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Abstract:
Two aspects of furnace atomic absorption spectroscopy were studied.

The first involved the development of a background correction technique using plane polarized light.
Two perpendicularly polarized light beams were compared to one another — a continuous background
source and the hollow cathode radiation. Solid and liquid samples were run. The solid samples were
inserted into the furnace using a graphite cup and the liquid samples were ultrasonically nebulized into
the furnace. Calibration curves for Co, Cr, and Ag were run. Blank cups were inserted using: Al, Co,
Cr, Cu, Dy, Mg, and Mn hollow cathodes.

No blank reading was observed. An optical system employing a Glan-Taylor calcite polarizer was
used. A Beckman D. B. was used to compare the two polarized beams. Sensitivities ranged from about
10-11 g for solid samples and 10-10 g/ml for liquid samples.

c.

The second feature covered was the development of an analytical method for analyzing for microtrace
concentrations of Ag in snow, hail or water. The method involved preconcentratibn of the Ag by
solvent extraction and its subsequent analysis by furnace atomic absorption (FAA). The extractant was
a ditbizone-CCl4. solution. Two hundred twenty five snow and four hail samples were analyzed by this
method. A comparison between flame boat AA, neutron activation analysis and furnace AA was
presented. The results obtained by the boat technique were quite different than those obtained by the
other two methods. Where neutron activation analysis is +30% reproducible, FAA's reproducibility is
+5%. The concentration ranges involved were on the order of 5x10-11 gm/ ml. The sensitivity for the
FAA method was 5x10-13gm/ml.
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ABSTRACT

Two aspects of furnace atom ic absorption spectroscopy w ere studied.
The f i r s t  involved the developm ent of a background co rrec tio n  technique using 
plane po larized  light. Two perpendicularly  po larized  light beam s w ere com pared 
to  one another — a continuous background source and the hollow cathode ra d i­
ation. Solid and liquid sam ples w ere run. The solid sam ples w ere in serted  into 
the furnace using a g raphite  cup and the liquid sam ples w ere u ltrason ically  nebu­
lized into the furnace. C alibration curves fo r Co, C r, and Ag w ere run. Blank 
cups w e re 'in se r ted  using: Al, Co, C r, Cu, Dy, Mg, and Mn hollow cathodes.
No blanlc reading  was observed. An optical system  employing a G lan-Taylor 
ca lc ite  p o la riz e r  was used. A Beclcman D. B. was used to com pare the two 
po larized  beam s. S ensitiv ities ranged from  about 10“"^ g fo r solid sam ples 
and IO-10 g /m l fo r liquid sam ples.

c.
The second fea tu re  covered was the developm ent of an analytical method 

fo r analyzing fo r m ic ro trace  concentrations of Ag in snow, hail o r w ater. The 
m ethod involved p reconcen tra tibn  of the Ag by solvent ex trac tion  and its  subse­
quent analysis by furnace atom ic absorption (FAA). The ex trac tan t was a 
ditbizone-CCLj. solution. Two hundred twenty five snow and four hail sam ples 
w ere analyzed by th is  method. A com parison between flam e boat AA, neutron 
activation analysis and furnace AA was p resen ted . The re s u lts  obtained by the 
boat technique w ere quite different than those obtained by the o ther two m ethods. 
W here neutron activation analysis is  +30% reproducib le , FA A 's reproducib ility  
is  +5%. The concentration ranges involved w ere on the o rd e r of 5x10""^  g m / 
m l. The sensitiv ity  fo r the FAA m ethod was S x lO - -1-3 g m /m l.



INTRODUCTION

Our environm ent and the quality thereof is  the concern  of every  man, 

woman, and child on th is planet. With the development and application of r e l i ­

able and sensitive  analytical m ethods, chem ists  have been able to m onitor tra c e  

elem ent concentrations and th e ir  influence on the inhabitants of the earth . F u r ­

nace atom ic absorption spectroscopy (FAA) is  perhaps one of the m ost revolu­

tionary  analytical techniques at the p re sen t tim e. It has the sensitiv ity  capa­

bility  to  compete w ith neutron activation analysis , while at the sam e tim e being 

as reproducible as flam e atom ic absorption, these  two fea tu res  coupled with the 

fact that solid , liquid, o r  gas sam ples can be analyzed m ake FAA a potentially 

powerful tool in  the fields of pollution control, w eather m odification, m edicine, 

and geochem istry  as well as chem istry .

