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14OLYBDENUbl W L Y S  IS BY ATOMIC 
ABSORPTION SPECTROSCOPY 

4 
A molybdenum hollow cathode lamp, f o r  analyzing h b  by AAS, 
has r e c e n t l y  been acquired by t h e  Laboratory. Machine 
ope ra t ing  parameters, sample d i s s o l u t i o n  method, p r e c i s i o n  

. of a n a l y s i s  a t  two molybdenum l e v e l s ,  and the minimum de- 
t e c t i o n  l i m i t  have been inves t iga ted  and are h e r e i n  reported.  

M A C H I N E  ' 0 P . E R A T I N G  . P A R A M E T E R S  .- 

The p r e f e r r e d  machine operat ing parameters  f o r  our  Techtron 
AA-4 u n i t s  are a s  follovrs: -- 

Wave length-------------------------------- 3133AO 

S l i t  width- -------- - ---------------- ------- - 50 P 

Hollow cathode lamp current---------------- 7 m a  

A i r - -  ---- ---------------------------------- 2 3  p s i g  

The e f f i c i e n c y  of obta ining t h e  molybdenum vapor i n  the 
a n a l y t i c a l  flame i s  extremely s e n s i t i v e  t o  flame condit ions.  
The 4.5 ace ty l ene  s e t t i n g  shown above i s  only approximate. 
Probably t h e  b e s t  way t o  achieve a s u i t a b l e  flame i s  t o  
a d j u s t  t h e  gas  flow t o  y ie ld  a 0.30 t o  0.35 absorbance 
whi le  a spe ra t ing  a 100 ppm 1.10 s tandard .  This  w i l l  be a 
very luminous flame. 

Because of t h e  s e n s i t i v i t y  t o  flame condi t ions  we have 
n o t  found it p r a c t i c a l  t o  use " s c a l e  Expansion" t o  increase  
t h e  l i m i t  of  de t ec t ion  of the  i-io a n a l y s i s .  I f  f a c t ,  a 
f a i r l y  h igh time constant  m u s t  be used, t h r e e  o r  four  set- 
t ing ,  t o  reduce f l uc tua t ion  t o  a manageable l eve l .  

S A M P L E  D I S S O L U T I O N  M E T H O D  

l~lolybdenite i s  a d i f f i c u l t  mineral  t o  d i sso lve .  The o ther  
molybdenum conta ining minerals d i s s o l v e  r e a d i l y  i n  aqua 
r e g i a ,  The f a s t e s t  way w e  have found t o  p u t  molybdenite 



.. 
I into so lu t ion  i s  t h a t  suggested by Treadwell .- - .. and Hall 

(1942 1. They t r e a t  molybdenite with HNO3 + %SOq, evapo- 
r a t 6  t o  Z ~ e s  of su l fu r  t r ioxide,  b u t  not  t o  dryness, 
and then d isso lve  the residue in aqua regia.  Tne r a t i o  
of HN03 to HZS04 = 1.3 - 1.5, The s p e c i f i c  s t eps  of the 
procedures are given in'a l a t e r  sect ion.  

P R E C I S I O N  0 F A N A L Y S E S  A N D  
D Z T E C T X O N  L I M I T  

h rock sample containing considerable v i s i b l e  nolybdenite 
was broken i n t o  about one inch pieces  and then two f rac t ions ,  
one with a high molybdenuril content  and another with a much 
lower molybdenum content were selected.  The samples w e r e  
crushed t o  minus 1/4 inch, pulverized t o  minus 100 mesh, 
and thoroughly mixed. 

S i x  powder specimens of each of t h e  l o w  and the high molyb- 
denum containing sample were weighed o u t .  One gram specimens 
were taken of the high 140 sample, and 10 gram specimens 

- 
w e r e  taken of the low 140 sardple. The samples were digested 
by the method described above, d i lu ted  t o  a s u i t a b l e  analyt-  
i c a l  range and analyzed by AAS. 

The a n a l y t i c a l  r e s u l t s  were 'as follows: 

WZIGHT PER CENT MOLYBDENUM 
1 

SAMPLF: 

1 

2 

3 

4 

5 

6 

Average 

Grand Average 

1 

, H i q h  Mo 1 & w M o  
Readinq 1 I Readina 2 f Reading 1 1 Readinq 2 

23.5 

23.5 

24.0 

24.5 

24.0 

25.0 

23.7 

23;O 

22.5 

23.5 

24.0 

24-5 

25-0 

23-7 

0.595 

0.585 

0.585 

0,565 

0.610 

0.630 

0.596 

23.7 0.593 
a 

0,595 

0.585 

0- 585 

0,555 

0.610 

0.610 

\ 

0.590 - 
- 



. * .  he standard deviation and coefficient of variation was 
calculated for  each sample series.  Also, the standard 

B 
deviation and coefficient of variation w a s  calculated for 
the two separate readings on the low molybdenum sample. 
 his allows' some estimate of the source of var'iation, ie, 
between separate specimens compared to separate machine 
readings. The t o t a l  standard deviation represents the 
variation due t o  the aggregate affects  of sampling, weigh- 
ing, pipeting, and machine variation. The results  of 
the calculations follow: C 

SAMPLE* AVERAGE STANDARD COEFFICIENT OF COEFFICIENT OF 
DEV,# TOTAL VARIATION, MACHINE VARIATION, TOTAL - 

HighMo 23.7% 0.90 not determined 3 -8% 

- - - 

* Six samples in each group 

A n  estinate of the 1id.t of detection is  made by defining 
the l i m i t  of detection as 2 percent absorbance. This was 
found to  be equivalent to  about 1 ppm in the analyte. C.on- 
sidering sample to  analyte di lut ion of ten (10-gram sample 
talien to 100 nl) the detection l i m i t  i n  the sample would 
be 10 ppm. 

D I S C U S S I O N  

T;le method seems t o  be re l iab le  and fas t ,  Tile precision 
i s  surprisingly good considering the necessary character 
of the flame for  molybdenum. The sensi t ivi ty is -poorer  
than was hoped, part icularly since scale expansion cannot 
be used. Ten ppm i-5o in the sample i s  somarhat above geo- 
chemical background for 1.b. According t o  Hatvkes and Webb 
(1962) baclcground geochemical levels  for I - i i  range as l o w  
as 0.2 ppm. Possibly an extraction - concentration pro- 
cedure would allow the geochemical determination of nolyb- 
denun by AAS . 


