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Abstract:
A study of the comparative value of the various wave lengths for the measurement of magnesium
emission intensity in flame photometry shows that the emission to background ratio is highest at 371
mu. The anion present has a great influence on the emission intensity at all wave lengths; the effects are
more pronounced in the oxide band region (355 mu to 410 mu) than at the atomic line (285.2 mu). A
study of depression curves recorded at various wave lengths shows that the detail of depression is
similar at the principal wave lengths.

A new technique was developed for investigating the effects on emission intensity of adding varied
increments of an additive to a standard solution in flame photometry. A device was designed which
made possible an automatic and quantitive increase of an additive while holding the concentration of a
standard constant and delivering a representative sample of this solution to the aspirator of the flame
photometer burner. The emission intensity was continuously recorded, This technique simplifies and
appreciably, reduces the time required for an investigation.

An extensive investigation of anion effects on magnesium emission showed that they are more
complex than was formerly believed, possibly because of several contributing factors, A tentative
explanation is presented for some of the observed anomalies. It is felt that additional,information
regarding high temperature chemistry is necessary for a more adequate explanation.  
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■ I  ABSTRACT

A s tu d y  o f  t h e  c o m p a ra tiv e  v a lu e  o f  th e  v a r io u s  wave l e n g t h s  f o r  t h e  
m easu rem en t o f  m agnesium  e m is s io n  i n t e n s i t y  i n  f la m e  p h o to m e try  shows t h a t  
t h e  e m is s io n  t o  b ac k g ro u n d  r a t i o  i s  h i g h e s t  a t  371  mu» • The a n io n  p r e s e n t  
h a s  a  g r e a t  i n f l u e n c e  on  t h e  e m is s io n  i n t e n s i t y  a t ? - a l l  wave l e n g t h s j  t h e  
e f f e c t s  a r e  m ore p ro n o u n ce d  i n  t h e  o x id e  b an d  r e g io n  (3$$ mu t o  1*10 mu) 
t h a n  a t  t h e  a to m ic  l i n e  (28^*2  m u)» A s tu d y  o f  d e p r e s s io n  c u rv e s  r e c o r d e d  
a t  v a r io u s  wave l e n g th s  show s t h a t  t h e  d e t a i l  o f  d e p r e s s io n  i s  s i m i l a r  a t  
t h e  p r i n c i p a l  wave len g th s®

A new te c h n iq u e  was d e v e lo p e d  f o r  i n v e s t i g a t i n g  t h e  e f f e c t s  on  e m is s io n  
i n t e n s i t y  o f  a d d in g  v a r i e d  in c re m e n ts  o f  a n  a d d i t i v e  t o  a  s t a n d a r d  s o l u t i o n  
i n  f la m e  photom etry®  A d e v ic e  was d e s ig n e d  w h ich  made p o s s i b l e  a n  a u to m a tic  
and  q u a n ti t iv e  i n c r e a s e  o f  an  a d d i t i v e  w h i le  h o ld in g  th e  c o n c e n t r a t io n  o f  a  
s ta n d a r d  c o n s ta n t  and d e l i v e r i n g  a  r e p r e s e n t a t i v e  sam ple  o f  t h i s  s o l u t i o n  t o  
t h e  a s p i r a t o r  o f  t h e  f la m e  p h o to m e te r  burner®  The e m is s io n  i n t e n s i t y  was 
c o n t in u o u s ly  reco rded®  T h is  te c h n iq u e  s i m p l i f i e s  and a p p r e c ia b ly ,  r e d u c e s  
t h e  t im e  r e q u i r e d  f o r  an  in v e s t ig a t io n ®

A n ^ e x te n s iv e  i n v e s t i g a t i o n  o f  a n io n  e f f e c t s  on  m agnesium  e m is s io n  
show ed t h a t  t h e y  a r e  more com plex th a n  was f o r m e r ly - b e l ie v e d ,  p o s s i b l y  b e ­
c a u se  o f  s e v e r a l  c o n t r i b u t i n g  f a c to rs ®  A t e n t a t i v e  e x p la n a t io n  i s  p r e s e n t ­
ed  f o r  some o f  t h e  o b s e rv e d  anom alies®  I t  i s  f e l t  t h a t  a d d i t i o n a l , i n f o r m ­
a t i o n  r e g a r d in g  h ig h  te m p e r a tu r e  c h e m is tr y  i s  n e c e s s a r y  f o r  a  more a d e q u a te  
e x p la n a t io n *



I I  IMTRGDUGTIGN'

AvS tirvey  o f  t h e  l i t e r a t u r e  shows t h a t  a riib h  e f f e c t s  w ere  ..'long  o v e r-1
‘ 1 . • . . .  ■ r ' • 1 . ■

lo o k e d  a s  i n t e r f e r e n c e s '  i n  f la m e  p h o to m e try ^ ' T h is  o v e r s ig h t  h a s  l e d  t o  t h e

d e v e lo p m en t o f  a n a l y t i c a l  p ro d h d tire s  o f  q u e s t io n a b le  a c c u r a c y  f o r  c a lc iu m  an<$" 

m agnesium^' -These two. e le m e n ts ' g iv e  m o d e ra te  e m is s io n ' when' e x c i t e d  i n  t h e  

o x y g en ^ h y d ro g en  f la m e ® ■ in f o r m a t io n  now a v a i l a b l e  i n d i c a t e s  t h a t  t h e  e m is s io n  

i n t e n s i t y  w i l l  v a r y ' c o n s id e r a b ly ' w i th  t h e  anions'" p r e s e n t  i n  a tiueb iis  s d ^ fe io n s ^
. • I ' . ’ ’ . • • ' . ' • ' „ v  . . .

T h re e  in d e p e n d e n t ly  c o n d u c te d  i n v e s t i g a t i o n s  o f  a n io h  e f f e c t s  - oh ':; O a l - : .
■ ; . r

I ' ;
„  V (  ,

eium  e m is s io n ' I n t e n s i t y  w ere  r e c e n t l y  r e p o r t e d  ( 2 j "7» .1 1 )@ A n ib n , e f f e c t s '

w e re  s t u d i e d  b y  a d d in g  in c re m e n ts  o f  v a r io u s  a n io n s ,  as'' a c id s , ;  to "  a  s e r i e s  o f

calcium chloride standards ■ arid1' noting, 'the change in emission' intensity wheh 

the resulting solutions' Wpfe - aspirated' into the flame of a' flake photometer
.. . .  . . .  . ■, ■ » ' ■ ■ ,  i I , "  . V f. _ ‘:y  ~

Since, increments of tydrochldfI e acid produced no 'change" in emission inters
■ . v . C- --'/-V , ' :: ' : r--:- >' „

sity^' 'the" hydrogen ion' wa s ' considered'tô  have ' no" effect oh emission' inten-' ^ 

sltyV Characteristic cufves ' taiireh" from data" of Baker and Johnson'. (2) f.,shown
' ' ' " "  . - • - -■ ' ' : ' I ' :■ - .-. : V . ' .

i n  f ig u r e - 1 >  shows th e "  e f f e c t s ,  o f  p h b s p h a te ,  s u l f a t e ^  p e r c h l o r a t e , - .and O h lo ^
‘M r

r i d e  i o n s . on  th e  e m is s io n  i n t e n s i t y '  o f  c a l c i t m t '  -The m arked  d e p r e s s in g

e f f e c t "  o f  p h o s p h a te 'w a s 'n o t e d 'i n  a l l  t h r e e  i n v e s t i g a t io n s ';  t h i s  'w as'appaf'-*’
! • ' • - . . \  ,‘-k - ' i| .. . - -.s ‘ ■ ,

e n t i y  one'.' o f  t h e  d o m in a n t ' a h io n ' e f f e c t s  .b e c a u se  t h e '' d e p re s s in g - ' , e f f p d f  

s i s t e 'd  i n  t h e  p r e s e n c e  o f  o t h e r  '• 'anionS* As a  means of- a v o id in g  e 'f f o f S"' d u e ' 

t o  p h o s p h a te  i n t e r f e r e n c e  i n  t h e  f la m e  p h o to m e tr ic  d e te r m in a t io n  o f  c a lc iu m ^

■ i t ' was" s u g g e s te d  " t h a t  p h o s p h a te  io n s  b e ' added  t o  b o th  ' s t a h d d f  d s ' a n d " u fkndw hS " 

i n  s u f f i c i e n t  q u a n t i t y 1 t o 1' d e p fe s s  th e  e m is s io n  i n t e n s i t y  t o  a ' 'minimum^'

A h 'i n v e s t i g a t i o n  o f  an io h '' e f f e c t s  o n  m agnesium  fla m e  e m is s io n  i n t e n s i t y
f

w as' c a r r i e d ' o u t  b y  A n d erso n  ( I ) & -The a n io n  e f f e c t s  w ere  s tu d i e d  b y  a d d in g



in c re m e n ts  o f  t h e  c o r r e s p o n d in g  a c id s  t o  m agnesium  c h lo r i d e  s ta n d a r d s  p r e ­

p a re d  b y  r e a c t i n g  m agnesium  r ib b o n  w i th  h y d r o c h lo r ic  a c id . F ig u re  2 a a  p a r ^  

t i a l  r e p r o d u c t i o n  o f  a  g ra p h  p r e s e n te d  b y  A nderson3 shows th e  e f f e c t s  on  

e m is s io n  i n t e n s i t y  o f  th e  v a r i o u s ■c o n c e n t r a t io n s  o f  p h o s p h o r ic ;  S u l f u r i c 3 

h y d r o c h lo r i c s a n d " p e r c h lo r ic  a c id s  i n  Q0OQlt Z  m agnesium  c h lo r id e *