Within the past two y e a rs , sev e ra l la rge  instrum ent com panies have 

m ade available non-flam e atom ic absorption attachm ents fo r th e ir  com m ercial 

atom ic absorption spectrophotom eters. In general, these  system  a re  quite dif­

fe ren t than  the fu rnace. Most com m ercial m odels flash  evaporate the sam ple 

by heating the en tire  system  each tim e a sam ple is  introduced. The furnace, 

on the o ther hand, rem ains at a constant tem p era tu re  as sam ples a re  in serted  

into it fo r atom ization. The com m ercial non-flam e units a re  about two o rd e rs  

of magnitude m ore sensitive  than flam e AA, while fu rnaces a re  about four 

o rd e rs  of magnitude m ore sensitive  than flam e AA.
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The m ore  prom inent w orkers in the field of non-flam e AA a re : L 'vov in 

R ussia , 2 ’ 3) M assm an in W est G erm any, ^  Kahn and Manning in  th is coun­

try , ^  Amos in A ustra lia , ^  and W oodriff also in th is  country. The system  

developed by L 'vov is  undisputedly the m ost sensitive , but is  neither p rac tica l 

nor convenient as fa r  as the routine analysis of sam ples is  concerned.

This th e sis  deals p rim arily  with two aspects of FAA, the f i r s t  being the 

developm ent of a background co rrec tio n  technique which can be applied to any 

double beam  atom ic absorption system . The second aspect covered  is  the appli­

cation of FAA to the analysis of m eta ls  in re a l sam ples, nam ely, s ilv e r in  snow. 

This is  cu rren tly  the best method fo r analyzing fo r m ic ro trace  concentrations 

of s ilv e r in e ith e r snow or w ater.

■■ -v •-, •



STATEMENT OF THE PROBLEM 

Background C orrection

In atom ic absorption spectrophotom etry , background absorption occurs 

from  solvent m a trix  effects, from  light sca tte rin g  in the optical pathway, o r 

anything e lse  Other than the sam ple which absorbs light from  the hollow cathode 

sou rce . T here a re  various m ethods fo r elim inating the re la tiv e  effects of back­

ground absorption. One of th ese  techniques is  to com pare the hollow cathode

(8 )rad ia tion  w ith som e continuous source such as a hydrogen o r deuterium  lam p ' . 

This is usually done in the ac m ode, that i s ,  the photom ultiplier alternately  de­

te c ts  the m onochrom atic rad ia tion  and the continuous rad iation . The output is  

the net difference between the tw o .. A second technique involves the sam e p rin ­

ciple except th a t the photom ultip lier com pares the line em itted  from  two d iffe r­

ent hollow cathodes o r elem ents  ̂ \  A m ore  recen t method developed by R ains, 

involves a v ibrating  sec to r placed inside the en trance  s l i t ^ \  The sec to r opti­

cally  com pares the m onochrom atic rad ia tion  on and off the line. This technique 

is  sim ple and holds g rea t p rom ise .

It w as thought tha t a system  using plane po larized  light could be used as

(11)
a  background co rrec tio n  technique ' . If the re fe rence  rad ia tio n  is  po larized

perpendicu lar to  the sam ple rad iation , the  two could be com pared e ither in  the

ac o r dc mode. In the ac m ode, the output is  the net d ifference between the two

(12 )
so u rces . In the dc mode both sou rces can be observed independently ' . The
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system  d iscussed  involves the use of the ac mode. The technique w ill work 

quite well if  the two po larized  beam s can be effectively separa ted .

A nalysis of Silver

Seeding clouds w ith s ilv e r iodide c ry s ta ls  is  one of the oldest and m ost

widely used  types of w eather m odification. In theory , the s ilv e r  iodide c ry s ta l

is  quite s im ila r  in s tru c tu re  to a snow c ry s ta l. It should th e re fo re  serve as a

nucleating agent fo r a  snow c ry s ta l in a supersa tu ra ted  cloud. Many m illions of

d o lla rs  and m an hours have been devoted to the study of s ilv e r  iodide and its

effect on cloud physics and precip ita tion . Under labora to ry  conditions in  a cold

cham ber se t up to  m odel a su p ersa tu ra ted  cloud, seeding w ith s ilv e r iodide is

quite effective. The technique involves counting snow flakes to  determ ine if

seeding o ccu rred . This m ethod when used in  the field , although it is  quite cum -

(13)ber som e and tim e consum ing, has had som e degree of s u c c e ss ' . Another

m ore p rac tica l method is  to  m easure  the s ilv e r concentration in  seeded and

unseeded snow and m ake som e so rt of co rre la tio n  between in c reased  snow pack

and in c reased  s ilv e r concentration. During the past five y e a rs  th e re  have been

two accepted techniques fo r m easuring  Ag in  snow. The f i r s t  and m ost widely

(14)accepted is  neutron activation analysis . This technique re q u ire s  large 

sam ples (I to  10 li te rs  of m elted  snow), a  source of neutron flux, m uch money 

(ca $50 p e r  sam ple), and has poor p rec isio n  in the region of the Ag concentration
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in  snow. Another even le ss  p rec ise  m ethod has come into ex istence recently .

