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I

S pectrograph ic  D eterm ination  of Calcium,
Magnesium, Potassium , Manganese, Iron  and 

Phosphorus in  Small Samples

In tro d u c tio n  

The spec trog raph  i s  p a r t i c u l a r l y  adap ted  to  two 

ty p e s  of a n a ly s i s :  f i r s t ,  th e  d e te rm in a tio n  of t r a c e s

of m e ta l l i c  substances  or im p u r i t ie s ,  such as manganese 

in  s t e e l ;  second, th e  a n a ly s is  of samples when only 

very  small amounts a re  a v a i l a b le ,  such as  b io lo g ic a l  

a sh .  This a r t i c l e  w i l l  be confined  to  th e  second type , 

t h a t  i s ,  to  the  de te rm in a tio n  of calcium , magnesium, 

manganese, potassium , phosphorus and i ro n  in  samples 

where the  amount i s  too  sm all to  be analyzed  by 

o rd in a ry  wet methods.

The method employed i s  s im i la r  to  t h a t  f i r s t  used  

by N itch ie  and Standen (N itc h ie  and Standen, Ind . and 

Eng. Chem. Anal. Ed., ]L, 1-7  (1 939 )) , of exposing the  

s p e c t r a  of th e  samples between those  of a s e r i e s  of 

s tan d a rd  so lu t io n s  c o n ta in in g  vary ing  known amounts of
M  clc-W e io i  v« a

the  substance be ing  determ ined. From the d e n s i t i es of 

the  l i n e s  working curves were form ulated  acco rd ing  to
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th e  method of Twym&n and H itchen (Twyman and H itchen, 

P roo . of Royal Soc. of London, S e r ie s  A, 133, 72 .)

From th ese  s ta n d a rd  curves, unknowns were d i r e c t l y  

determ ined .

Experimental

Apparatus. A Bausch and Lomb medium q u a r tz  

sp ec tro g rap h  g iv in g  a d is p e rs io n  of about n ine  inches 

f o r  wave le n g th s  of 2000 to  8000 A° was employed in  the  

ex perim en ta l  p rocedure . The e le c tro d e s  were h e ld  toy 

an  a d ju s ta b le  Bausch and Lomb e le c tro d e  s tand . A 

re v o lv in g  s e c to r  cu t down the percen tage of l i g h t  from 

th e  a rc  reach in g  the  s l i t .  E x c i ta t io n  of th e  samples 

was ob ta ined  by a rc in g  g rap h ite  e le c tro d e s  w ith  d i r e c t  

c u r r e n t  fu rn ish e d  by a  15 ampere-300 v o lt  motor-
a c k ( ? Y ) i  Y '- c j  S

g e n e ra to r .  Line de ns i t -i es were determ ined by means of 

a  Bausch and Lomb d e n s i ty  comparator.

p re p a ra t io n  of E lec tro d e s .  Acheson g ra p h ite  rods 

5/16 inches  in  d iam eter were cu t in  convenient le n g th s  

f o r  a rc in g ,  (toe end of each was d r i l l e d  approxim ately  

seven m il l im e te rs  deep; o n e - te n th  m i l l i l i t e r  of th e  

s o lu t io n  was p laced  in  each c r a t e r ;  the  e le c t ro d e s  were 

d r i e d  a t  110°, and were used a s  lower e le c t ro d e s  or 

anodes. The ca thodes c o n s is te d  of s im i la r  le n g th s  

b roken  from the  same rod . s p e c ia l  g ra p h ite  rods very



f r e e  of m e ta l l ic  im p u r i t ie s  were used  in  th e  calcium  

de t  e r  m in a t  i  on e .

S e lec t io n  of Base. The f i r s t  problem to  be con

s id e r e d  in  th e  p re p a ra t io n  of s tandards  was the  m a te r ia l  

f o r  use as  a  base . This substance se rves  two purposes: 

f i r s t ,  a s  a  Hf i l l e r H, g iv ing  a g re a te r  amount of sub

s tan ce  in  the  e le c tro d e ;  second, a s  a  means of ho ld ing  

back the  carbon u n t i l  v o l a t i l i z a t i o n  of the sample i s  

com plete . Much more even exposures and l i g h t e r  back

grounds were ob ta ined  by employing a base.

Since i t  i s  w ell known th a t  c h lo r id e s  give much 

s h a rp e r  l i n e s  than  o ther n eg a tiv e  r a d ic a l s ,  a l l  d e te r 

m in a tions  were c a r r i e d  out in  hydroch lo r ic  a c id  s o lu t io n .  

Samples of a  type analyzed by t h i s  method were found to  

be r e a d i ly  so lu b le  in  hyd ro ch lo r ic  a c id .  T herefore , only 

c h lo r id e s  were cons idered  f o r  a  base m a te r ia l .  Zinc 

c h lo r id e  was found to  vaporize too re a d i ly ;  le a d  

c h lo r id e  was to o  in so lu b le ;  sodium c h lo r id e  in  la rg e  

amounts caused th e  a rc  to  f l a r e  g iv ing  very uneven 

exposures; very  s a t i s f a c to r y  a rc in g  c o n d it io n s  and even 

expo su res  r e s u l t e d  from the  use of ammonium ch lo r id e  

bu t th e  s p e c t r a l  l i n e s  of the  substances d e s ire d  f o r  

use  in  a n a ly s is  were no t sharp and c l e a r .



A number of m ix tu res  of sodium and ammonium 

c h lo r id e  were t r i e d  and one c o n s i s t in g  of 10$ sodium 

c h lo r id e  and 9C)$ ammonium c h lo r id e  was found to  give 

s a t i s f a c t o r y  r e s u l t s  f o r  a r c in g  and fo r  sharpness  of 

l i n e s .  Both su bstances  a re  e a s i l y  o b ta in ab le  in  very 

pu re  c o n d it io n  and d isso lv e  r e a d i ly .  The base s o lu t io n  

f i n a l l y  s e le c te d  c o n s i s t s  of f iv e  grams of sodium 

c h lo r id e  and f o r t y - f i v e  grams of ammonium c h lo r id e  in  

4 .5 $  hyd roch lo ric  a c id  s o lu t io n .

Calcium S tandards. No two elements under id e n t i c a l  

a r c in g  co n d it io n s  gave the  same v a r ia t io n  in  l i n e  dens4»- 

t t̂ es  f o r  an equal change in  c o n c e n tra t io n .  Thus i t  was 

n e c e s s a ry  to  t r y  v arious  c o n c e n tra t io n s  u n t i l  a s e r i e s  

o f d i l u t i o n s  was ob ta ined  which gave a g ra d a t io n  of
b l a c  ^  Yt \

l i n e  d e n s i t i e s s u i t a b le  fo r  a n a ly s i s .

Enough pure caloium n i t r a t e  was d is so lv e d  in  the 

base s o lu t io n  to  y ie ld  2 grams of calcium per l i t e r .

