmium i s  u sed  es th e  in te rn e !  e ten d s rd , th e  s e n s i t i v i t y  o f l i th iu m  

d ecreases  w ith  a d d itio n  o f  the  elem ents s tu d ie d  end w ith  t h e i r  in c re a s ­

ing  c o n c e n tra tio n . I f  l i th iu m  i s  no t p re s e n t  th e  ln o reeee  in  s e n s i t i v i t y  

o f  th e  e lem ents s tu d ie d  i s  n o t n e a r ly  so g re e t .

5 , With ti s in g le  elem ent in  e  s o lu t io n , I t e  c o n c e n tra tio n  cou ld  be r e a d i ly  

determ ined from e known c o n c e n tra tio n  cu rv e ,

6 , from th e  b eh av io r o f  the  elem ents s tu d ie d , i t  i s  though t th a t  due to  th e  

s h i f t in g  o f  th e  cu rves caused by the a d d itio n a l e lem en ts , a group o f 

unknowns from c lo s e ly  r e la te d  so u rces , hav ing  the  seme elem ents p re s e n t ,  

could  be an a ly sed  q u a n t i ta t iv e ly  by t h i s  method, "each group of unknowns 

would p robab ly  need a d i f f e r e n t  s e t  o f  known cu rves,

7 , I t  i s  ap p aren t from the  curves p re sen te d  in  th i s  work th a t  each elem ent 

h as  a c h a r a c te r i s t i c  cu rve .
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