This method, how ever, is  cheap. It is  a flam e atom ic absorption technique

(15)involving a m icro -sam pling  b o a t  ̂ . The claim ed detection lim it for th is te ch ­

nique ranges from  10“^® g m /m l to 5 x l 0 ~ ^  g m /m l of s ilv e r. These reported  

lim its  incorpora te  a p reconcen tra tion  step  and a IOX re c o rd e r  sca le  expansion. 

O rdinary flam e AA has been used fo r the s ilv e r analysis in  seeded snow, but 

the p rocedure lacks re lia b il i ty ^ ^ .. The values rep o rted  by th e se  m ethods a re , 

to say the le a s t, quite questionable.

Background concentrations fo r s ilv e r  in  snow range from  4 x IO- H  g m / - 

m l to  2 x IO- *2 g m /m l.. Seeded sam ples contain from  6 x 1 0 " ^  g m /m l to 

6 x l 0 - 10 g m /m l of s ilv e r.

The sensitiv ity  of FAA fo r s ilv e r is  on the o rd e r of 5 x 10""-^ g m /m l with 

a 10X p reconcen tra tion  step  and no re c o rd e r  sca le  expansion. The rep roduci­

bility  of the m ethod in the S x lO - H  g m /m l range is  +5% as com pared to  +30% 

w ith neutron activation analysis . FAA should be an excellent method for m ic ro -  

tra c e  s ilv e r a n a l y s i s ^ \  T here  a re , how ever, many problem s involved in 

handling such sm all concentrations of s ilv e r. U ntreated aqueous s ilv e r solu­

tions a re  unstab le, especially  if the s ilv e r concentration is  below 10- 8 gm /m l. 

S ilver is  adsorbed onto the surface  of the con tainer Wall, th e re fo re  the solution 

m ust be.-stabilized. Contam ination is  another problem . M ost con tainers,
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so lvents, and reagen ts a re  contam inated with s ilv e r at th is  concentration 

level. The method developed, and the p rocedure used fo r handling the 

sam ples w ill be d iscussed .

'• ' •. , - I



EXPERIMENTAL

Background C orrection

The apparatus used fo r th is  study can be separa ted  into th ree  categories: 

the fu rn ace , the optical system , and the detection system .

The Furnace ,

The furnace design illu s tra ted  in figure I  depicts a second generation

(VI 18)furnace. This furnace is  somewhat different than  that used p rev iouslyv \

The h ea te r tubes a re  15.2 cm  long, 10 m m  o. d . , and 7 m m  i .d .  The heat sink
X

in  the cen te r holds the h ea te r tubes, the shield tube, and also  ac ts  as the sam ­

ple in le t. At the outer ends, the h ea te r tubes a re  held by copper chucks. The 

chuck is  attached to  a sp ira l copper tube (figure 2) which acts  as an end cooling 

p la te . The sp ira l tubing is  flexible to  allow fo r expansion of the h ea te r tubes. 

The furnace is  flushed w ith argon gas to prevent the oxidation of the graphite. 

The argon en te rs  at the sam ple po rt, p a sse s  down the side tube, and out the 

h ea te r tubes. The hot gas escapes from  the furnace through the copper cooling 

coils and is  m onitored w ith flow m e te rs .

Solid, liquid, and gas sam ples can be introduced into the furnace fo r 

analysis . Solids a re  p laced on a graphite cup, ashed if n ecessa ry , screw ed on­

to  an 1/8 in. graph ite  rod  and in se rted  through the side tube. Liquid sam ples 

can e ith e r be evaporated  on a cup, o r nebulized d irec tly  into the furnace. G ases 

could be analyzed by introducing the gas in place of the argon at a constant
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SPIRAL HEATER TU B E CONTACT

F igure 2: Copper cooling coil and e lec trode  chuck
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flow. Liquid sam ples w ere analyzed fo r th is  study using both techniques m en­

tioned above.

A ttached to the sam ple port is  a Vycor 18/9 socket used  to aid sam ple 

introduction. The furnace tem p era tu re  was m easured  w ith an optical pyro­

m e te r.

The Optical System

The optical system  (figure 3) consists  of a G lan-T aylor a ir  spaced c a l-  

c ite  light p o la riz e r , two G lan-type p rism  p o la rize rs  placed in  the instrum ent 

sam ple com partm ent and a quartz  collim ating lens. Two light sou rces a re  

needed: a hollow cathode and a hydrogen lam p which is  used as a continuous 

background source.