From t h i s ,  u s in g  th e  base s o lu t io n  fo r  d i l u t i n g ,  a s e r ie s  

o f  s tan d ard s  was p repared  co n ta in in g  1 .0 ,  0 .5 , 0 .3 ,  0 .2 , 

0 .1 ,  0 .075, 0 .05, 0 .03, 0 .02 , 0 .01, 0.005 and 0.0025 

grams of calcium  p e r  l i t e r .

Magnesium S tandards. Magnesium s o lu t io n s  were 

p re p a red  in  e x a c t ly  the  same manner u s in g  magnesium



c h lo r id e ,  g iv in g  a f i n a l  s e r i e s  co n ta in in g  5 .0 , 2 .5 ,

1 .0 ,  0 .5  , 0 .3 , 0 .25  , 0 .2  , 0 .1 ,  0.05 , 0.025 , 0.01 and 

0 .005 grams of magnesium per l i t e r .

Manganese S tandards. Manganese c h lo r id e  was 

d is s o lv e d  in  th e  base s o lu t io n  to  y ie ld  2 grams of 

manganese p e r  l i t e r .  Lower c o n c e n tra t io n s  of 1 .0 ,

0 .5 ,  0 .25 , 0 .1 ,  0 .05 , 0 .025, 0.01 and 0.005 grams per 

l i t e r  were p repared  by combining th e  manganese s o lu t io n  

w ith  p roper amounts of base.

Potassium S tandards. The behavior of potassium  

i s  d i f f e r e n t  than  th a t  of magnesium, manganese and 

ca lc ium . Large amounts of potassium  show a marked
bl<xG.Ue~r> t-yi a •

g ra d a t io n  of l i n e  den s i t i e s . Thus h igher percen tages  

may be s u c c e s s fu l ly  analyzed d i r e c t l y  from the  sample 

w ith o u t employing a “ f i l l e r "  or d i lu t io n  of samples.

Four groups of potassium  s tan dards  were p repared  in t h i s  

in v e s t ig a t io n .

The f i r s t  group combined potassium  and phosphorus 

i n  a calcium  and magnesium base . Two sep a ra te  s o lu t io n s ,  

A and B were p repared . S o lu tion  A con ta ined  enough 

po tass ium  c h lo r id e  and potassium  a c id  phosphate in  

4 .5 $  hydroch lo ric  a c id  s o lu t io n  to  y ie ld  4 grams of 

phosphorus and 96 grams of potassium  per l i t e r ,  s o lu t io n
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B con ta in ed  50 grams each of calcium and magnesium in  

4 .5 $  a c id .  By combining the  two s o lu t io n s  in  the p roper 

p ro p o r t io n s  a s e r i e s  co n ta in in g  48 , 40, 38, 24, 16, 12, 

8, 4 .8 , 2 .4 ,  1 .2 ,  0 .24  and 0.12 grams of potassium  per 

l i t e r  were made up. The phosphorus co n ten t was in  a 

r a t i o  of 2 to  48 to  the potassium  co n ten t .

The second group was a  d u p l ic a te  of the  f i r s t  group 

excep t f o r  the a d d i t io n  of i ro n  in  a c o n c e n tra t io n  equal 

t o  t h a t  of phosphorus. Since iron  was added in  th e  form 

o f  f e r ro u s  ammonium s u l f a te  which has a tendency to  

p r e c i p i t a t e  calcium , sp e c ia l  a t t e n t i o n  was given to  th e  

o rd e r  of a d d i t io n .  The f e r ro u s  ammonium s u l f a t e ,  po

ta s s iu m  a c id  phosphate and potassium  c h lo r id e  were a l l  

d is s o lv e d  s e p a ra te ly ,  the  f i r s t  two combined and slow ly 

added to  the  t h i r d .  This combined m ixture , 9$ ac id ,  

was d i lu te d  w ith  a calcium-magnesium base co n ta in in g  

no a c id .

For the t h i r d  group enough potassium  c h lo r id e  to  

y i e ld  30 grams of potassium  p e r  l i t e r  was d is so lv ed  in  

th e  sodium-ammonium ch lo r id e  base. D ilu t io n s  w ith  the  

base were made g iv in g  a s e r i e s  co n ta in in g  30, 25, 20,

1 7 .5 , 15, 12 .5 , 10 and 5 grams of potassium  per l i t e r .

A fo u r th  group was p repared  fo r  those  samples in



which th e  po tassium  co n ten t was low and a g re a te r  amount 

of the  substance was n ec essa ry , potassium  c h lo r id e  was 

d i s s o lv e d  in  9$ a c id  to  give 25 grams of potassium  p er  

l i t e r .  D ilu t io n s  were made to  y ie ld  20, 15, 12 .5 , 10,

7 .5 ,  and 5 grams of potassium  p e r  l i t e r .

Phosphorus and Iron  S tandards. In  a d d i t io n  to  th e  

phosphorus and i ro n  s tandards  combined w ith  potassium  

a n o th e r  s e r i e s  was p repared  in  the  sodium-ammonium 

c h lo r id e  base . The i ro n  c o n c e n tra t io n  was 1, 0 .5 , 0 .25 , 

0 .1 ,  0 .05, 0 .025, O.Ql, 0.005 and 0.0025 grams per l i t e r .  

The phosphorus con ten t was double th a t  of iro n .

P re p a ra t io n  of samples. When ash samples were to  

be analyzed , 0 .05 gram samples were weighed out and 

t r e a t e d  w ith  1 m i l l i l i t e r  of co n cen tra ted  hydroch lo ric  

a c id .  This was allow ed to  s tand  fo r  an hour; a base of 

sodium-ammonium c h lo r id e  s o lu t io n  was then  added to  a  

t o t a l  of 10 m i l l i l i t e r s  so t h a t  the  r e s u l t i n g  concen

t r a t i o n  was 5 grams of ash  in  4 .5$  a c id ,  c o n ta in in g  5 

grams sodium c h lo r id e  and 45 grams of ammonium c h lo r id e  

p e r  l i t e r .

Samples fo r  potassium  a n a ly s is  were s im i la r ly  

p re p a re d , but con ta ined  20 grams of ash  p e r  l i t e r .



A sy n th e t ic  ash  was p repared  f o r  a n a ly s is  by 

d i s s o lv in g  th e  s a l t s  in  a  4 .5$  a c id  s o lu t io n  so th a t  the  

r e s u l t i n g  c o n c e n tra t io n s  were: 0 .7 grams of calcium ,

0 .4  grams of magnesium, 0.01 grams of manganese, 0.15 

grams of phosphorus, 0.05 grams of i ro n  and 14 grams of 

po tass ium  per l i t e r .