A 'c o m p a r iso n  o f  f i g u r e s  I  and  2■i n d i c a t e s  t h a t ' t h e  a n io n  e f f e c t s  on 

m agnesium  e m is s io n ' i n t e n s i t y  a r e  v e r y  s i m i l a r  t o  t h e i r  e f f e c t s  on  c a lc iu m  

e m is s io n  i n t e n s i t y * ' I n  b o th  i n s t a n c e s  i t  was o b s e rv e d  t h a t  t h e  p r e s e n c e  

o f  p h o s p h o r ic  a c id  c a u se d  a  m arked  d e c r e a s e ,  s u l f u r i c  a c id ' c a u se d  a  m od--' 

e r a t e  d e c r e a s e ,  h y d r o c h lo r ic  a c id  c a u se d  l i t t l e  o r  mo ch a n g e , and  p e r c h l o r i c  

a c id  c a u s e d  a  m o d e ra te  i n c r e a s e  i n  t h e  e m is s io n  i n t e n s i t y *

M agnesium  e m is s io n  i n t e n s i t y  h a s  b e e n  r e a d  a t  s e v e r a l  wave l e n g th s  w ith  

l i t t l e  o r  no r e a s o n  g iv e n  f o r  t h e  s e le c t i o n *  Some o f  th e  wave' l e n g th s  t h a t

have  b e e n  u s e d  a r e ' 28^*2' mu (sfy' 6 , 8j, 10)$ 371  mu ( I ,  10) -383 mu" ( 9 ) y amd'
"  ■ ■ . ' ,

383 mu (6 )  * One m e n tio n  (8 )  w as' made o f  a v o id in g  i n t e r f e r e n c e  o f  i r o n  b y

u s e  o f  283»2: mu r a t h e r  t h a n  371 or 383 mu*

The p r e s e n t  i n v e s t i g a t i o n  was u n d e r ta k e n  t o  com pare t h e  u s e f u ln e s s  o f

t h e ‘v a r io u s  wave l e n g t h s ' i n  u s e ,  t o  d e t e r m i n e - i f  a n io n  e f f e c t s  a r e  t h e  same
- . ■ , ■' ■'

a t ” a l l  u s e f u l  wave l e n g t h s ,  and ' t o ' s tu d y  m ore c r i t i c a l l y  t h e  p h o s p h a te  and

s u l f a t e  i o n  e f f e c t s 'o n  m agnesium  e m is s io n  i n t e n s i t y  m e a su rem e n ts<» A b e t t e r  

u n d e r s ta n d in g  o f  t h e s e ' f a c t o r s ' i s  o f c o n s id e r a b le  im p o rta n c e  i n  f la m e  photo­

m etric d e te r m in a t io n s  o f  m agnesium*
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• I I I  EXPERIMENTAL

A Beckman m odel BTJ s p e c t r o p h o to m e te r  w i t  H a  "m odel 9200 f  lstme a t t a c h ­

m ent ' and  a  p h o to m v tltI p l i e r  u n i t  was t h e  b a s i c  in s t r u m e n t  u s e d  i n  t h e  i n ­

v e s t ig a t io n # -  A number- lj.020 o x y g e n -h y d ro g e n  b u r n e r  was u s e d  f o r  e x c i t a t i o n #  

A d d i t io n a l  eq u ip m en t u s e d  i n " t h e  i n v e s t i g a t i o n  was a 'U p e c t r a l  s c a n  a n d "r e ­

c o rd in g  a ttach in d m t f o r  t h e  s p e c tro p h o to m e te r#  I n  c o n ju n c t io n  w ith  t h i s  a  

l / 3  s e c o n d  f u l l - s c a l e —t r a v e l , ' 0 t o  10 m i l l i v o l t  Brown r e c o r d e r  was used*- A 

t a p  k e y  was p la c e d  i n  t h e  r e c o r d in g  c i r c u i t  s o  t h e  c h a r t  c o u ld  be  m arked b y  

s h o r t i n g  t h e  c i r c u i t #  I n  a d d i t i o n  t o  t h i s 'c o m m e r c i a l l y  a v a i l a b l e  equ ip m en t 

a n  a u to m a tic  m ix in g  d e v ic e  and- b u r n e r  f e e d  was d e s ig n e d  and  b u i l t  f o r  u sd  i n '  

t h e  i n v e s t i g a t io n #  D e ta i l e d  d e s c r i p t i o n  o f  t h i s  eq u ip m en t w i l l  a p p e a r  l a t e r  

i n  t h i s  s e c t io n #  ■

S ta n d a rd  s o l u t i o n s  u s e d  - i n  t h e  i n v e s t i g a t i o n  w ere p r e p a r e d  from  a n a l ­

y t i c a l  g rad e , r e a g e n t s ; and  d i s t i l l e d " w a t e r a  - .S o lu t io n s ,  " w i th  t h e ' e x c e p t io n  o f  

m agnesium ' s to c k  s o l u t i o n s ,  w ere s to r e d  - i n  p y re x  g la s s ' s to p p e r e d  v o lu m e tr ic  

f la s k s * -

F o u r ' m agnesium ' s to c k  s o l u t i o n s  w ere  p r e p a r e d  a s  f o l lo w s  s M agnesium1' mi® 

i r a t e ,  'c h lo r id e ',  a c e t a t e ,  and  s u l f a t e  s a l t s  w ere w eighed  o u t  i n t o  s e p a r a te  

5>00 m l v o lu m e tr ic  . f l a s k s '  i n  s u f f i c i e n t  q u a n t i t i e s  t o '  make a p p ro x im a te ly  one - 

m o la r  S o lu t io n s  o f  e a c h # 1 -Magnesium c o n c e n t r a t io n  i n  t h e s e 1 s o lu t i o n s  w a s ' 

a c c u r a t e l y  d e te rm in e d  b y  g r a v im e t r i c  p ro c e d u re * -  The m agnesium  was ■ p r e c i p i - ' 

t a t e d  a s  m agnesium  ammonium p h o s p h a te  and  a f t e r '  h e a t in g  t o  1000® G f o r  's e v ^  

o r a l  h o u rs  i t  was w e ighed  - a s  m agnesium  p y ro p h o sp h a te #  D e te rm in a t io n s ' w ere  

r u n  i n  t r i p l i c a t e  on  e a c h  s o l u t i o n  w i th  t h e  maximum d e v i a t i o n '  fro m  a v e ra g e ' 

b e in g  0*021#* P y re x  g l a s s  s to r a g e  c o n ta i n e r s  w ere p r e p a r e d " b y  s e a l i n g



tw e lv e  in c h  e x te n s io n s  on t h e  n ecks o f  2^0 m l f l h r e n e e  f l a s k s .  A f te r  t h e  

m agnesium , s o l u t i o n s  w ere " p la c e d  i n  t h e  f  I a s k s 5- t h e  to p s  w ere  s e a l e d  w i t h  a  

g l a s s  b lo w in g  to rc h *  To p r e p a r e  s ta n d a r d  s o lu t io n s ',  t h e  s e a l  was b ro k e r^  

an  a l iq u o t-  w a s ' q u a n t i t a t i v e l y  r e m o v e d 'b y ' p i p e t t i n g 'a n d  t h e  c o n ta in e r  was 

re s e a le d * -  The w o rk ih g r<'s ta n d a r d s  w ere  made t o  OeQlj.'M C o n e e n t r a t io n 6

Approximately O 6O^ I  solutions'of BaHgPO^5 (BH^)HgPO^ and

H3PQfĉ f e '  prepared*- .After the phosphate''concentration"was' determined 

Colorimetrieally5■ the concentrations of the solutions were adjusted to' Q 6Oh 

molar*

8

S o lu t io n s  o f  s u l f u r i c , ' '  h y d r o c h lo r i c ,  n i t r i c , "  a c e t i c , -  and p e r c h l o r i c  

a d d s  w ere  p r e p a r e d  b y  d i l u t i n g ' c o n c e n t r a te d  a c id s  * T hese s o l u t i o n s '  w ere 

t h e n  s ta n d a r d iz e d  b y  t i t r a t i n g  w ith  a  s ta n d a r d  b a s e  and a d j u s t i n g  t o  th e
v ' '

d e s i r e d  O6-QJ) M c o n c e n tra t io n ®

S o lu t io n s  of- Q6QJs M BagSOfc, ' MaGl,- and K-Gl w ere  p r e p a r e d  by

d i s s o l v i n g  th e  a p p r o p r i a t e ' am ounts o f  th e "  s a l t s  i n  d i s t i l l e d  w a te r  and- d i ­

l u t i n g  to ' t h e  m ark i n  v o lu m e tr ic  f I a s k s 6-

S p e c t r a l  s c a n s ' o f  th e  f la m e  'e m is s io n ,  o b ta in e d  w h ile  a s p i r a t i n g  QiQQlj 