The hollow cathode light is  po larized  by the G lan-Taylor p o la rize r be­

fore  it p asses  through the furnace. The hydrogen lam p light en te rs  the p o la ri­

z e r  through the side window at a 7° angle to  the norm al to the optical axis. Two 

po larized  beam s from  the hydrogen lam p em erge  from  the p o la rize r . One is  

po la rized  perpend icu lar to the hollow cathode light while the o ther is  an e x tra ­

ord inary  ray  and is  po larized  p a ra lle l to  the light from  the hollow cathode. The 

ex trao rd in ary  ray  is  rem oved by m ere ly  positioning the p o la r iz e r  so that only 

the beam which is  po larized  perpendicu lar to the hollow cathode light passes 

through the furnace. The ex trao rd inary  ray  is  absorbed into the furnace wall.
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The angle between the two hydrogen lam p beam s is  about 10°. The ex trao rd in ­

ary  ray  from  the hollow cathode, which is  tran sm itted , is  po larized  p a ra lle l to 

the optical axis of the calcite  and the ord inary  ray  from  the hydrogen lamp is  

po larized  perpend icu lar to  the c a lc ite 's  optical axis.

Both co llim ated  beam s proceed through the furnace and com e to focus on 

the ap ertu re  placed ju s t inside the en trance to the Beckm an D. B. spectrophoto­

m e te r.

The D etection System

The m onochrom ator and read -ou t fo r th is  system  is  a  Beckm an D .B . 

spectrophotom eter. A D .B . is  a double beam  ra tio  record ing  instrum ent. A fter 

the two po larized  beam s go through the furnace and come to  focus on the ap er­

tu re  in the. D. B. they proceed  to  the instrum ent s lit , then on through the mono­

ch rom ato r. A fter passing  through the m onochrom ator the beam  com es to focusI

on a v ibrating  m ir ro r  which a lternately  re fle c ts  the light through one of the two 

p o la riz e rs  located  in  the sam ple com partm ent. One p o la riz e r  tra n sm its  only 

the background light and the o ther only the hollow cathode light. A fter passing  

through the p o la riz e rs  the light fa lls  on the photom ultiplier and the net ab so r­

bance is  reco rded . A Beckm an model 93506 lin ea r and log potentiom etric  6 

in. re c o rd e r  was used to  re c o rd  the re su lts .
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Sample P rep ara tio n

The two types of s tandard  solutions used w ere solid  and liquid standards. 

Solid s tandards are  standards that have been evaporated on a graphite cup, and 

liquid standards a re  nebulized d irec tly  into the furnace. The solid standards 

w ere p rep ared  from  sa lts  of the m etal to  be investigated. The standards w ere 

m ade by diluting a IO"7 g m /m l solution of the m etal. F ifty  pl portions of the 

s tandards w ere pipetted into a g raphite  cup and evaporated  to d ryness. The 

cups (6x11 mm) w ere screw ed onto a 1/8 in. graphite  rod and in serted  into the 

furnace for analysis . A fter the signal was reco rded , the cup was cooled in the 

Vycor en trance  tube before being placed back in a d e ss ica to r w here the cups 

rem ained  when not being used.

Liquid s tandards, which a re  to  be nebulized, a re  aqueous o r dilute acid 

solutions of a sa lt of the m etal to  be investigated . The solutions w ere diluted 

to  the working concentration range with d is tilled  m ethanol. In th is  case , the 

working range was on the o rd e r of IO""7 -  IO- ^ gm of m e ta l/m l of m ethanol. In 

solutions containing le ss  than 10-8 gm A g/m l the Ag exhibited a tendency to 

becom e adsorbed on the w alls of the beaker if  the solution was le ft to set in the 

beaker fo r m ore than 15 m inutes. Complexing the s ilv e r w ith EDTA seem ed 

to slow down the ra te  of th is  adsorption.
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Sample Nebulization

Nebulization of the sam ple solution is  c a rr ie d  out using  an u ltrason ic  

nebulizer ^  (figure 4). The solution is  pumped ac ro ss  the s ilv e red  face 

of a v ibrating  p iezoe lec tric  c ry s ta l (1.3 MHz) at a ra te  of 2.32 m l/m in. The 

nebulized vapor is  then pushed through the furnace with argon gas. The amount 

of vapor flowing into the furnace is  .465 m l/m in . Tliis ind icates that 20% of the 

sam ple gets into the fu rnace. The rem ain ing  80% of the sam ple is d iscarded . 

The size  of the m ethanol d rop le ts  is  on the o rd e r of 1.0

(19V arious coatings fo r the p iezoe lec tric  tran sd u ce r have been Studiedv ’

20)
At the p re sen t tim e  a  coating which is  capable of w ithstanding frequencies 

on the o rd e r of 1-5 MHz and is  also  re s is ta n t to  concentrated  acids and /o r 

b ases has not been developed.

The flow m e te rs  attached to  the cooling coils on the ou te r ends of the 

furnace indicated that the argon flow out of the furnace was about I  lite r /m in . 