C onditions of Exposure. Eastman 1133“ commercial 

p l a t e s  were used f o r  a l l  an a ly se s  except those in  which 

i ro n  i n t e r f e r e d  w ith  potassium . Wratten -  Wainwright 

p ro c e s s  Panchromatic p l a t e s  gave s a t i s f a c to r y  r e s u l t s  

i n  t h i s  ca se . The “ 33“ p l a t e s  were chosen because t h e i r  

c h a r a c t e r i s t i c s  were s u i ta b le  f o r  th e  p a r t i c u l a r  condi

t i o n s  re q u ire d  f o r  such an a ly se s .  Both ty p es  of p l a t e s  

were developed in  Eastman developer formula D -ll  fo r  

f i v e  m inutes a t  18^.

The method of “continuous exposure11 e x te n s iv e ly  

employed by t h i s  la b o ra to ry  f o r  some time was used to  

determ ine the  behav ior of the s ix  substances upon 

v o l a t i l i z a t i o n .  The p la te  was p laced  in  re a d in e ss  f o r  

exposu re , the  s l i t  opened and the  e le c tro d e s  a d ju s te d .  

Each f i f t e e n  seconds from the  in s ta n t  of a rc in g ,  the  

p l a t e  was moved r a p id ly ,  a llow ing  the  a rc  to  burn 

c o n t in u o u s ly  fo r  fo u r  or f iv e  minutes. In  t h i s  manner 

th e  com parative amounts of each substance v o l a t i l i z e d
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in  any f i f t e e n  second in te r v a l  could  be determ ined as 

w ell a s  the time re q u ire d  fo r  th e  v o l a t i l i z a t i o n  of each 

t o  proceed  to  a  p o in t  where no e f f e c t  was shown on the 

pho tographio  p l a t e  under the  co n d it io n s  of exposure 

employed.

From th e  d a ta  ob ta ined  on such a  p l a t e  the time fo r  

exposure of each substance was found. The amount of 

l i g h t  used was a l s o  found ex p e rim en ta lly . Enough l i g h t  

was used  so th a t  th e  h e a v ie s t  l i n e s  to  be used fo r  

a n a ly s i s  were w ell under maximum b lacken ing . In  t h i s
bWdkcTO \V\-3

way a  g rad a tio n  of l i n e  d o n s i t i e s  was ob ta ined  fo r  the  

low er c o n c e n tra t io n s .  The amount of l i g h t  reach ing  th e  

s l i t  was re g u la te d  by the  a d ju s ta b le  re v o lv in g  s e c to r .

The fo llo w in g  ta b le  shows the co n d it io n s  of exposure used 

f o r  each substance when a  c u r re n t  of te n  amperes was 

c a r e f u l l y  m ain ta ined .
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TABLE I

Substance
Seconds
Time £  L ight S ec to r

Potassium  
in  9f0 a c id  
in  NHH-Na base 
in  Ca-Mg base

40
40
SO

5
5
6.25

1 /10
1/10
1 /8

Iro n  and Phosphorus 
i n  NH^-Na base 
in  Ce^Mg base

60
90

5
6.25

oH 
H

I r o n  (a lo ne) 60 2 1/25

Magnesium 40 3.125 1/16

Manganese 40 2 1/25

Calcium 40 1.625 1/32

S lig h t  v a r ia t io n s  were made when only the  h igher or 

low er c o n c e n tra t io n s  of a  s e r i e s  were used.

L'.vve
E valua tion  of pla ^ e - Be n s i t ig B . The d e n s i t i e s  of 

th e  p roper l i n e s  from the various  ana ly ses  were read  on 

th e  d e n s i ty  comparator. Only p la t e s  f r e e  of fogging  were 

used; any which were s l i g h t l y  fogged or not e n t i r e l y  

c l e a r  were d isca rd ed . A read ing  fo r  b lackness  when no 

l i g h t  en te red  the  s l i t  was taken  f i r s t .  Each l i n e  was 

re a d  independen tly  u n t i l  an ac c u ra te  check was obtained . 

The p l a t e  was then  moved to  a  c le a r  background in  the  

same reg io n . This read ing  was recorded  a s  the «back

ground" . The d i f f e re n c e s  between the  d e n s i ty  of the



l i n e  and ab so lu te  b lackness  and a ls o  between the back

ground and a b s o lu te  b lackness  were c a lc u la te d .  The r a t i o s  

of th e se  d i f f e r e n c e s  wesfeplotted a g a in s t  th e  lo g arith m s 

of c o n c e n tra t io n s  to  o b ta in  the  working curve or 

“ s tan d a rd  curve” , the  method of Tyman and Hitchen
(trie b> Iqc

p re v io u s ly  c i t e d .  The deno ity  r a t i o s  fo r  the  unknowns 

were lo c a te d  on th e  s tandard  curve and th e  co rresponding  

c o n c e n tra t io n s  read  d i r e c t l y  from the  curve. No 

a tte m p t was made to  c a l ib r a t e  the  p l a t e s  as  the  

s tan d a rd  curve and unknowns to  be determ ined were a l l  

p la c e d  on one p l a t e .  D uplicate  p l a t e s  were made to  

check r e s u l t s .

R e s u l ts

"Continuous Exposure.11 The behavior of each of 

th e  s ix  substances upon v o l a t i l i z a t i o n  was in d iv id u a l .

Potassium , a lthough  p re se n t  in the  l a r g e s t  amount, 

v o l a t i l i z e d  most r a p id ly  and d isappeared  in  f o r ty - f iv e  

seconds.

phosphorus a l s o  v o l a t i l i z e d  to  an e x ten t  th a t  no 

e f f e c t  could  be observed on a  photographic p l a t e .  I t  

was unique in  behav io r , v o l a t i l i z a t i o n  beg inn ing  slowly, 

g ra d u a l ly  in c re a s in g  to  a peak and then  slow ly dec reas

in g . About two m inutes were re q u ire d ,  a lthough  the



b u lk  of i t  vaporized  in  s ix ty  seconds, th e  time of 

exposure used f o r  a n a ly s is .

Manganese v o l a t i l i z e d  very r a p id ly  a t  f i r s t ,  most 

o f i t  d isap p ea r in g  in  f o r t y - f i v e  seconds. A f a i n t  t ra c e  

rem ained fo r  f o r t y - f i v e  to  s i x ty  seconds lo n g e r .

Magnesium d id  not v o l a t i l i z e  com pletely . As in  

th e  case of manganese, f o r ty - f iv e  seconds were s u f f i c i e n t  

f o r  th e  g re a te r  p o r t io n  to  burn out. A fte r th a t  time th e  

amount v o l a t i l i z e d  in  each in te rv a l  g ra d u a lly  decreased  

and f i n a l l y  reached  a c o n s ta n t .

Calcium acted somewhat s im i la r  to  magnesium, except 

t h a t  i t  behaved very e r r a t i c a l l y  when only a t r a c e  rem ain i.

I ro n  was found to  be th e  most p e r s i s t e n t  of any of 

th e  s ix  substances  ■under in v e s t ig a t io n .  However, very 

c o n s i s t e n t  r e s u l t s  were ob ta ined  when s ix ty  second 

exposures  were used .