M s o l u t i o n s  o f  e a c h  o f  th e 'm a g n e s iu m  s a l t s ’ and d i s t i l l e d  w a te r ,  -p rov ided"  

in f o r m a t io n ' a b o u t t h e  r e l a t i v e  v a lu e s ' o f  th e  v a r io u s  wave l e n g th s  u se d  in '1' 

m agnesium  d e te rm in a t io n s -6 F ig u re  3 shows a' s e t  o f  s c a n s  w here  r e l a t i v e ' 

e n e rg y  i s  p l o t t e d 'a g a i n s t  wave l e n g t h ' f o r  t h e  tw o ran g es"  2-86 mu t o  290 mu 

and 3Jp0 mu t o  IjlO mti6-: R e la t i v e  e n e rg y ' i s  u s e d  i n  l i e u  o f  a ' b e t t e r  term *  ■ 

I t  i s  to ' b e  understood, however, th a t-  t h i s  i s  a  m easu re  o f  e m is s io n  i n t e n -  ‘ 

s i t y *  In ' p r e p a r in g  t h e s e  s c a n s  t h e  f o l l o w in g  p ro c e d u re  w as used: ( a )  W ith

t h e  in s t r u m e n t  p r o p e r l y  warmed up,- t h e  p h o to m u l t i p l i e r  s e n s i t i v i t y  was se t-



t o  p o s i t i o n  Ils s p e c t r o p h o to m e te r  check  s w i tc h  s e t ' t o  wave' l e n g t h  s e t  t o  

371  Mh5 t h e  s l i t  w id th  s e t  to ' >07 mm5" and  t h e  s c a n n e r  s e t  t©  r e c o rd *  (b )

The b u r n e r  was l i t *  The 'o x ygen" 'tank  p r e s s u r e  was s e t  a t  28 p 0s * i 0: and th e  

in s t r u m e n t  p r e s s u r e  was s e t  a t  10 p * S o i*  The h y d ro g en  t a n k  p r e s s u r e  was 

s e t  a t  10 pos 'o ia  and  th e  in s t r u m e n t  p r e s s u r e  was s e t  a t  3 p*s* i*"  ( e )  W hile  

a s p i r a t i n g  a  ©*0Oh M m agnesium  n i t r a t e  S o lu t io i i5' th e  d a rk  c u r r e n t  and 100% 

a d j u s t  w ere  s e t  so  a  c h a r t  d e f l e c t i o n  o f  0 u n i t s  was o b ta in e d  w i th  th e  

s h u t t e r  c lo s e d  and a  m o d e ra te  d e f l e c t i o n  was o b ta in e d  w i th  t h e  s h u t t e r '  open* 

(d )  The wave l e n g t h  was a d ju s t e d  t o  lj.10 mu5 t h e  "scan n er was tu r n e d  on i n  

t h e  d e c r e a s in g  wave' l e n g th  p o s i t i o n 'a n d  th e -  r e c o r d e r  c h a r t  was s im u l t a n i -  

c u s ly  t u r n e d  on*- ( e )  The scanner"and t h e  r e c o r d e r  c h a r t  d r iv e  w ere  s im u l -  

t a n i o u s l y  t u r n e d  o f f  when t h e  300 mu wave l e n g th  was re a c h e d *  ( f )  The 

wave l e n g t h 1 w a s ' a d ju s t e d  t o  2pO mu and th e '. s c a n n e r  and t h e  . c h a r t  d r iv e  w ire ' 

a g a i n ' t u r lied on* ' (g )  'When t h e  280 mu wave length  was r e a c h e d  t h e  s c a n n e r  

and t h e  c h a r t  d r iv e  Were tu r n e d  o f f  a g a in ,  (h )  The s h u t t e r  was c lo s e d  

and th e  d a rk  c u r r e n t  was a d ju s t e d  so  t h e  p e n  ro d e  ©n t h e  c h a r t  b a s e  l in e *  

th e  c h a r t  was m a n u a lly  t u r n e d  b a c k  t o  t h e  s t a r t i n g  p o s i t i o n ,  .The d a rk  

c u r r e n t  was t h e n  r e a d j u s t e d  t o  g iv e  a  c h a r t  d e f l e c t i o n  o f  0 u n i t s ,  ( i )  A 

f r e s h  s o l u t i o n  was a s p i r a t e d  and s c a n n e d  a s  b e f o r e ,  . S te p s  (h )  and ( i )  w ere 

r e p e a te d  f o r  e a c h  o f  t h e  OeOQii M m agnesium  s o lu t i o n s  and f o r  d i s t i l l e d  w a te r .  

The m agnesium  S p e c t r a l  e m is s io n  i n  th e  r a n g e  IilO mu t o  300 mu ca n  p ro b ­

a b ly  be  a t t r i b u t e d  t o  an  o x id e  b a n d  w i th  m a jo r  band h e ad s  a t  a p p ro x im a te ly  

382 -385f mu and  371  mu. The s h a rp  p e a k  a t  2 8 3 ,2  mu i s  a t t r i b u t e d  t o  an  

a to m ic  l i n e  b y  Manna e t  a l  ( 8 ) ,  S p e c tr o g r a p h ie  d a ta  i n  t h e  Hand Book o f  

C h e m is try  and P h y s ic s  (Ii) l i s t s  a  m agnesium  l i n e  a t  2832*13 A and a t t r i b u t e s
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i t  t®  t h e  n e u t r a l  m agnesium  atom*

When one ta k e s ' t h e  r e l a t i v e  e n e rg y  r e a d in g  o f  w a te r  ( f i g u r e  3) as ' b a c k ­

g ro u n d  and u s e s  as  e m is s io n  o n ly  t h a t  r e l a t i v e  e n e rg y  above t h i s  l e v e l  t o  

c a l c u l a t e  a n  e m is s io n - to -b a e k g ro u n d  r a t I o s i t  becom es a p p a re n t  t h a t  th e  

maximum v a lu e  f o r  t h i s  r a t i© ' w i l l  be o b ta in e d  i f  t h e  c a l c u l a t i o n  i s  made a t  

371  mu* The d i f f e r e n c e  i n  r e l a t i v e  e n e rg y  r e a d in g s s a t  th e  v a r io u s  wave­

le n g th s  f o r  t h e  s e v e r a l  m agnesium  s o l u t i o n s s w ould  a p p e a r  t o  b e  due t o  t h e  • 

a n io n  p r e s e n t  s in c e  t h e  s o l u t i o n s  w ere  o f  e q u a l  c o n c e n t r a t io n , ,  I t  a l s o  

ap p e are d ^  a s  shown i n  f i g u r e  3$ t h a t  t h e  a n io n  e f f e c t  was m ore p ro n o u n ced  

i n  t h e  o x id e  b a n d  th a n  a t  t h e  a to m ic - l i n e  wave le n g th *

S in c e  t h e  a n io n  e f f e c t  a p p e a re d  m o st p ro n o u n ced  and t h e  e m is s io n - to -  

b a e k g ro u n d  r a t i o  h i g h e s t  a t  t h e  o x id e  b an d  h e a d s s t h e  c o r re s p o n d in g  wave 

l e n g th s  seem ed b e s t  f o r  th e  i n v e s t i g a t i o n .  The f la m e  e m is s io n  sp e c tru m  o f  

e a c h  o f  t h e  p ro p o se d  a d d i t i v e s  was o b ta in e d  o v e r  th e  r e g i o n  3£0 mu t o  IfLO 

mu* O n ly  s l i g h t  r e l a t i v e  e n e rg y  was d e t e c t e d  when a l l  s o l u t i o n s  e x c e p t  

th o s e  o f  sod ium  and  p o ta s s iu m  s a l t s  w ere  a s p i r a t e d  i n t o  t h e  f la m e .  A l l  

" sod ium  and p o ta s s iu m  s a l t  s o l u t i o n s  gave  s u b s t a n t i a l  r e l a t i v e  e n e rg y  r e a d ­

in g s  w i th  t h e  i n t e n s i t y  i n c r e a s i n g  a t  th e  h ig h e r  wave l e n g t h s ,  F o r  r e a s o n s  

d i s c u s s e d  p r e v i o u s ly  and  t o  m in im ise  sod ium  and  p o ta s s iu m  in te r f e r e n c e ^  th e  

371  mu wave l e n g t h  was s e l e c t e d  f o r  t h e  i n v e s t i g a t i o n .

The e f f e c t  on  e m is s io n  i n t e n s i t y  o f  i n c r e a s i n g  c o n c e n t r a t io n  o f  p h o s­

p h o r ic  and s u l f u r i c  a c id s  i n  e a c h  o f  t h e  m agnesium  s ta n d a r d s  was f i r s t  

s t u d i e d  b y  th e  c o n v e n t io n a l  m eth o d . I n  t h i s  procedure, 2 ml o f a O0OU M 

m agnesium  s ta n d a r d  s o l u t i o n  was p i p e t t e d  i n t o  e a c h  o f  a  s e r i e s  o f  30 ml 

v o lu m e tr ic  f l a s k s |  p r o g r e s s iv e l y  l a r g e r  in c re m e n ts  o f  a  s ta n d a r d  a c id
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s o l u t i o n  w ere  ad d ed  t o  each s u c c e s s iv e  f l a s k *  T h e ' s o l u t i o n s  w ere  th e n  d i ­

l u t e d  to  t h e  m ark w ith  d i s t i l l e d  w a te r  and m ixed  w e l l*  The c o n c e n t r a t io n  

o f  m agnesium  i n  t h e  s o l u t i o n s  w ere OeOOlj..M and  th e  c o n c e n t r a t io n  o f  a c id  

v a r i e d  fro m  O t o  0*016 m o la re The r e l a t i v e  e n e rg y  was t h e n  m easu red  w ith  