Gas flow into the nebulizer cham ber was on the o rd e r of 500 m l/m in .
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F igure 4: A D irect Impingement U ltrasonic Nebulizer



RESULTS AND DISCUSSION

Background C orrection

The optical system  using plane po larized  light proved to be very, advan­

tageous in reducing the effects of the background absorption. Typical re c o rd e r 

readings fo r solid sam ples and liquid sam ples are  shown in figure 5 (a) and (b). 

C alibration  curves fo r Ag, C r, and Co w ere obtained (figure 6).

The lack  of reproducib ility  of the blank, especially  w ith solid sam ples,
/

has been a source of e r r o r  in  try ing  to determ ine the absolute sensitiv ity  for 

elem ents using graphite  tube furnace technique 8\  When cups a re  in se rted  in ­

to  the furnace and butt against the re ta in e r inside the heat sink, sm all flakes of 

carbon occasionally  will fall through the light path and cause absorption of som e 

of the hollow cathode rad iation . If any organic m a tte r  is  on o r in  the cup, it 

w ill pyro lize  to  fo rm  free  carbon p a rtic le s  which also cause background abso rp ­

tion. Using the po larized  light optical system , an equal amount of the continu­

ous background light is  also  absorbed, balancing out the hollow cathode abso rp ­

tion  so th a t the net absorption is  zero . The optics m ust be aligned so that the 

two collim ated po larized  beam s coincide throughout the en tire  length of the fu r ­

nace. If th is  is  not the case , unequal portions of the po larized  beam s will be 

absorbed, m aking the technique le ss  efficient.

Blank cups w ere in se rted  into the furnace using the following hollow 

cathodes: Cu, Co, C r, Mn, Mg, Al, and Dy. No net blank was observed fo r
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any of these  e lem ents. It should be em phasized, however, that because of the 

ra th e r  crude instrum entation  100% scale  deflection was not always obtainable. 

Below 2400 A the calc ite  in the G lan-Taylor p o la riz e r  began absorbing light and, 

due to alignm ent d ifficu lties, above 4100 X blackbody rad ia tion  from  the furnace 

w alls in te rfe red . Using b e tte r instrum entation  and record ing  technique coupled 

w ith im proved op tics, these problem s could be alleviated. C alibration curves 

fo r  Co and C r using the cup technique a re  p resen ted  in figure 6 (a).

Nebulizing liquid sam ples into the atom ization so u rc e , w hether it be a 

flam e, p lasm a, o r fu rnace, is  of g re a te r  in te re s t to  analytical chem ists than 

introducing solid  sam ples into the atom ization source. The technique described  

looks very  prom ising  for routine analysis of tra c e  elem ents. C alibration cu rves 

fo r Ag and C r w ere obtained (figure 6 (b)). Once the sam ple solution is  pumped 

over the face of the p iezoe lec tric  c ry s ta l it req u ire s  approxim ately 3 seconds 

to  reach  m axim um  absorption. A steady s ta te  condition is  then reached.

It was observed tha t the tim e constant of the sam ple decay curves could 

be d irec tly  re la ted  to sam ple concentration. This is  because the decay curves 

fa ll off exponentially and a re  quite consisten t. The decay curve is  dependent 

upon: furnace tem p era tu re , the vapor p re s su re  of the e lem ent, and somewhat 

on gas flow ra te . If the f i r s t  and la s t of these p a ram ete rs  a re  held constant, it 

is  reasonable that a s tandard  curve (concentration vs. tim e constant) could be
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obtained. At high concentrations of sam ple (95% scale deflection +) a sa tu ra tion  

point is  reached and a B e e r 's  law plot begins to  flatten  out-making peak height a 

le ss  re liab le  m easu re  of concentration. At these higher concentrations the tim e 

constant could be a m ore p rec ise  m easu re  of concentration. F o r sm alle r con­

cen trations however, the tim e constant is  usually too sh o rt to get p rec ise  

m easu rem en ts.

TABLE I: Sensitivity Data fo r E lem ents

Elem ent
W avelength-

A
Sample
Phase

Furnace
T em perature

(°C) Sensitivity

Co 2407.3 solid 2400 l . l x l O 'l O  gm

Cr 3578.7 solid 2200 8 .0 x l0 ""H  gm

C r 3578.7 liquid 1850 3 .Ox 10-10 gm /m l

Ag 3280.7 liquid 1600 4 .5 x 1 0 "^^  g m /m l

The sen s itiv ities  of the calib ration  curves obtained a re  lis ted  in Table I. 

C alculated absorbance readings corresponding to 1% absorption determ ine the 

sen sitiv ities  fo r the e lem ents te sted .