F igure 1 shows g ra p h ic a l ly  how the substances  com

p a re  in  speed of v o l a t i l i z a t i o n  and in  th e  amounts of
Q t k e-vi \ w c* s

each  v o l a t i l i z e d  in  any time in t e r v a l .  Line den%i4ies 

a r e  p lo t t e d  a s  o rd in a te s  a g a in s t  time in t e r v a l s  as 

a b s c i s s a e .  Potassium  has the  s te e p e s t  s lope ; magnesium,
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manganese and i ro n  behave somewhat a l ik e ;  calcium  

shows a slower r a t e  of v o l a t i l i z a t i o n ;  and the e r r a t i c  

b eh a v io r  of phosphorus i s  very ev id en t.

S u i ta b le  L ines fo r  A nalys is . Very few Mr a ie s

u l  t im e s” a re  s u i t a b le  f o r  use in  q u a n t i t a t iv e  a n a ly s is

u s in g  the  method of a rc  e x c i t a t io n  as they  show maximum

b lack e n in g  in  com para tive ly  low c o n c e n tra t io n s .  A l i n e

u se d  e f f e c t i v e l y  must show two c h a r a c t e r i s t i c s :  f i r s t ,

i t  must be p e r s i s t e n t  even in  very low co n c e n tra t io n s ;

and  second, i t  must show a d e f in i t e  change in  l i n e

dens-gty fo r  a  small change in c o n c e n tra t io n .  L ines

which f u l f i l l  th e se  requirem ents  give very s a t i s f a c to r y

s ta n d a rd  curves over a  sh o rt  range of c o n c e n tra t io n s .

Many l i n e s  of each substance were in v e s t ig a te d  and

th o se  s e le c te d  were found to  be most s a t i s f a c to r y

under the  c o n d it io n s  of e x c i t a t io n  and exposure

employed. They a re  as fo llow s:

Potassium  3446.37 and 3447.38 A°
Magnesium 2776.71 and 2779.85 Jf 
Calcium 3158.87 and 3179.33 A°
Iro n  2598.08 and 2599.40 A°
Phosphorus 2536.38 Ab 
Manganese 2576.12 and 2605.69 Â

In  sp e c ia l  ca ses  o ther l i n e s  had to  be employed.

In  the  case of h ig h  i ro n  c o n te n t ,  the  calcium  l i n e  a t  

3179.33 A° was not s a t i s f a c to r y .  For the  same reason ,
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th e  po tassium  l i n e s  mentioned above were u n s a t i s f a c to r y .  

In  t h a t  case th e  potassium  l i n e  a t  5782.6 A was 

employed. This n e c e s s i ta te d  th e  use of W ratten- 

Wainwright P rocess Panchromatic p l a t e s .  For high con

c e n t r a t io n s  of i r o n  the  doub le t mentioned d id  not show 

s a t i s f a c t o r y  g ra d a tio n  and th e  unreso lved  doublet a t  

3021.08 and 3020.65 A was used.

Table I I  shows a ty p ic a l  s e t  of d a ta  from which the  

s ta n d a rd  curve f o r  potassium  and the  c o n c e n tra t io n s  of 

th e  unknowns a re  ob ta ined .

TABLE I I
g / l  

o f  K 3446.37 X Background Ratio

25 29.0 15.8 .35
20 26.7 1 6 .4 .48
15 24.6 1 6 .4 .59

( l )  unknown 22 .4 16.5 .70
1 2 .5 23 .3 16.7 .66
1 0 .0 22 .3 16.7 .71

7.5 22.2 17 .3 .74
5 .0 23 .4 17.9 .70

(2 )  unknown 23.6 16 .3 .63

Complete b lackn ess :  36.2
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A sample c a lc u la t io n  of r a t i o s  i s  shown below.

36.2 - 29 .0  = 7 .2

36.2 - 15 .8  = 20 .4

—

2 0 .4

Figure 2 shows the s tandard  curve fo r  potassium  

p l o t t e d  from the d a ta  given in  Table I I ,  and the  

d e te rm in a t io n  of the  co n c e n tra t io n s  of two unknowns.

F igure  3 g ives  ty p ic a l  s tandard  curves fo r  

phosphorus, i ro n ,  manganese, magnesium and calcium, 

a l l  p lo t t e d  from experim ental d a ta .

Table I I I  shows th e  r e s u l t s  ob tained  by the  

a p p l i c a t io n  of th e se  methods to  the a n a ly s is  of a 

s y n th e t i c  ash  of d e f in i t e  com position in  grams p e r  l i t e r .
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TABLE I I I .

Substance Spectrograph ic Chemical $ E rro r

Magnesium 0.370 0.400 7 .5
0.400 0.400 0
0.390 0.400 2 .5

Manganese 0.0112 0.Q100 12 .0
0.0103 0.0100 3 .0
0.0099 0.0100 6 .0

phosphorus 0.148 0.150 1 .3
0.148 0.150 1 .3
0 .153 0.150 2 .0

Potassium 15.00 14.00 6 .7
14 .25 14.00 1 .7
13 .00 14.00 6 .7
14 .00 14.00 0

Iro n 0.048
0.052

0.05
0.05

4 .0
6 .0

Calcium 0.68
0 .68

0.7
0.7

3.0
3.0

F igure  4 i s  taken  from an a n a ly s is  fo r  phosphorus 

and i ro n .  The phosphorus l i n e  2536.38 A and the  i ro n  

d o u b le t  2598.08 and 2599.40 a a re  shown d o t te d .  The 

g ra d a t io n s  of both  a re  apparen t to  the  eye.

F igure  5 shows two ana lyses  of a sample, one fo r  

magnesium and one fo r  manganese. The magnesium group 

o f  f iv e  l i n e s  in  the  reg ion  of 2780 A i s  marked and 

a l s o  th re e  manganese l i n e s  in  the  reg ion  of 2600 a .



FIGURE 4
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D iscussion

V a r ia t io n  of Line Dengitrtee Due to  Other Substances. 

In  an a r t i c l e  d e a l in g  w ith  th e  a n a ly s is  of s o lu t io n s  by 

means of th e  spec trog raph  by Duffendach, Wylie and Owens 

(D uffendach, Wylie and Owens, Ind. and Eng. Chem., Anal. 

E d .,  7_, 410-413, (1935)) i t  was found th a t  magnesium, 

ca lc ium , sodium and potassium  a f fe c te d  the  r e l a t i v e  

i n t e n s i t y  of the s p e c t r a l  l i n e s  of each of the  o ther 

e lem en ts  w ith  reg a rd  to  the  s p e c tr a l  i n t e n s i ty  of an 

i n t e r n a l  s tan dard . They a ls o  found th a t  th e  a d d i t io n  

o f  Zfo sodium had th e  e f f e c t  of e l im in a t in g  fu r th e r  

v a r i a t i o n s  due to  th e  o th e r  elem ents.