th e  f la m e  p h o to m e te r  a t  a  wave l e n g th  s e t t i n g  o f  3 7 1  pa<, The in s t r u m e n t  

was s e t  t o  g iv e  a  r e a d in g  o f  80 on  t h e  t r a n s m i t t a n c e  s c a l e  when a  O0OOlt M 

m agnesium  c h lo r i d e  s o l u t i o n  was b e in g  a s p i r a t e d  and a l l  o th e r  r e a d in g s  

w ere  t a k e n  a t  t h e  same s e t t in g s ®  F ig u re  j? shows' t h e  e f f e c t  o f  i n c r e a s ­

in g  c o n c e n t r a t io n  o f  p h o s p h o r ic  a c id  i n  O0OOlj. M m agnesium  n i t r a t e a chlo­

r id e , a c e t a te , ,  and s u l f a t e  s o l u t i o n s 0 T hese c u rv e s  a r e  t h e  r e s u l t ,  ©f
V -x

r e p e a te d  c h e ck s  w i th  v e ry  s m a l l  c o n c e n t r a t io n  c h a n g es  ©f - th e  a d d i t i v e  fro m  

one s o l u t i o n  o f  a - s e r i e s  t o  t h e  n e x t*  The f i r s t  d a t a  t a k e n  when p h o s p h o r ic  

a c id  was added  t o  m agnesium  c h lo r i d e  gave p o i n t s  s i g n i f i c a n t l y  o f f  o f  a  

c u rv e  w ith  a  s i n g l e  i n f l e c t i o n  p o i n t  s u c h  a s  t h e  one shown f o r  a  s i m i l a r  

a d d i t i o n  b y  A n d erso n  ( I ) e When s m a l le r  in c re m e n ts  ©f p h o s p h o r ic  a c id  

w ere  u s e d ,  t h e  a r e a  o f  d o u b le  i n f l e c t i o n  was d is c o v e re d *  I t  w ould  a p p e a r  

t h a t  A n d e rso n -m isse d  p a r t  o f  t h e  d e t a i l  i n  h i s  i n v e s t i g a t i o n  b y  o b s e rv in g  

an  i n s u f f i c i e n t  num ber o f p o in ts *  The c u rv e s  p re s e n te d , i n  f i g u r e  5 ,  i n  

each i n s t a n c e ,  w ere  p r e p a r e d  from r e a d in g s  t a k e n  on tw o s e r i e s  o f  s o l u t i o n s  

made fro m  s e p a r a t e l y  p r e p a r e d  m agnesium  s ta n d a r d  s o l u t i o n s 0 The a c c u ra c y  o f  

t h e  m agnesium  c h lo r i d e  and  a c e t a t e  c u rv e s  was f u r t h e r  p ro v e d  b y  re a d in g 's  

t a k e n  on a  t h i r d  s e r i e s  p r e p a r e d  w ith  l i t h iu m  c h lo r id e  added  a s  a n  i n t e r n a l  

s ta n d a r d *  R ea d in g s  w ere  t a k e n  on  t h i s , s e r i e s  u s in g  th e  i n t e r n a l  s ta n d a r d  

t e c h n iq u e  t o  o b v ia te  su c h  p o s s ib l e  v a r i a b l e s '  a s  f la m e  f l u c t u a t i o n ,  v i s c o s i t y  

c h a n g e s , and i n s t r u m e n ta l  s e n s i t i v i t y  c h a n g es  * A l l  s e r i e s  o f  data o b ta in e d  

f o r  e a c h  s y s te m  gave t h e  same d e t a i l  and c o r r e s p o n d in g  r e a d in g s  a g re e d  t©
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w i t h in  I  p e r c e n t  o f  a v e ra g e e F ig u re  6 shows t h e  o b s e rv e d ; e f f e c t s  o f  i n c r e ­

m en ts o f  s u l f u r i c  a c id  i n  t h e  O6OOl). M m agnesium  s t a n d a r d s „ The p ro c e d u re  

u s e d  i n  t a k in g  d a t a  f o r  t h e s e  cu rve 's  was th e  same a s  t h a t  u se d  i n  t a k in g  

d a t a  f o r  c u rv e s  i n  f i g u r e  5 e x c e p t  t h a t  t h e  i n t e r n a l  s ta n d a r d  te c h n iq u e  

was n o t  u s e d  f o r  an y  o f  th e  r e a d i n g s »

The e x tre m e  i r r e g u l a r i t y  i n  t h e  v a r io u s  c u rv e s  was i n t e r p r e t e d  t o  mean 

t h a t  s e v e r a l  f a c t o r s  r a t h e r  t h a n  a  s i n g l e  one w ere a f f e c t i n g  t h e  e m is s io n  

i n t e n s i t y  o f  m agnesium,.

I t  b e c a m e 'a p p a r e n t ,  a t  t h i s  p o i n t ,  t h a t  a  more r a p i d  te c h n iq u e  f o r  

m aking e x te n s iv e  a d d i t i o n a l  e x a m in a t io n s  was v i r t u a l l y  m a n d a to ry . The t im e  

r e q u i r e m e n ts  t o  c r i t i c a l l y  c a r r y  o u t an  e x te n s iv e  i n v e s t i g a t i o n  b y  conven­

t i o n a l  p ro c e d u re  w ould h av e  b e e n  p r o h i b i t i v e ,  By m aking  t h e  p r o p e r  a d a p ta ­

t i o n s  i t  was f e l t  t h a t  th e  te c h n iq u e  o f  Bock and N an-S ing  l i n g  (3 ) o f  a u to ­

m a t i c a l l y  c h a n g in g  th e  c o m p o s i tio n  o f  an  e lu e n t  l i q u i d  i n  e l u t i o n  ch rom ato ­

g ra p h y  c o u ld  b e  a p p l i e d  i n  d e v e lo p in g  a  r a p i d  te c h n iq u e  f o r  i n v e s t i g a t i o n s  

i n  f la m e  p h o to m e try . The r e q u i r e m e n ts  o f  th e  p ro p o se d  t e c h n iq u e  w ere 

t h e s e s  ( a )  a  m ethod o f ■h o ld in g  t h e  c o n c e n t r a t io n  o f  one com ponent o f  a  

s o l u t i o n  c o n s ta n t  w h i le  v a r y in g  t h e  c o n c e n t r a t io n  o f  a n o th e r  com ponent i n  

su c h  a  way t h a t  i t s  c o n c e n t r a t io n  c o u ld  b e  d e te rm in e d  a t  an y  t im e ,  (b) .  a  

m ethod o f  c o n t in u o u s ly  d e l i v e r i n g  a  r e p r e s e n t a t i v e  sam ple  o f  t h i s  s o l u t i o n  

t o  t h e  a s p i r a t o r  o f  t h e  b u r n e r  on th e  f la m e  p h o to m e te r ,  and  ( e )  a  m ethod o f  

c o n t in u o u s ly  r e c o r d in g  th e  r e l a t i v e  e m is s io n  in te n s i ty ®  The s p e c t r a l  

e n e rg y  r e c o r d in g  a t ta c h m e n t  p ro v id e d  a  m eans o f  c o n t in u o u s ly  r e c o r d in g  th e  

e m is s io n  i n t e n s i t y .  The o th e r  tw o r e q u i r e m e n ts  w ere s a t i s f i e d  b y  th e  b u rn ­

e r  f e e d  a sse m b ly  shown i n  f i g u r e  Iu
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The b u r n e r  f e e d  a s se m b ly  ̂ w h ich  c o n s i s t s  o f  (A) a n  a d d i t i v e  reser­

v o ir , (B) a  n e e d le  v a lv e  a n d - f l o a t  a s se m b ly , (G) a  m ix in g  cham ber, (E) a 

b u r n e r - f e e d - t u b e ,  and (G) an o v e rf lo w  d r a i n ,  was s p e c i a l l y  d e s ig n e d ' and 

b u i l t  f o r  t h e  p u r p o s e e The a d d i t i v e  r e s e r v o i r  was a  25>0 m l s e p a r a to r y  

fu n n e l*  The n e e d le  v a lv e  and f l o a t  a sse m b ly  was made b y  c o n s t r i c t i n g  a  

s h o r t  s e c t i o n  o f  6 mm g l a s s  tu b in g  and th e n  g r in d in g  th e  t i p  o f  a  s l i g h t l y  

d raw n 3 mm g l a s s  r o d  i n t o  t h i s  c o n s t r i c t i o n  t o  make a  g round  g l a s s  j o i n t .  