The system  described  can be applied to any double beam  sp ec trom eter.
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I t should w ork quite w ell w ith flam e atom ic absorption in s tru m en ts . F u r ­

nace atom ic absorp tion  is  m ore advantageous than flam e atom ic absorption, 

because it confines the sam ple in  a sm all volume of longer path length w ith 

a nonturbulent in e rt a tm osphere in  which absorption can take place. With 

im proved instrum enta tion  tra c e  elem ent analysis down to  IO- -^  g /m l for 

som e elem ents could be com m onplace.

I



EXPERIMENTAL

Silver A nalysis

This section  can be separa ted  into four m ain ca tego ries: p reparation  of 

the g lassw are  and reagen ts , the fu rn ace , the p rocedure, and the detection sy s ­

tem .

P rep ara tio n  of the G lassw are and Reagents

One se t of P y rex  g lassw are  is  kept specifically  for the analysis of s ilv e r. 

It consists  of: 6-400 m l beak ers , 6-150 m l Teflon stoppered separa to ry  funnels, 

1-100 m l graduated cy linder, 1-50 ml graduated cylinder, 1-10 ml graduated 

cy linder, and 2-500X p ipettes. All the g lassw are  was purchased  new, and not 

used  fo r any o ther purpose. A solution consisting of:

I  l i te r  of d is tilled  w ater 

I  l i te r  of concentrated  hydrochloric acid 

50 m l of concentrated  hydrofluoric acid 

50 m l of 30% hydrogen peroxide

w as used fo r cleaning all the g lassw are. The g lassw are  was rin sed  in th is so lu ­

tion. A fter th is  in itia l cleaning, the sep ara to ry  funnels w ere kept filled  with 

I . ON HNOg between uses. The beakers and graduated cy linders w ere period i­

cally  soaked in I N HNOg, then  rinsed  6 to 8 tim es with doubly d istilled  w ater.

The reagen ts used w ere dithizone (diethylthiocarbazone), carbon te t r a ­

ch loride , and n itr ic  acid. The dithizone is  reagent grade and was re c ry s ta llized



-  23  -

five tim es to  insu re  its  purity . The carbon te trach lo rid e  was d istilled  as was - 

the n itr ic  acid. All reagen ts w ere independently checked fo r s ilv e r. The w ater 

used fo r rinsing  the g lassw are  and m aking dilutions was doubly d istilled  in 

Pyrex.

The Furnace

The furnace used in  th is  study was a th ird  generation  furnace (figure 7).

It is  e ssen tia lly  the sam e basic  design as a  second generation  furnace w ith one 

m a jo r exception — the outside jacket is  double w alled s ta in less  s tee l fo r w ater 

cooling. The sh ield  tube and heat sink was constructed  from  one piece of g rap h ­

ite . These two fea tu res  seem ed to  have g rea tly  in c reased  the lifetim e of the 

h ea te r tubes. One p a rtic u la r  p a ir  la sted  10 months without burning out. P rev i­

ous to  th a t, the expected lifetim e was one o r two m onths. The furnace te m p e ra ­

tu re  was m easu red  through the side tube with an optical py ro m ete r. F urnace 

te m p e ra tu re s  can be v a ried  from  200°C to  2800°C. The tem p era tu re  for the 

s ilv e r  analysis was e ith e r 1650°C or ISOO0C. The power d issipa ted  to acquire 

th ese  tem p e ra tu res  was about 2500 to 3000 w atts. The furnace is  powered w ith 

a GE dc a rc  w elder.

The P rocedure

The snow sam ples w ere collected in  p lastic  bags p laced at the various 

collection s ite s . They w ere kept frozen  at a ll tim es until ju s t p rio r  to the
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. ex trac tion  step . The m en collecting the sam ples w ere carefu lly  instructed  how 

to  handle the bags to  avoid any possib ility  of contam ination. Most of the sam ­

p les w ere collected weekly e ith e r by snowmobile or helicopter. The sam ple 

size  varied  from  500 m l of snow up to 4 o r 5 l i te r s .  The method is  as follow s:

1. B reak  up sam ple in  bag and m ix thoroughly.

2. F ill a 400 m l beaker with snow and m elt on a hot p late.

3. Im m ediately a fte r the snow has m elted  add I  m l of .1 N HNOs to 

100 ml of the m elted  snow sam ple (sample is  at pH 3).

4. . Pour the sam ple into a sep ara to ry  funnel and add 5 m l of IO- ^ m

dithizone-C C l4 solution. Shake the funnel vigorously fo r about 

45 seconds.

5. A fter the lay ers  have separa ted , tra n s fe r  a portion of the organic

■ phase to a 5 m l holding bottle. The sam ple may. be s to red  for one 

day in  the bottle in  a re fr ig e ra to r  w ith no appreciable lo sses  of Ag.