The e f f e c t  of calcium , potassium  and sodium on th e
k ̂  n i

l i n e  d e n s i t i e s  of magnesium was measured and found to  

be w ell w ith in  the  range of experim ental e r ro r  fo r  the 

c o n d i t io n s  of exposure employed. The a d d i t io n  of 

sodium ch lo r id e  in  the  base m a te r ia l  would a ls o  e l im in a te  

s l i g h t  v a r ia t io n s  due to  small amounts of o ther 

su b s ta n c e s .

No a ttem pt was made to  remove any substance from 

th e  ash  before  an a ly z in g  fo r  the s ix  substances 

determ ined . As shown by the  graph r e s u l t i n g  from a 

con tinuo us  exposure , a l l  substances were vaporized 

c o n c u r re n t ly .
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Phosphorus. The p o ss ib le  excep tion  to  the general 

r a t e  of v o l a t i l i z a t i o n  i s  phosphorus. However, an 

in c r e a s e  in  the  time of exposure compensated fo r  the 

d i f f e r e n c e  in  r a t e .  The f a c t  th a t  0.148 of the  0.150 

grams of phosphorus in  the  s y n th e t ic  ash were rega ined  

by t h i s  method p o in t s  to  i t s  f e a s i b i l i t y .  The e r r o r  

was on ly  1 .3$ . However, th e  range w ith in  which phos

phorus can be determ ined i s  l im i te d .  No attem pt to  

show i t  in  l e s s  th an  0.01 gram per l i t e r  was su c c e ss fu l .  

I n  ca se s  where the  phosphorus con ten t was low, the  

sample was not d i lu te d  as much. Even in  in s ta n c e s  

where phosphorus was not a t  f i r s t  shown to  be p re se n t ,  

a  c o n c e n tra t io n  of the  ash  s o lu t io n  y ie ld ed  a p o s i t iv e  

phosphorus d e te rm in a tio n . The so lu t io n s  f o r  phosphorus 

y ie ld e d  a  very s a t i s f a c t o r y  s tan dard  curve between the  

l i m i t s  of 0.01 and 10 grams per  l i t e r ,  making d e te r 

m in a tio n s  of unknowns w ith  a  high degree of accuracy. 

There were no l i n e s  of any substances  used o r  impuri

t i e s  o ccu rr in g  in  th e  reg ion  of the  phosphorus l i n e ,  

namely 2536.38 A and no background to  i n t e r f e r e .  The 

l i n e  was e a s i l y  re ad  on the d e n s i ty  comparator and gave 

a  smooth curve when p lo t te d .

I ro n .  I ro n  had the advantage of hav ing  a number 

of l i n e s  which showed a d e f in i t e  g rada tion  of l i n e

s a t i s f a c to r y  s tandard  curves. The
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u n re so lv ed  doub le t a t  3020.65 and 3021.08 A gave a 

u s a b le  curve fo r  c o n c e n tra t io n s  of iron  from 0.05 up 

t o  20 grams per l i t e r .  This doublet would be more 

e f f e c t i v e  on an instrum ent w ith  h igher re so lv in g  power. 

The p a i r  a t  2598.38 and 2599.40 A are  the most s a t i s 

f a c t o r y  over a  lo n g  range. From a range of 2 gram p e r  

l i t e r  down to  as  low as  0.0005 grams per l i t e r ,  a  

s ta n d a rd  curve can be made. However, i t  has l e s s  change 

i n  deft c i t y - f o r  a small change in  co n c en tra t io n  than  does 

t h e  doub le t a t  about 3020 A . When only i ro n  i s  being  

determ ined , the l a t t e r  i s  t o  be p re fe r r e d  except in  

ex trem e ly  low c o n c e n tra t io n s .  In  co n junc tion  w ith  phos

p h o ru s ,  the  p a i r  a t  2598.38 and 2599.4 A were most 

e x te n s iv e ly  used. They occur in  a reg ion  c le a r  of 

background, f r e e  of i n t e r f e r i n g  l i n e s  and are  brought 

ou t s a t i s f a c t o r i l y  “under the  same co n d it io n s  used fo r  

phosphorus. I t  i s  w ell ,  however, in  a  s e r i e s  of 

a n a ly s e s  t o  use th e  same l i n e  throughout. An accuracy  

of 6f0 was found in  the  case of iron  in  a co n c en tra t io n  

of 0 .05  grams per  l i t e r .

o
Manganese. Two l i n e s ,  mainly 2576.13 and 2605.69 A 

give s tan d a rd  curves fo r  manganese over a  range of 

0 .001 to  5 .0  grams per l i t e r  by vary ing  the  amount of 

l i g h t .  In the  case of an analyzed sy n th e t ic  ash co n ta in 

in g  0.01 grams p e r  l i t e r ,  the  e r ro r  was e s tim a ted  a t
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5 to  10^. As th e  manganese was found to  co n ta in  a 

sm all amount of i ro n ,  th e  e r r o r  was no t extreme. The 

cu rve  f o r  manganese was very smooth, g iv ing  both the  

sh o u ld e r  and toe  of the curve as  w ell as th e  s t r a i g h t  

p o r t io n .  D eterm inations of h igher c o n c e n tra t io n s  are  

more e a s i l y  made, being on a s t r a i g h t  p a r t  of the  curve.

Magnesium. Magnesium was the  e a s ie s t  to  analyze 

of any of the  s ix  sub s tances . The curves ob ta ined  from 

th e  l i n e s  a t  2776.71 and 277S.85 A more n e a r ly  

resem bled  E u rte r  and D r i f f i e ld  curves than  any of the  

o th e r s  handled. Over th e  com parative ly  sh o rt  range of 

0 .01  to  1 .0  gram p e r  l i t e r  a  complete curve was ob ta ined  

by p roper exposure . R esu lts  on magnesium showed a ls o ,  

th e  sm a lle s t  p ercen tag e  of e r r o r ,  i n  a  group of f iv e  

a n a ly s e s ,  th e  average e r ro r  was 3$. Magnesium may be 

determ ined  very s a t i s f a c t o r i l y  in  a  range of 5 .0  down 

t o  0.001 grams p e r  l i t e r .  Also, i t  i s  probably  the 

most a c c u ra te  of the  s ix  a n a ly se s .

Potassium . The most d i f f i c u l t  to  o b ta in  success

f u l l y  by the  method employed was potassium . Many 

d i f f e r e n t  e r r o r s  e n te r  in to  such a d e te rm ina tion . In  

th e  f i r s t  p la c e ,  th e  range i s  very l im i te d .  Gradation 

o f l i n e  deno itipes may be ob ta ined  only between 1 .0  and 

50 grams per  l i t e r ,  and only w ith  g rea t  d i f f i c u l t y  under
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5 grams per  l i t e r .  The sample must he heavy in  

p o tass iu m  to  he ana lyzed  a t  a l l ;  t h i s  i s  s c a rc e ly  

f e a s i b l e  in  most c a se s ,  as  the  advantage of the  genera l 

method i s  to  u t i l i z e  very sm all samples.