The o t h e r  end  o f  t h e  ro d  was s e a l e d  t o  a  t h i n  w a l le d  g l a s s  b u b b le  b low n 

t o  f i t  l o o s e l y  i n t o  t h e  neck  o f  t h e  .m ix in g  chamber,; The m ix in g  cham ber 

was made b y  s e a l i n g  a  s h o r t  l e n g th  o f  6 mm g l a s s  tu b in g  a s  a  s id e - a r m  n e a r  

t h e  b o tto m  o f  a  2$0 m l e r le n m e y e r  f l a s k .  M ixing  was p r o v id e d  b y  a  m ag n e tic  

s t i r r e r .  The b u r n e r - f e e d - tu b e  and o v e rf lo w  u n i t  was made b y  s e a l i n g  a 

l e n g t h  o f  c a p i l l a r y  tu b in g  t o  a  s h o r t  l e n g th  o f  10 mm tu b in g  and th e n  s e a l ­

in g  a  l e n g th  o f  10 mm tu b in g  n e a r  th e  open  end  o f  t h i s  a s  a n  o v e rf lo w  

d r a i n .  The tu b in g  was t h e n  b e n t  so  t h a t  i t  c o u ld  be  s l i p p e d  o v e r  t h e  a s ­

p i r a t o r  tu b e  o f  t h e  b u r n e r  w i th  b o th  t h e  c a p i l l a r y  f e e d - tu b e  and t h e  o v e r ­

f lo w  tu b e  e x te n d in g  th ro u g h  th e  s a m p le - in t r o d u c t io n - o p e n in g  o f  t h e  b u rn e r  

h o u s in g  d o o r .  The o u te r  end  o f  t h e  c a p i l l a r y  tu b e  was c o n n e c te d  t o  t h e  

m ix in g  cham ber s id e - a rm  w i th  a  s h o r t  l e n g t h  o f  r u b b e r  t u b i n g ,  A p in c h  

clam p p ro v id e d  a  c o n v e n ie n t  means o f  r e g u l a t i n g  th e  f lo w  o f  s o lu t i o n  

th ro u g h  t h e  a p p a r a tu s ,

-O p e ra t io n a l  p ro c e d u re  f o r  th e  a u to m a tic  te c h n iq u e  was a s  f o l l o w s g 

( a )  The m ix in g  cham ber was f i l l e d  w i th  a  s ta n d a r d  s o l u t i o n  w h ich  was 

a llo w e d  t o  f i l l  and f l u s h  t h e  b u r n e r  f e e d  a s se m b ly , (b )  The a d d i t iv e  

r e s e r v o i r  was f i l l e d  w i th  250 m l o f  a  s o l u t i o n  e q u a l  i n  s ta n d a r d  concern-
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t r a t i o n  t o  t h e  s o l u t i o n  i n  th e  m ix in g  cham ber and  O6Ql- M w i th  r e s p e c t  t o  

t h e  d e s i r e d  a d d i t iv e *  , ( e )  W ith  t h e  s p e c tro p h o to m e te r  warmed u p , th e  s l i t  

w id th  was s e t  a t  „07 mms th e  wave l e n g th  was s e t  a t  371  mus t h e  p h o to ­

m u l t i p l i e r  s e n s i t i v i t y  was s e t  t o  p o s i t i o n  lj.s th e  s p e c t r a l  e n e rg y  r e c o r d - ,  

in g  a tta c h m e n t  was s e t  t o  r e c o r d a n d  th e  r e c o r d e r  c h a r t  sp e e d  was s e t  a t  

2 in c h e s  p e r  m in u te „ (d )  The b u r n e r  was l i t  and g as  p r e s s u r e s  w ere ad­

j u s t e d  6 ( e )  t h e  p in c h  clam p was rem oved t o  a l lo w  s ta n d a r d  s o l u t i o n  t o

f lo w  th ro u g h  th e  b u r n e r  f e e d  assem bly*  The d a rk  c u r r e n t ' and  100% a d ju s t  

w ere s e t  t o  g iv e  a  c h a r t  d e f l e c t i o n  o f  j? u n i t s  w i th  t h e  s h u t t e r  c lo s e d  

and a  s u i t a b l e  d e f l e c t i o n  w i th  t h e  s h u t t e r  open* ( f )  The p in c h  clam p was 

r e p l a c e d ,  . th e  m ix in g  cham ber was r e f i l l e d  w i th  s ta n d a r d  s o l u t i o n ,  and th e  

s to p c o c k  on t h e  a d d i t i v e  r e s e r v o i r  was o p e n e d , (g )  The m a g n e tic  s t i r r e r  

was s t a r t e d  and  s e t  a t  p o s i t i o n  3o .(h ) The p in c h  clam p was rem oved , and 

t h e  t im e  t h a t  t h e  f i r s t  a d d i t i v e  e n te r e d  t h e  m ix in g  cham ber was r e c o rd e d  

b y  t a p p i n g  t h e  s h o r t in g -  k e y ,  ( i )  The en trance  o f  t h e  l a s t  o f  t h e  a d d i t iv e  

i n t o  th e  m ix in g  cham ber was r e c o r d e d  b y  a g a in  t a p p in g  th e -  - s h o r t in g  key®

( j )  The in s t r u m e n t  was s h u t  down Ip  se c o n d s  a f t e r  t h e  l a s t  o f  t h e  a d d i­

t i v e  e n te r e d  t h e  m ix in g  cham b er. The g ra p h  on th e  r e c o r d e r  c h a r t  gave a  

p l o t  o f  r e l a t i v e  e n e rg y  v e r s u s  tim e*  The t im e  f a c t o r  was c o n v e r te d  t e  

c o n c e n t r a t io n  o f  a d d i t i v e  b y  e i t h e r  a  m a th e m a tic a l  c a l c u l a t i o n  o r  b y  a  

c o m p a ra tiv e  m eth o d ,

The m a th e m a tic a l  c a l c u l a t i o n  was made r e l a t i v e l y  e a s y  b y  a ssu m in g g.

(A) th e  f lo w  r a t e  re m a in s  c o n s ta n t  d u r in g  a d d i t i o n ,  (B ) c o m p le te  and 

u n ifo rm  m ix in g  i s  o b ta in e d  i n  t h e  m ix in g  cham ber, and (G) a  r e p r e s e n t a ­

t i v e  sam p le  o f  t h e  s o l u t i o n  i s  d e l i v e r e d  u nchanged  fro m  t h e  cham ber t@



t h e  a s p i r a t o r #  E x p e r im e n ta l  d a t a  showed t h a t  t h e s e  a s su m p tio n s  a re . v a l id *  

The m a th e m a tic a l  c a l c u l a t i o n  o f  c o n c e n t r a t io n  o f  a d d i t i v e  a t  any  tim e  

was made b y  u s e  o f  e q u a t io n  _7 a r r i v e d  a t  a s  f o l l o w s $

dx  =  R C1 ~ R Co I
a s  - i  % .

x  — num ber o f  m oles o f  a d d i t i v e  i n  t h e  m ix ing  cham ber 

t  =  t im e ' i n  m in u te s

R =  t h e  f lo w  r a te , ,  e x p e r im e n ta l ly  fo u n d  t o  b e  0 ,0 3 6 8  I ep e r  m in u te
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C1 — t h e  c o n c e n t r a t io n  o f  th e  s o l u t i o n  e n t e r in g  .th e  cham ber ( 0 ,0 1  M)

3S'
Cg =  t h e  c o n c e n t r a t io n  o f  th e  s o l u t i o n  l e a v in g  t h e  cham ber (~ g^ )

By s u b s t i t u t i o n  and  re a rra n g e m e n t e q u a t io n  I  becom es,

dx  =s .0 3 6 8  (# 0 1  -  x  ) £

o r dx. =  olitT ( »0023 «  SC 
3 t M

s e p a r a t i n g  v a r i a b l e s d x  =  # lit7  d t b  ■

and i n t e g r a t i n g -  I n  (*002$  -  x )  =  *11:7 t  -  C 5 '

When t  =■ Oj, x  =  -O s o  C ss -  I n  *0023 6

By s u b s t i t u t i o n  and  r e a r r a n g e m e n t

x  =  *0023 ( I, *=» X

The m o la r  c o n c e n t r a t i o n  c a n  - t h e n  b e  o b ta in e d  b y  d i v id in g  t h e  v a lu e  fo u n d  

f o r  x  b y  0 *23 ,  t h e  volum e o f  t h e  m ix in g  cham ber#

The v a l i d i t y  o f  e q u a t io n  7 was c h e ck e d  a s  fo l lo w s  g W ith  t h e  m ix ing  

cham ber f u l l  o f  d i s t i l l e d  w a te r  and t h e  r e s e r v o i r  f u l l  o f  OeO l M MgGlg^ 

t h e  p ro c e d u re  g iv e n  on  p ag e  I ?  was fo llo w e d #  .D ata o f  t h i s  e x p e rim e n t
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i s  shown i n  f i g u r e  Q6 P o in ts  on  t h i s  c u rv e  w ere com pared t o  p o i n t s  o f
)

e q u a l  e n e rg y  on  t h e  s ta n d a r d  c u rv e  i n  f i g u r e  7« The d a t a  o f  f ig u r e  7 

was o b ta in e d  a t  t h e  same in s t r u m e n t  s e t t i n g s  a s  w ere u s e d  i n  o b ta in in g  

th e  d a ta  shown i n  f i g u r e  8« T h e o r e t i c a l  v a lu e s 5 as  c a l c u l a t e d  w ith  equa­

t i o n  7 a b o v e 5 and t h e  o b se rv e d  v a lu e s  a g re e d  t o  w i t h in  one p e r  c e n t*  The 

' p r e c i s i o n  o f  t h e  a u to m a tic  te c h n iq u e  was t h e r e f o r e  c o n s id e r e d  com p arab le  

t o  t h e  m anual t e c h n i q u e .  The a u to m a tic  te c h n iq u e  had t h e  fo l lo w in g  ad­

v a n ta g e s  g ( a )  c o n tin u o u s  r e c o r d in g s  (b )  a  need  f o r  o n ly  tw o S o lu t io n s 5 

and  ( c )  a  much more r a p i d  m ethod o f  t a k in g  d a t a .