6. Using a  100X Eppendorf pipette , evaporate 500X of the organic 

phase onto a g raphite  cup under an in fra -red  lam p. The volume 

of a cup is  about 120X. Duplicate cups fo r each  sam ple are  run.

7. A fter the sam ple is  on the cup, it can be analyzed im m ediately o r 

sev e ra l days la te r . The cups a re  s to red  in a d e ss ica to r. To anal-

ze, the cups a re  screw ed onto a  1 /8  inch graphite  rod  and in serted

r ■
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into the furnace.

The re su lts  a re  rep o rted  as g ram s of A g/m l of m elted  snow. The n o r­

m al concentration range fo r s ilv e r in  snow is  on the o rd e r of IO-11 gm /m l,

(10~® g m /m l = I  ppm).

The Detection System

A p ic tu re  of the instrum enta tion  is  on page 27. The. m ajo r components 

of the system  a re : the fu rnace, a Spex 3 /4  m e te r C zern y -T u rn er Spectrophoto­

m e te r , a P rinceton  Applied R esearch  (PAR) HR8 lock-in  am plifier and light 

chopper, a Honeywell 6 inch re c o rd e r , and the associated  e lec tron ics (Hewlett 

P ackard  and Fluke power supplies, Tektronix  oscilloscope, e t c . ).

The Spex m onochrom ator was se t on the m ost sensitive  of the two s ilv e r 

resonance lines. The line is  at 3280 The photom ultiplier in the Spex is  an 

RCA IP28. The hollow cathode light was chopped at 400 h e rtz , and the PAR 

am plifier was locked-in  on tha t frequency. The signal from  the photom ultiplier 

w as m onitored by the oscilloscope as it went into the PAR.

The re c o rd e r  rec o rd s  the signal, and its  chart speed was se t at 2 m in /in . 

F ig u re  5 shows a typical tra c e .



Figure 8: P ic tu re  of the instrum entation

1. The hollow cathode

2. PAR model B Z -I light chopper

3. The Furnace -  a th ird  generation model

4. Spex 3 /4  m e te r C zerny -T urner spectrophotom eter

5. Honeywell 6 inch reco rd e r

6. Techtronics type RM 503 oscilloscope

7. PAR HR8 lock-in  am plifier



RESULTS AND DISCUSSION

Silver A nalysis

Several possib le  m ethods of sam ple p reparation  fo r s ilv e r  concentrations 

in the p icogram  to nanogram  range have been studied by w orkers  in  our lab o ra ­

tory^2"^ as well as o thers 15 ’ 16\  Some of the m ethods w ere- coprecipitation

of the s ilv e r w ith a c a r r ie r  and subsequent centrifugation into a cup for analysis,
(14)

p reconcen tra tion  of the s ilv e r using an anion-exchange colum n' electrop lating  

the s ilv e r onto a P t o r I r  filam ent fo r em ission  spectroanalysis  in  a RF induced
(2i)

d ischarge , '  J and ex trac tio n  of the s ilv e r into an organic solvent with some 

chelating agent fo r preconcen tration . A fter carefu lly  studying these  m ethods, 

the la tte r  was chosen as the s im p lest, m ost re liab le , and p ra c tic a l method.

Dithizone (diethyIth iocarbazone) was chosen as the b est chelating agent 

fo r s ilv e r because it has a high degree of specificity  fo r s ilv e r  over a  wide pH 

range. The p rim ary  s ilv e r dithizonate, which is  form ed at pH 's below 7, is  

soluble in organic solvents and p rac tica lly  insoluble in xyater. Chloroform  is  

the usual solvent fo r dithizone because m eta l dithizonates a re  m ost soluble in 

chloroform . The s ilv e r concentration  in  ch loroform , how ever, was too high 

(ca. IO-9  gm /m l) fo r it to be used. Several attem pts w ere m ade to  rem ove the 

Ag from  the ch loroform , but none w ere successfu l. Carbon te trach lo rid e  was 

then selec ted  as a solvent, and proved to  be quite free  from  s ilv e r  a fte r being

d is tilled  once.
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The f i r s t  attem pts to ex trac t the s ilv e r involved ex tracting  50 ml of 

m elted snow into 5 m l of IO- ^ M dithizone in carbon te trach lo rid e  and evapora­

ting all 5 m l on a graph ite  cup. The background peaks w ere off scale using th is 

technique. The sam ple s ize  was cut in  half to 25 m l, but the background peaks 

w ere s till  too high. Another problem  encountered with th is technique was high 

blanks due to  the contam ination of the g lassw are . BlanIc peaks ran  between 20% 

and 50% scale  deflection and w ere inconsisten t. The g lassw are  could not be 

com pletely cleaned of s ilv e r. Silver seem s to  slowly leach  out of the g lass over 

a period  of weeks o r m onths. This problem  perta ined  m ostly  to  the separa to ry

funnels. Keeping the funnels filled  with I  IjI HNOg between uses seem ed to de-
'

c re a se  the problem  over a  period of tim e , but did not en tire ly  e lim inate  it.