I ro n  in  any co n c en tra t io n  g re a te r  than  0.1 grams 

p e r  l i t e r  i n t e r f e r e s  w ith  th e  unreso lved  doublet a t

3446.37 and 3447.38 A making th e  employment of these  

l i n e s  fo r  a n a ly s i s  im possib le . An attem pt to  cu t down

on th e  exposure and use the  p a i r  a t  4044.16 and 4047.22 A 

was on ly  p a r t i a l l y  su c c e ss fu l .  Potassium l i n e s  a re  

accompanied by a  continuous background in  the same 

re g io n  g r e a t ly  in c re a s in g  the  background read ing , 

r e s u l t i n g  in  very small r a t i o s  much l e s s  s e n s i t iv e  than  

f o r  o th e r  su b s tan ces . Another l i n e  o b ta inab le  on 

s p e c ia l  r e d - s e n s i t iv e  p l a t e s ,  5782.6 A , can be used 

between l i m i t s  fo r  approxim ations but has too  much 

con tinuo us  background to  be used fo r  fo rm ula ting  a 

s ta n d a rd  curve.

The s tan d a rd  curve ob tained  fo r  potassium  u s in g

3447.38 A in  a  range of c o n c en tra t io n s  from 5 to  30 

grams per l i t e r  i s  very e a s i l y  ob ta ined  and s a t i s f a c to r y  

f o r  c o n c e n tra t io n s  w ith in  th a t  range when iro n  i s  

a b se n t  or p re se n t  in  an amount l e s s  than 0.05 gram p er  

l i t e r .  A sp ec tro g rap h  g iv in g  a  g re a te r  r e s o lu t io n  of
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the  d o u b le t ,  th u s  f r e e in g  i t  from in te r fe re n c e  by iro n , 

would y ie ld  very  s a t i s f a c t o r y  r e s u l t s .

R esu lts  ob ta ined  on fo u r  samples of potassium  

c o n ta in in g  l e s s  th an  0,05 grams of iro n  p e r  l i t e r ,  and 

known to  co n ta in  14 grams of potassium , gave the  

r e s u l t s  of 1 5 .0 , 14 .25 , 1 3 .0  and 1 4 .0  grams per l i t e r ,  

an  average of about 5$ e r r o r .

Calcium. Calcium i s  p re se n t  in  an ap p rec iab le  

amount in  most g ra p h ite  rods o r d i n a r i l y  used fo r  

a n a ly s i s .  I t  was necessa ry  f o r  c o n s is te n t  and r e l i a b l e  

r e s u l t s  to  use very  pure carbons. Calcium gives a 

s ta n d a rd  curve w ith  a slope n e a r ly  h o r iz o n ta l .  Although 

a  s e r i e s  of s tan d a rd  s o lu t io n s  give a  smooth curve,
b>l<3.c

th e r e  i s  very  l i t t l e  change in  donoity  f o r  a  la rg e  

change in  c o n c e n tra t io n ,  due to  the extreme p e r s is te n c e  

of ca lc ium  even in  very minute amounts. Thus the 

d e te rm in a t io n  of unknowns i s  much l e s s  accu ra te  fo r  

ca lc ium  than , fo r  example, magnesium. Only two l i n e s  

o f calc ium  were found to  y ie ld  s a t i s f a c to r y  s tandard  

cu rv es ;  3158.87 and 3179.33 A . Between the  concen tra

t i o n s  of O.QQl and 5 grams per l i t e r ,  smooth s tandard  

c u rv e s  were o b ta ined  and su ccess fu l  de te rm ina tion s  made. 

However, the p e rc e n t  e r r o r  was h igher fo r  calcium than  

f o r  magnesium, manganese, i ro n  or phosphorus, p a r t i c u -
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l a r l y  when th e  c o n c e n tra t io n  of the  unknown was very low.

Actual a p p l ic a t io n s  of th e  methods ju s t  d iscu ssed  

were made in  th e  an a ly ses  of p la n t  ash  t i s s u e s  fo r  the  

Botany department under the d i r e c t io n  of Dr. R. p . 

H ibbard. The r e s u l t s  w i l l  appear in  a forthcoming 

p u b l i c a t io n  o f  t h a t  departm ent.

Summary

Calcium, magnesium, manganese, potassium , 

phosphorus and iro n  may be determ ined in  a  s o lu t io n  

o f  t h e i r  s a l t s  by means of the  spec trograph  by the 

methods ju s t  described* Under the  co n d it io n s  of 

exposure  and a r c in g  used, a  d e f in i t e  range of concen

t r a t i o n s  fo r  each element was found s a t i s f a c to r y ;  

th e y  a re :

(1 ) For calcium , Q.OQl to  5 grains per l i t e r .

(2) For potassium , 1 to  50 grams p e r  l i t e r .

(3 )  For i ro n ,  0.0005 to  2 grams p e r  l i t e r .

(4 )  For magnesium, 0.001 to  5 grams per l i t e r .

(5 ) For manganese, O.OQI to  5 grams per l i t e r .

(6 )  For phosphorus, 0.01 to  10 grams per l i t e r .
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Lines s a t i s f a c t o r y  f o r  the  a n a ly s is  of the  ranges 

j u s t  m entioned under th e  co n d it io n s  of exposure 

employed a re  as  fo llo w s:

Calcium 3158.87 and 3179.33 A

Potassium  3446.37 and 3447.38 A

Iro n  2598.08 and 2599.40 A

Magnesium 2776.71 and 2779.85 A

Manganese 2576.12 and 2605.69 A

Phosphorus 2536.38 A
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I I

Spee trog raph ic  D eterm ination of Zinc, Cadmium, 
Copper and I ro n  in  C oncentrated B ickel S u lfa te  
S o lu tio n s .

In tro d u c tio n  

I t  has been found th a t  small amounts of z inc , 

cadmium, copper and iro n  m a te r ia l ly  e f f e c t  the 

p h y s ic a l  p ro p e r t ie s  of n ic k e l  when e l e c t r o l y t i c a l l y  

d e p o s i te d  from s u l f a t e  s o lu t io n .  Ordinary chemical 

methods of a n a ly s i s  fo r  th e se  m etals when p re se n t  in  

amounts of a  few m illig ram s p e r  l i t e r  of s o lu t io n  a re  

d i f f i c u l t ,  te d io u s  and no t very a c c u ra te .  The 

sp ec tro g ra p h ic  method i s  very ra p id  and accu ra te  even 

f o r  th e s e  exceed ing ly  small amounts.

In th e  procedure follow ed in  t h i s  in v e s t ig a t io n

th e  s o lu t io n s  a re  p laced  in  hollow g ra p h ite  e le c tro d e s ,
t> la c  N

a rc e d  and th e  s p e c tr a  photographed. The den p i ty  of 

th e  l i n e s  of the  m etal to  be determ ined i s  compared 

w ith  the  d e n s i ty  of the  co rrespond ing  l i n e s  made by 

th e  s tan d ard  s o lu t io n s  and the r e s u l t s  r a p id ly  

in t e r p r e te d .
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p re p a ra t io n  of M a te r ia ls

A ll su b s tan ces  used in  th e  de te rm in a tio n s  were 

f i r s t  ana lyzed  s p e c t ro g ra p h ic a l ly  fo r  t r a c e s  of the 

m e ta ls  to  be determ ined and were found to  be s u f f i 

c i e n t l y  f r e e  of con tam ination .