The a u to m a tic  t e c h n iq u e  was t h e n  u s e d  f o r  i n v e s t i g a t i n g  t h e  e f f e c t s  

o f  a n io n s  on m agnesium  e m is s io n  i n t e n s i t y .  A l l  m agnesium  s o lu t i o n s  w ere 

0 .0 0 ij. M5 and 2^0 m l o f  a  0*01 M a d d i t i v e  s o l u t i o n  was u s e d .  The i n s t r u ­

m ent was s e t  t o  g iv e  t h e  f o l lo w in g  c h a r t  d e f l e c t i o n s g 5 u n i t s  f o r  d a rk  

c u r r e n t  and 85 u n i t s  f o r  t h e  O.OOU M m agnesium  s O lu t io n 5 u n l e s s  o th e r ­

w ise  s t a t e d .

F ig u re s  9 - 1 2  show th e  e f f e c t s  on e m is s io n  i n t e n s i t y  o f  i n c r e a s i n g  

c o n c e n t r a t io n  o f  p h o s p h o r ic  a c id  i n  e a c h  o f  t h e  m agnesium  s t a n d a r d s .  I t  

w i l l  be  n o te d  t h a t  t h e  r e s u l t s  a r e  e s s e n t i a l l y -  th e  same a s  t h o s e  p r e ­

s e n te d  i n  f i g u r e  5« The g ra p h s  have i n c r e a s i n g  c o n c e n t r a t io n  p l o t t e d  

fro m  r i g h t  t o  l e f t  m aking co m p a riso n  s l i g h t l y  d i f f i c u l t .  The c o n c e n tra ­

t i o n  r a n g e  o f  a d d i t i v e  c o v e re d  i n  t h e  i n s t r u m e n ta l  p l o t s ,w a s  re d u c e d  fro m  

t h a t  c o v e re d  i n  t h e  m anua l p l o t s  so  t h a t  r a p i d  changes i n  e m is s io n  i n t e n -  

S i t y 5 due t o  s l i g h t  c h a n g es  i n  c o n c e n t r a t io n  o f  a d d i t i v e 5 c o u ld  b e  de­

t e c t e d  b e t t e r .  I n s t r u m e n t  s e n s i t i v i t y  was changed  f o r  e a c h  m agnesium  

s ta n d a r d  so  t h a t  th e .  g r e a t e s t  change i n  r e l a t i v e  e n e rg y  c o u ld  b e  o b se rv e d
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P h o sp h a te  was n e x t  added  t o  e a c h  o f  t h e  m agnesium  s ta n d a r d s  as. 

t h r e e  d i f f e r e n t  s a l t  s o l u t i o n s  i n  an a tte m p t  t o  d e te rm in e  i f  h y d ro g en  

i o n  c o n c e n t r a t i o n  was r e s p o n s i b le  f o r  some o f  t h e  o b se rv e d  i n f l e c t i o n s *  

F ig u r e s  13 -  16 show th e  e f f e c t s  on  e m is s io n  i n t e n s i t y  o f  i n c r e a s i n g  

c o n c e n t r a t io n  o f  NaK>PO^ i n . t h e  m agnesium  s ta n d a r d s  * The e f f e c t s  on 

e m is s io n  i n t e n s i t y  o f  i n c r e a s i n g  c o n c e n t r a t io n  o f  TfgHPO^ i n  t h e  mag­

n es iu m  s ta n d a r d s  i s  shown i n  f i g u r e s  17 -  20* The m arked i n c r e a s e  i n  

r e l a t i v e  e n e rg y  r e a d in g s  a t  t h e  h ig h e r  c o n c e n t r a t io n s  o f  sod ium  and 

p o ta s s iu m  s a l t s  i s  b e l i e v e d  t o  b e  due t o  e m is s io n  b y  th e s e  two e le m en ts*  

The e f f e c t s  on  e m is s io n  i n t e n s i t y  o f  i n c r e a s i n g  c o n c e n t r a t io n  o f  

( NHjP HgPO^ i n  t h e  m agnesium  s ta n d a r d s  a r e  shown i n  f i g u r e s  21  -  2l|.„ I t  

w i l l  b e  n o te d  t h a t  t h e s e  g ra p h s  a r e  i d e n t i c a l  t o  th o s e  shown f o r  i n ­

c r e a s in g  c o n c e n t r a t io n s  o f  p h o s p h o r ic  a c id  i n d i c a t i n g  t h a t  t h e  ammonium 

i o n  e i t h e r  h a s  no e f f e c t  .o r  t h e  same e f f e c t  a s  t h e  h y d ro g e n  io n *

As n o te d  above  ̂ upon  th e  a d d i t i o n  o f  a  s a l t  t h e  e m is s io n  i n t e n s i t y  

may b e  a f f e c t e d  b y  b o th  c a t  ip  ms and a n io n s  * S o - c a l l e d  611 n e t  e f f e c t  

c u r v e s 1’ w ere t h e r e f o r e  p r e p a r e d  i n  a n  a t te m p t  t o  e l im in a te  t h e  e f f e c t  o f  

t h e  added  c a t i o n  and  t o  f a c i l i t a t e  c o m p a riso n  o f  a n io n  e f f e c t s *  I n  

p h o s p h a te  sy s te m s  t h e  p h o s p h p r ic  a c id  c u rv e s  w ere u s e d  as  t h e  s ta n d a r d  o f  

co m parison*  I n  s u l f a t e  sy s te m s  s u l f u r i c  a c id  c u rv e s  w ere u s e d  a s  th e  

s ta n d a r d  o f  co m parison*

T he.m eans o f  o b ta in in g  ’’Net E f f e c t  C u rves” w i l l  b e  i l l u s t r a t e d  by  

exam ple ( r e f e r  t o  f i g u r e  2$ )*

( I )  The low er- c u rv e  l a b e l e d  HgPO^ show s t h e  e m is s io n  i n t e n s i t y  r e c o rd e d  

a s  p h o s p h o r ic  a c id  c o n c e n t r a t io n  was in c r e a s e d  i n  d i s t i l l e d  w a te r*
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(2 )  The lo w e r c u rv e  l a b e l e d  NaHgPO^ shows th e  e m is s io n  i n t e n s i t y  r e c o rd e d  

a s  NaHgPO^ c o n c e n t r a t io n  was i n c r e a s e d  i n  d i s t i l l e d  w a te r e

(3 )  The u p p e r  c u rv e  l a b e l e d  9^PO^ shows t h e  e m is s io n  i n t e n s i t y  r e c o rd e d  

a s  p h o s p h o r ic  a c id  c o n c e n t r a t io n  was in c r e a s e d  i n  0«,00li M Mg( NG^)go

(Ij.) The u p p e r  c u rv e  l a b e l e d  MaHgPO^ shows t h e  e m is s io n  i n t e n s i t y  r e c o r d e d  

a s  NaHgPOj^ c o n c e n t r a t io n  was i n c r e a s e d  i n  0*009 M Mg(N0^)g*

(5 )  The c u rv e  l a b e l e d  N et was o b ta in e d  b y  s u b t r a c t i n g  fro m  (9 ) t h e  v a l u e s '
1;

o f  t h e  d i f f e r e n c e  o f  ( l )  and  ( 2 ) *
{>

flN et E f f e c t  C u rv e s11 f o r  i n c r e a s i n g  c o n c e n t r a t io n  o f  NaHgPO^5 f i g u r e s  25 •='

28s and KgHPOj^3 f i g u r e s  29 “  32 i n  t h e  m agnesium  s ta n d a r d s  a r e  shown*

N et s u l f a t e  e f f e c t  c u rv e s  w ere p r e p a r e d  i n  a  s i m i l a r  way* 59Net

E f f e c t  C u rv es"  f o r  i n c r e a s i n g  c o n c e n t r a t io n  o f  NagSOjj3 f i g u r e s  33 ~ 363

and  KgSOjj3 f i g u r e s  37 -  90s i n  t h e  m agnesium  s ta n d a r d s  a r e  shown* .S ince

t h e  a d d i t i o n  o f  s u l f a t e s  t o  MgSO^ was fo u n d  t o  p ro d u c e  a  m arked in c r e a s e

i n  e m is s io n  i n t e n s i t y  i t  was n e c e s s a r y  t o  lo w e r  th e  - s t a r t i n g  p o i n t  t o  a

c h a r t  d e f l e c t i o n  o f  70 u n i t s *  T h is  was done b y  a d ju s t i n g  t h e  d a rk  cur«- 
. - :

r e n t 3 th u s  n o t  a f f e c t i n g  th e  s e n s i t i v i t y  s i g n i f i c a n t l y *

A b r i e f  s tu d y  o f  t h e  e f f e c t s  o f  p e r c h l o r i c  a c id  on m agnesium  

e m is s io n  i n t e n s i t y  was made b e c a u s e  o f  i t s  e x te n s iv e  u s e  in -  w et a s h in g  

b i o l o g i c a l  s a m p le s „ F ig u r e s  9 l  G 99 show th e  e f f e c t s  o f  i n c r e a s i n g  con­

cen tra tio n  o f  p e r c h l o r i c  a c id  i n  t h e  m agnesium  s ta n d a rd s *  B ecause  o f  

e x p e c te d  enhancem en t o f  e m is s io n  i n t e n s i t y  b y  th e  p e r c h l o r i c  a c id 3 mag­

n es iu m  a c e t a t e  and s u l f a t e  w ere b o th  r u n  a t  t h e  same, in s t r u m e n t  s e t t i n g s  

a s  w ere  u s e d  f o r  m agnesium  n i t r a t e *

The e f f e c t s  on  e m is s io n  i n t e n s i t y  o f  i n c r e a s in g  c o n c e n t r a t io n  o f
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n i t r i c  a c id  i n  m agnesium  n i t r a t e , ,  f i g u r e  h y d r o c h lo r ic  a c id  i n  mag­

n es iu m  c h l o r i d e ,  f i g u r e  ij.6| a c e t i c  a c id  i n  m agnesium  a c e t a t e ,  f i g u r e  

VFj and s u l f u r i c  a c id  i n  m agnesium  s u l f a t e ,  f i g u r e  1|8, a r e ' show n.