S u f f ic ie n t  z inc  s u l f a t e  to  make a  s o lu t io n  

c o n ta in in g  one gram of zinc p e r  l i t e r  was d isso lv ed  

in  d i s t i l l e d  w a te r .  To 70 m i l l i l i t e r s  of t h i s  

s o lu t io n  were added 30 grams of n icke lou s  s u l f a te  

and th e  r e s u l t i n g  s o lu t io n  made up to  100 m i l l i 

l i t e r s  v o lu m e tr ic a l ly .  S im ila r ly ,  o the r  s o lu t io n s  

were p repared  so t h a t  the  f i n a l  range of concen tra

t i o n s  was 700, 350, 300, 250, 200, 150, 100 and 50 

m ill ig ram s of zinc per l i t e r  of s o lu t io n  co n ta in in g  

a l s o  62 .7  grams of n ic k e l .

A s tock  s o lu t io n  of n ic k e l  s u l f a te  g iv in g  a 

c o n c e n tra t io n  of 62 .7  grams of n ic k e l  per l i t e r  was 

p re p a re d  with d i s t i l l e d  w ater. Another s o lu t io n  

c o n ta in in g  enough cadmium s u l f a t e  to  y ie ld  1400 

m ill ig ram s per  l i t e r  of cadmium was a ls o  prepared . 

From th e s e  two s to ck  s o lu t io n s  a s e r i e s  of d i lu t io n s  

was made y ie ld in g  a  f i n a l  range of 1400, 700, 350, 

200 and 50 m ill ig ram s p e r  l i t e r  of cadmium in  a 

s o lu t io n  of n ic k e l  s u l f a t e  c o n ta in in g  62.7 grams of
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n i c k e l  p e r  l i t e r .

Enough copper s u l f a te  to  y ie ld  200 m illig ram s 

of copper p e r  l i t e r  was d is so lv e d  in  100 m i l l i l i t e r s  

of th e  s tock  s o lu t io n  of n ic k e l  s u l f a t e .  To 10 

m i l l i l i t e r s  of t h i s  s o lu t io n  were added 90 m i l l i 

l i t e r s  of th e  n ic k e l  s o lu t io n  y ie ld in g  one co n ta in in g  

20 m ill ig ram s per  l i t e r  of copper. S im ila r ly ,  one was 

p re p a re d  c o n ta in in g  2 m ill ig ram s of copper per l i t e r .

In  e x a c t ly  th e  same manner, u s in g  fe r ro u s  

ammonium s u l f a t e ,  th re e  s o lu t io n s  c o n ta in in g  200, 20 

and 2 m illig ram s of i ro n  per l i t e r  were p repared .

R e -g ra p h it iz e d  Ac he son g ra p h ite  rods were cut 

in to  convenient le n g th s  fo r  a rc in g .  One h a l f  were 

d r i l l e d  a t  one end to  make c r a t e r s  f o r  the  so lu t io n ;  

th e  o th e r  h a l f  were f i l e d  wedge shaped.

One t e n th  m i l l i l i t e r  p o r t io n s  of the so lu t io n s  

were p ip e t t e d  in to  th e  p re -  ig n i te d  c r a t e r s  while the  

ca rb o n s  were s t i l l  warm. A fte r  be ing  thoroughly  d r ie d  

i n  an e l e c t r i c  oven a t  100 th ey  were ready  fo r  a rc in g .
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Procedure

Eastman p l a t e s  were used on a  medium quartz

sp ec tro g rap h  g iv in g  a  n ine  inch  d isp e rs io n  covering  

wave le n g th s  from approxim ately  2100 to  5000 angstrom 

u n i t s .

The e le c t ro d e s  c o n ta in in g  the  s o lu t io n s  were made 

th e  anodes and were a rced  u s in g  300 v o l t s  D.C.

The le n g th  of the exposure depended upon th e  

m etal t o  be determ ined. In  the  case of z inc , one 

m inute exposures were made a t  nine amperes. The 

l i g h t  from the  a rc  was cu t down to  1 percen t by a  

r o t a t i n g  s e c to r  a f t e r  p a ss in g  through a  le n s .

M e ta l l ic  z inc was f la sh e d  on to  give the  R.U. l i n e s  

f o r  qu ick  i d e n t i f i c a t i o n .  One minute exposures of 

each zinc sample were made, beg inn ing  w ith  the 

g r e a te r  c o n c e n tra t io n  and ending w ith  n ic k e l  so lu t io n  

f r e e  of z inc .

The method of determ in ing  the  amount of zinc in  

commercial ba th s  c o n s i s t s  of exposing th re e  known 

c o n c e n t ra t io n s  of zinc in  n ic k e l ;  one of a  concen

t r a t i o n  ju s t  equal t o  the  Ms a f e ty H p o in t ,  one g re a te r  

and  one l e s s .  The spectrum of the  sample to  be 

an a ly zed  i s  p la c e d  between th e s e  s p e c tr a l  s tandards
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u s in g  as  n e a r ly  a s  p o s s ib le  th e  same c o n d it io n s  of
\d \ac k  e-TO \ 5

exposu re . By a comparison of l i n e  ebcf to i t io s- the  

unknown can be very  ra p id ly  determ ined as  f a l l i n g  

between d e f in i t e  l i m i t s .

In  th e  case of cadmium th e  same procedure may be 

employed except t h a t  th e  le n g th  of exposure may be 

sh o r ten e d  to  f o r t y - f i v e  seconds as cadmium v o l a t i l i z e s  

more r a p id ly .  S o lu tio n s  co n ta in in g  1400, 700, 350,

200 and 50 m ill ig ram s of cadmium per l i t e r  were used.

N e ithe r  i ro n  nor copper w i l l  vaporize to  the 

p o in t  of not a f f e c t i n g  a  photographio p la t e  and thus 

th e  method fo r  t h e i r  d e te rm ina tion  depends e n t i r e l y  

upon uniform  exposure . T h ir ty  seconds a re  s u f f i c ie n t  

f o r  copper. I ro n  re q u ir e s  a  s l i g h t l y  lo n g e r  time.

Very sm all amounts of both  a re  r e a d i ly  d is c e rn ib le  in  

n ic k e l  s o lu t io n s .

Although th e  g ra d a tio n s  of vary ing  amounts of 

th e s e  m eta ls  a re  apparen t to  the  eye, p re c is io n  measures
W a c k e 'Y u - r v ^

were made of the  densit- les  of the l i n e s  w ith  the  

d e n s i ty  com parator.

Readings on bo th  l i n e s  and backgrounds were 

re p e a te d  ■until s a t i s f a c to r y  checks were ob ta ined . A
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re a d in g  of th e  galvanometer when no l i g h t  reached the  

c e l l  was a l s o  taken  and termed the 11 zero11 read ing . The 

d i f f e r e n c e  of both the l i n e  and background read ings  

from zero  were c a lc u la te d .  The r a t i o s  of these  

d i f f e r e n c e s  were p lo t t e d  as o rd in a te s  a g a in s t  the  

lo g a r i th m s  of the c o n c en tra t io n s  as  a b sc is sa e .  The 

r e s u l t i n g  curve resem bles an Hurter and D r i f f i e ld  curve 

o lo s e ly ,  and i s  termed th e  s tan dard  curve.

Tabula tion  of Data 

Typical s e t s  of read ings and c a lc u la te d  r a t i o s  

f o r  th e  s tandard  curves of zinc and cadmium a re  shown 

in  th e  fo llow ing  ta b le s .

TABLE I

ZINC IN NICKEL SULFATE SOLUTION

mg
Zn/1

Zinc l i g e  
3303.6 A

Zinc l i n e  
3345.0 A

Back
Ground 3303.6

5at
A

io s
3325.0 A

700 36.4 38.5 30.7 .61 .47
350 35.6 37.6 30.3 .65 .53
300 35.7 37.8 30.8 .67 .53
350 35.0 37.1 30.7 .73 .57
300 34 .4 36.8 30.5 .74 .58
150 33.5 35.8 30 .0 .77 .63
100 31.6 34.3 19 .9 .89 .72

50 31.7 23.9
_ _____

31.0 .95 .80

Complete b lackness: 35.5
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TABLE I I

CADMIUM IN NICKEL SULFATE SOLUTION

mg
Cd/1

Line 
3261.05

k
Back

Ground R atio

Line
4799.91

k
Back

Ground R atio

1400 30,9 1 9 .4 .29 30.5 21.5 .36
700 30.4 19 .5 . 32 29 .4 21.5 . 37
350 30.0 1 9 .3 .34 26.4 21.6 .65
300 23.8 18 .3 .39 24.0 20 .4 .76

50 26.6 18.8 .53 22.7 20 .4 .85

Complete b lack n ess :  35.5

The d e n s i ty  comparator g ives very s e n s i t iv e  and

a c c u ra te  measurements no t apparen t to  the  eye. For a l l  

a c c u ra te  q u a n t i t a t iv e  work i t  should he used, hut fo r  

c o n t r o l  work, t h a t  i s  to  say , between d e f in i t e  l i m i t s ,
b>lacth e  l i n e  den s i t i e s- do not need to  he measured. Care 

must he taken not to  reach the  p o in t of complete 

b lack e n in g  of the  l i n e s  or the  d i f fe re n c e s  in imnnitqi 

due t o  change in  co n c en tra t io n  are  not ap paren t.

F igure  1 shows fou r ty p ic a l  curves ob ta ined  by
(vne \o\cxc. e~n \ m

p l o t t i n g  r a t i o s  of dens-i t i ee a g a in s t  the  logarithm s of 

c o n c e n tra t io n ;  ( l )  and (2) a re  fo r  zinc and (3) and (4 )  

a r e  f o r  cadmium. The two curves fo r  z inc  are  very 

n e a r ly  p a r a l l e l ,  the  l i n e  of the  g re a te r  i n t e n s i t y  

l y i n g  above the  l i g h t e r  l i n e .
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FIGURE 1 . STANDARD CURVES.
1 .  Z inc -  3 3 0 2 .6  A 2 . Z in c  - 3 3 2 5 .0  A
3 . Cadmium -  3 2 6 1 .0 5  A 4 . Cadmium -  4 7 9 9 .9 1  A
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The two cadmium l i n e s  shown are  from d i f f e r e n t  

r e g io n s  of the  spectrum. The one ahove (3261.05 A ) 

i s  very  n e a r ly  maximum b lacken ing  and g ives only the 

upper p a r t  of the  s tandard  curve. The low er l i n e  

(4799.91 A ) g ives a  ty p ic a l  curve fo r  c o r r e c t  exposure.

F igure  2 i s  a  p r in t  of th e  p la te  from which 

re a d in g s  on the  d e n s i ty  comparator were made and 

re co rd ed  in  Table I .  The two used in  p re p a r in g  th e  

s ta n d a rd  curves a re  shown d o tted  on the p l a t e .  A 

p e c u l i a r  phenomenon was observed on t h i s  p la t e .  A l i n e  

j u s t  t o  th e  r ig h t  of 3302.60 A appeared to  increase  

in  i n t e n s i t y  as  the zinc l i n e  decreased . However, upon 

m easuring  i t  on the  d e n s i ty  comparator, i t  was found 

t o  be co n s tan t  and merely an o p t ic a l  i l l u s i o n .  The 

l i n e  was i d e n t i f i e d  as an i ro n  l i n e ,  3305.978 A , i ro n  

o c c u rr in g  as  an im purity  in  the  zinc.

F igure 3 shows the p la te  from which l i n e s  of 

cadmium were s e le c te d  to  make the  s tandard  curves 

shown in  f ig u re  1 . The two l i n e s  of cadmium marked 

a r e  3261.05 and 4799.91 A .

F igure 4 shows how iro n  may be d e tec te d  in n ic k e l  

in  very  small amounts. The double t 2598.377 and 

2599 .4  A was found to  be most s a t i s f a c to r y  fo r  very
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sm all amounts of i ro n .  The upper spectrum re p re s e n ts  

300 m ill ig ram s p e r  l i t e r ,  the  second 30 m ill ig ram s pe r  

l i t e r  and th e  t h i r d  3 m illig ram s p e r  l i t e r .  The l a s t  

one i s  pure n ic k e l .

Copper an a ly se s  were made in  the same manner as 

th o se  fo r  iro n .

Although th e  methods were worked out u s ing  a 

medium q u a r tz  spec trograph , i t  has been adapted in  t h i s  

l a b o r a to r y  to  the  use of an instrum ent of l e s s  d is p e r 

s io n .  The r e s u l t s  w i l l  be se t  f o r th  in  a forthcoming 

p u b l i c a t io n .

Summary

Very sm all amounts of z in c ,  cadmium, iro n  and 

copper in  n ic k e l  s u l f a te  s o lu t io n s  were r e a d i ly  

determ ined  by sp ec tro g rap h ic  methods using  so lu t io n s  

i n  g ra p h ite  e le c t ro d e s .

L ines  of each substance were s e le c te d  which showed
li vie b  Uc y>' 3

d e f i n i t e  g ra d a t io n s  of dassafcfcy f o r  small changes in  

c o n c e n t ra t io n ,  and which were p e r s i s t e n t  in  very low 

c o n c e n t ra t io n s .  Such l i n e s  a re :  z inc , 3302.60 and 

3345.60 A ; cadmium, 3261.05, 4799.91 and 3763.9 A ; 

i r o n ,  2598.36 and 2599.39 A J and copper, 3273.96 A .