To show t h a t  a n io n  e f f e c t s  a r e  s i m i l a r  a t  a l l  wave l e n g th s  two 

r e p r e s e n t a t i v e  g ra p h s  r e c o r d e d  a t  2 8 £ e2 mu a re  shown* The e f f e c t s  on 

e m is s io n  i n t e n s i t y  o f  i n c r e a s i n g  c o n c e n t r a t io n s  o f  p h o s p h o r ic  a c id  i n  

m agnesium  n i t r a t e  and a c e t a t e  a r e  shown i n  f i g u r e s  h9 and 5>0o I t  w i l l  

b e  n o te d  t h a t  t h e  same d e t a i l  i s  shown i n  t h e s e  a s  i n  s i m i l a r  sy s tem s 

r e c o r d e d  a t  371  mu e v e n  th o u g h  th e  e f f e c t s  a r e  l e s s  m arked*
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IV DISCUSSION '

A c o m p a riso n  o f  d a ta  p r e s e n te d  b y  A n d erso n  ( I )  and  d a t a  o f  th e  

p r e s e n t  i n v e s t i g a t i o n  show s g e n e r a l l y  good ag reem en t*  A m arked  d i f f e r ­

en ce  i n  d e t a i l  i s  o b s e rv e d  when th e  g ra p h s  show ing t h e  r e s u l t s  o f  a d d in g  

p h o s p h o r ic  and s u l f u r i c  a c id s  t o  m agnesium  c h lo r id e  a r e ■com pared^ b u t  

t h e i r  m agnesium  t o  a n io n  r a t i o -  and t h e i r  p e r  c e n t  d e p r e s s io n s  a r e  n e a r ly  

i d e n t i c a l .  C om parison  o f  t h e  d a ta  o f  t h e  tw o i n v e s t i g a t i o n s  f o r  t h e  ( 

a d d i t i o n  o f  p e r c h l o r i c  a c id  t o  m agnesium  c h lo r id e  a p p e a rs  t o  show i d e n t i ­

c a l  r e s u l t s  o v e r  t h e  r e g i o n  o f  common i n v e s t i g a t i o n ,  -A m a jo r  p o i n t  o f  

d is a g re e m e n t  i s  n o te d  when t h e  d a ta  f o r  t h e  a d d i t i o n  o f  h y d r o c h lo r ic  

a c id  t o  m agnesium  c h lo r id e  fro m  th e  tw o i n v e s t i g a t i o n s  a r e  com pared .

W here A n d e rso n ’s  d a t a  show a  s l i g h t  i n c r e a s e  i n  m agnesium  e m is s io n  

i n t e n s i t y  a s  th e  h y d r o c h lo r ic  a c id  c o n c e n t r a t io n  i n c r e a s e s ,  d a ta  ta k e n  

d u r in g  t h e  p r e s e n t  i n v e s t i g a t i o n  show a  r a p i d  m o d era te  i n c r e a s e  i n  

e m is s io n  i n t e n s i t y  fo l lo w e d  b y  a  c o n s ta n t  e m is s io n  l e v e l  a s  t h e  a c id  con­

c e n t r a t i o n  i n c r e a s e s ,  - -

A c lo s e  e x a m in a t io n  o f  A n d e rso n ’ s  w ork i n d i c a t e s  t h a t  t h e  c u rv e s  

p r e s e n te d  w ere  d raw n w ith  e le v e n  e v e n ly  s p a c e d  p l o t t e d  p o i n t s  a s  g u id e s .  

I t  was f u r t h e r  n o te d  t h a t  t h e  c u rv e s  do n o t p a s s  th ro u g h  a l l  o f  th e  p l o t ­

t e d  p o i n t s .  C lose o b s e r v a t io n  shows t h a t  t h e  p o in t s  w h ich  do n o t f a l l  

on t h e  c u rv e s  a r e  i n  p o s i t i o n s  shown t o  e x i s t  i n  th e  p r e s e n t  i n v e s t i g a ­

t i o n ,  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  some a r e a s  o f  i n f l e c t i o n  r e q u i r e d  

t e n  tim es t h e  p o i n t s  t a k e n  b y  A nderson  t o  c l e a r l y  d e f in e  t h e  d e t a i l  when 

s tu d i e d  b y  t h e  c o n v e n tio n a l-  t e c h n iq u e .  T h is  w ould a p p e a r  t o  e x p la in  

p a r t  o f  t h e  d i f f e r e n c e s  i n  d e t a i l , -
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The d i f f e r e n c e  i n  r e s u l t s  f o r  t h e  a d d i t i o n  o f  h y d r o c h lo r ic  a c id  was 

d i s t u r b i n g ,  n o t  b e c a u s e  t h e  d i f f e r e n c e  c o u ld  n o t  b e  e x p la in e d  b u t  b e c a u s e  

o f  t h e  i n f e r e n c e  d raw n fro m  t h e  r e s u l t s .  The d i f f e r e n c e  was q u i t e  p ro b ­

a b ly  due  t o  t h e  d i f f e r e n c e  i n  m agnesium  c h lo r i d e  s ta n d a r d s  u s e d  i n  t h e  

tw o  i n v e s t i g a t i o n s ,  . The s ta n d a r d  u se d  b y  A n d erso n , p r e p a r e d  a s  i t  was 

b y  r e a c t i n g  m agnesium  r ib b o n  w i th  h y d r o c h lo r ic  a c id  and  th e n  d r iv in g  

o f f  t h e  e x c e s s  a c id  b y  e v a p o r a t io n ,  w ould a p p e a r  t o  have  h ad  a  g r e a t e r
; I

ch a n ce  o f  b e in g  c o n ta m in a te d  t h a n  th e  one u s e d  i n  t h e  p r e s e n t  i n v e s t i -  

g a t i o n .  One q u i t e  p o s s ib l e  c o n ta m in a n t w ould  a p p e a r  t o  have  b e e n  h y d ro ­

c h l o r i c  a c i d ,  A n d erso n  had  draw n th e  c o n c lu s io n ,  fro m  h i s  r e s u l t s ,  t h a t  

t h e  h y d ro g e n  io n  had  no s i g n i f i c a n t  e f f e c t  on  t h e  e m is s io n  i n t e n s i t y  o f  

m agnesium . J u d g in g  fro m  in f o r m a t io n  p r e s e n te d  i n  t h i s  i n v e s t i g a t i o n  i t  

w ould  a p p e a r  t h a t  A n d e rso n ’s  c o n c lu s io n  c o u ld  b e  q u e s t io n e d .  I n  a d d i t i o n  

t o  t h e  e f f e c t s  n o te d  when h y d r o c h lo r ic  a c id  was added  t o  m agnesium  c h lo ­

r i d e ,  f i g u r e  I4.65 t h e  e f f e c t s  o f  a d d in g  n i t r i c  a c id  t o  m agnesium  n i t r a t e ,  

f i g u r e  1(53 a c e t i c  a c id  t o  m agnesium  a c e t a t e ,  f i g u r e  Ulj and s u l f u r i c  a c id  

t o  m agnesium  s u l f a t e ,  f i g u r e  U8,  a l l  show a  r a p i d  m o d era te  in c r e a s e  i n  

e m is s io n  i n t e n s i t y .  I t  was fo u n d  t h a t , t h e  a d d i t io n  o f  sod ium  c h lo r id e  

t o  m agnesium  c h lo r id e  w ould  p ro d u c e  an  i d e n t i c a l  r a p i d  m o d e ra te  i n c r e a s e  

i n  e m is s io n  i n t e n s i t y  a s  was n o te d  when h y d r o c h lo r ic  a c id  was a d d e d ,

Bf1Oin t h e s e  r e s u l t s  i t  w ould  a p p e a r  t h a t  no d e f i n i t e  c o n c lu s io n  as  t o  

h y d ro g e n  io n s  a f f e c t i n g  m agnesium  e m is s io n  i n t e n s i t y  can  b e  drawn#

The i n v e s t i g a t i o n  o f  c o m p a ra tiv e  v a lu e  o f  th e  v a r io u s  wave le n g th s  

u s e d  f o r  m e a su r in g  m agnesium  e m is s io n  i n t e n s i t y  h as  b e e n  d i s c u s s e d  i n  

some d e t a i l  i n  t h e  e x p e r im e n ta l  s e c t i o n .  I t  was p o in te d  o u t  t h a t ,  ev en



lj.6

when m agnesium  e m i s s io n . i s  d e p re s s e d , t o  a  minimum b y  a n io n  e f f e c t s ,  t h e  

e m is s io n  t o  b ac k g ro u n d  r a t i o  i s  m ost f a v o r a b le  a t  th e  371  mu w ave: le n g th ,,  

I t  was p o in te d  o u t  t h a t  a n io n  e f f e c t s  a p p e a re d  t o  b e  l e s s  p ro n o u n ce d  a t  

t h e  283*2 mu wave l e n g th  t h a n  a t  t h e  371  mu wave l e n g t h ,  A c lo s e  i n v e s t -  

g a t i o n  showed t h i s  t o  b e  t r u e ,  and  t h a t  d e p r e s s in g  e f f e c t s  a r e  s i m i l a r  i n  

d e t a i l  a t  b o th  wave l e n g th s  i s  e v id e n c e d  b y  comparing f i g u r e s  9 and 11 

w i th  f i g u r e s  1$ and  3 0 o Numerous o th e r  co m p a riso n s  o f  d e t a i l  w ere made 

w i th  r e s u l t s  show ing  u n ifo rm  a g re e m e n t. From t h i s  d a ta  i t  i s  e v id e n t  

t t h a t  t h e  r e c o r d e d  r e l a t i v e  e n e rg y  i s  m ore i n te n s e  a t  371  mu t h a n  a t  th e  

o th e r  p r i n c i p a l  wave l e n g t h s .

E m iss io n  b y  sod ium  and p o ta s s iu m  a t  3 7 1  mu c a n  be com pensa ted  f o r  

i n  a n a l y t i c a l  work b y  a d d in g  t h e s e  e le m e n ts  t o  t h e  s ta n d a r d s  i n  a p p ro x i­

m a te ly  e q u a l  am ounts a s  a r e  fo u n d  i n  t h e  s a m p le s , .I h e n  t h e  c o n c e n t r a t io n  

o f  t h e s e  e le m e n ts ,  o r  o t h e r  e n h a n c in g  e le m e n ts ,  i s  c o m p a r a t iv e ly  h ig h  

t h e y  w i l l  a l t e r  t h e  e m is s io n  t o  b ac k g ro u n d  r a t i o  a t  371  mu* I f  m easu re­

m en ts w ere  made a t  2 8 3 ,2  mu t h i s  d i f f i c u l t y  may b e  a v o id e d  i n  some i n ­

s t a n c e s .

P r e v io u s  w o rk e rs  have  shown t h a t  a  c lo s e  r e l a t i o n s h i p  e x i s t s  b e ­

tw e e n  t h e  e f f e c t s  o f  a n io n s  on t h e  e m is s io n  i n t e n s i t y  o f  c a lc iu m  and 

m agnesium . W orkers w i th  b o th  e le m e n ts  hav e  o b se rv e d  d e p r e s s io n  c u rv e s  

w i th  s i n g l e  i n f l e c t i o n  p o i n t s .  M olar r a t i o s  o f  c a lc iu m  t o  p h o sp h o ru s  

o r  s u l f a t e  and  m agnesium  t o  p h o s p h a te  o r  s u l f a t e  w ere shown t o  be  con­

s t a n t  and  in d e p e n d e n t  o f  c o n c e n t r a t io n  a t  t h e  p o in t  a t  w h ich  co m p le te  

d e p r e s s io n  was re a c h e d *  T h is  l e d  t h e  w o rk e rs  t o  s u g g e s t  t h a t  th e  

o b s e rv e d  e f f e c t s  w ere due t o  t h e  f o r m a t i o n 'o f  c a lc iu m  o r  m agnesium



hi

compounds a s  th e  s o l u t i o n s  e v a p o ra te d  i n  t h e  f la m e  and th e  e m is s io n  

i n t e n s i t y  was r e l a t b d  t o  t h e  e a s e  o f  fo rm in g  t h e  o x id e s  from  t h e  i n t i t a l  

compound form ed* To d e m o n s t r a te ,  t h e y  assum e t h a t  th e  c h lo r i d e s  w i l l  b e  

m ore e a s i l y  o x id iz e d  t h a n  t h e  p h o s p h a te s  and s in c e  th e  p h o s p h a te s  a re  

l e s s  s o lu b l e  t h e y  w i l l  fo rm  f i r s t  a s  s o l u t i o n s  e v a p o ra te  i n  t h e  f la m e , 

t h u s ,  a s  in c re m e n ts  o f  p h o s p h o r ic  a c id  w ere add ed  t o  c a lc iu m  o r  mag­

n esiu m  c h lo r i d e  s o l u t i o n s  t h e  e m is s io n  i n t e n s i t y  w ould d e c r e a s e  u n t i l  

a l l  o f  t h e  c a lc iu m  o r  m agnesium  came down a s  a  p h o sp h a te *

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  s i n g l e  i n f l e c t i o n  p o in t  c u rv e s  f o r  

t h e  a d d i t i o n  o f  p h o s p h o r ic  and  s u l f u r i c  a c id s  t o  m agnesium  s o l u t i o n s  

w ere  n o t  o b se rv e d *  T h is  i n d i c a t e d  t h a t  t h e  s u g g e s te d  c a u se  o f  d e p r e s s io n  

was e i t h e r  w rong o r  needed  r e f in e m e n t*  A p o s s ib l e  r e f in e m e n t  t h a t  c o u ld  

e x p la i n  a t  l e a s t  p a r t  o f  t h e  i r r e g u l a r i t i e s  o f  th e  c u rv e s  as  shown i n  

t h i s  i n v e s t i g a t i o n  w ould b e  t h a t  t h e  p re d o m in a n t a n io n  fo rm  may change 

a s  v a r i e d  in c re m e n ts  o f  t h e  a c id s  a re  added* F or i n s t a n c e ,  a s  p h o s­

p h o r ic  a c id  i s  added  t h e  s h i f t  i n  p re d o m in a n t a n io n  w ould  b e  fro m  

HPO^ t o  HgPC^ a t  n o rm al te m p e ra tu re s *  T h is  c o u ld  r e s u l t  i n  t h e  fo rm a tio n  

o f  d i f f e r e n t  m agnesium  compounds w hich  w ould  r e q u i r e  d i f f e r e n t  q u a n t i t i e s '  

o f  e n e rg y  t o  c o n v e r t  them  t o  o x id e s  and th u s  p ro d u ce  i n f l e c t i o n s  i n  th e  

e m is s io n  i n t e n s i t y  d e p r e s s io n  c u rv e s  a s  n o ted *  Under m ore n o rm a l c o n d i­

t i o n s  t h e  compounds .form ed c o u ld  be  q u i t e  a c c u r a t e l y  c a l c u l a t e d  b u t  w hat 

h ap p en s  i n  a  d r o p l e t  o f  s o l u t i o n  t h a t  s u d d e n ly  f in d s  i t s - s e l f  i n  an  

o x y g e n -h y d ro g e n  fla m e?

To ch eck  th e  p o s s i b i l i t y  o f  t h e  s h i f t  i n  io n ic  fo rm , v a r io u s  p h o s­

p h a te  and s u l f a t e  s a l t  s o lu t i o n s  w ere u se d  a s  a d d i t i v e s  t o  m in im ize  t h e



p o s s i b l e  s h i f t  i n  a n io n  fora], due t o  a  change i n  h y d ro g en  io n  concen­

tr a t io n . I t  was .b e l i e v e d  t h a t  a  d is a p p e a ra n c e  o r  . s h i f t  i n  p o s i t i o n  o f  

an  i n f l e c t i o n  i n  t h e  d e p r e s s io n  c u rv e  fro m  t h a t  n o te d  f o r  th e  a d d i t i o n  

o f  t h e  a c id  c o u ld  b e  i n t e r p r e t e d  a s  s u p p o r t in g  e v id e n c e  f o r  t h e  s u g g e s t  

ed  r e a s o n  f o r  o b s e rv e d  r e s u l t s  when p h o s p h o r ic  and s u l f u r i c  a c id s  w ere 

a d d e d . The a d d i t i o n  o f  sod ium  and p o ta s s iu m  p h o s p h a te  s a l t  s o l u t i o n s  

t o  t h e  v a r io u s  m agnesium  s ta n d a r d s  d id  r e s u l t  i n  t h e  d is a p p e a ra n c e  o f  

s e v e r a l  i n f l e c t i o n  p o i n t s  i n  th e  e m is s io n  i n t e n s t i y  d e p r e s s io n  c u rv e s  

as  p ro d u c e d  b y  th e  a d d i t i o n  o f  p h o s p h o r ic ' a c i d .  F o r  exam p le ,  i n  f i g u r e  

25> t h e  i n f l e c t i o n s  shown i n  t h e  H^PG^ c u rv e  a t  0 .0 0 3  M i s  a b s e n t  i n  t h e  

Na0HPO1 n e t  c u r v e .  A s i m i l a r  d is a p p e a ra n c e  o f  i n f l e c t i o n s  a s  p ro d u ce d  

b y  t h e  a d d i t i o n  o f  s u l f u r i c  a c id  was n o te d  when sod ium  and p o ta s s iu m  

s u l f a t e  s o l u t i o n s  w ere added  t o  th e  m agnesium  s t a n d a r d s .

I t  i s  f e l t  t h a t  th o u g h  t h e s e  r e s u l t s  a r e  in c o n c lu s iv e  t h e y  do 

s u p p o r t  th e  s u g g e s te d  r e a s o n  f o r  t h e  o b s e rv e d  r e s u l t s  o f  a d d in g  p h o s­

p h o r ic  and s u l f u r i c  a c i d s .  The f a c t  t h a t  h ig h  te m p e ra tu re s  and 

e x tr e m e ly  r a p i d  c h an g es  o f  p h y s i c a l  e n v iro n m e n t a r e  in v o lv e d  makes 

i n t e r p r e t a t i o n  o f  th e  r e s u l t s  q u i t e  d i f f i c u l t .
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