The two m ethods m entioned above w ere  in  essence putting 50 and 25 m l 

of m elted  snow on the cup. The Ag concentration was too high. An alternative 

m ethod was developed. This, new method not only decreased  the Ag concentra­

tion  to  w ithin the righ t range but also elim inated the blank problem  from  the 

g lassw are , and saved tim e.

The method involved taking a la rg e r  sam ple (100 m l), but only evaporating 

i /1 0  of the ex trac tan t onto a  cup (.5 m l). This technique is  equivalent to evapora­

ting  10 m l of ,m elted snow on a cup while at the sam e tim e  cutting the blank one .. : 

o rd e r of m agnitude. The working range was 3 x l0~12 gm /m l up to about 3 x IO- -̂O
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g m /m l. Some highly seeded sam ples s till went off sca le , but a sm alle r portion

of the ex trac tan t (200X), which was held in  the holding bottle, was evaporated on

another p a ir  of cups and re ru n  im m ediately.

Another problem  encountered in handling sam ples containing such m inute

quantities of s ilv e r is  that of su rface adsorption. S ilver has a tendency to ad-

(22 23)so rb  onto container w alls if the solution is  not properly  trea ted^  ’ . This is

why it  is  n ecessa ry  to acidify the sam ple as quickly as possib le a fte r it has 

m elted . Once the sam ple is  acidified the s ilv e r  w ill stay  in  solution fo r a sho rt 

tim e  (ca. 1 /2  hour). The s ilv e r was always ex tracted  im m ediately  to avoid th is 

problem .

The optimum furnace tem p era tu re  to analyze s ilv e r was determ ined. 

F igu re  9 shows that m axim um  sensitiv ity  is  achieved som ew here between 140CPC 

and 1800°C. Two Ag standard  curves w ere run , one at 1650°C and the o ther at 

ISOO0C fig u re  10). Although the IGSO0C curve is  obviously m ore  sensitive , 

the  ISOO0C curve is  m ore  lin e a r over a w ider concentration range. Both curves 

w ere made by running standard  s ilv e r solutions through the ex traction  proced­

u re .

Some R esults

Over 225 snow sam ples and 4 hail sam ples w ere analyzed using the 

above m entioned method. Nineteen of these  sam ples w ere tr ip lica ted  and sent
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to  two o ther lab o ra to rie s , B ureau of R eclam ation Laboratory  in  Denver, Colo­

rado , and D esert R esearch  Institu te  near Reno, Nevada. In D enver, the sam ­

p les w ere analyzed using a flam e AA boat-technique., The sam ples sent to DRI 

w ere done by W arburton using neutron activation analysis. ' Table II shows som e 

re su lts  of these  m ethods as com pared to  the furnace technique. The re su lts  of 

the sam ples done in  Denver a re  questionable. In m ost cases the sam ples analy­

zed at DRI a re  in good agreem ent w ith the  furnace method. Using the furnace, 

som e sam ples w ere found to  have a 35% s ilv e r gradient from  one end of the 

sam ple to  the o ther. This n ecess ita te s  thorough sam ple m ixing. The t r ip l i ­

cate  sam ples sent to the various m entioned lab o ra to rie s  w ere not the sam e sam ­

ple. They w ere carefu lly  taken from  the sam e location, but w ere not portions 

of the sam e sam ple. These two facts could account fo r some of the varia tion  

between th is  m ethod and tha t done by neutron activation analysis . The boat 

technique is  not even com petitive w ith the o ther m ethods.

Of the sam ples analyzed, 22 w ere unsatisfac to ry  (i. e . , the duplicates 

w ere quite d ifferent). These sam ples w ere reanalyzed. Some of the re su lts  a re  

shown on tab le  III. The tags w ere changed to insu re  honesty on the p a rt of the 

chem ist. Every one of the reanalyzed  sam ples w ere e ith e r a lm ost equal to  one 

of the o ther two e a r l ie r  re su lts  o r fell betw een the two e a r l ie r  re su lts .
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TABLE II: C om parison of FAA with o ther A nalytical Methods

• (resu lts  in g m /m lx lO - "*;0 of Ag)

Snow Sample boat AA (Salman) NAA (Warburton) FAA (Culver)

301 3.7 0.6 0.5

302 2.4 0.4. 0.3

303 1.5 0.9 0.7

.304 1.0 '' 0.8 0.6

305 13.0 0.3 0.3

307 lo st 0.2 0.8

308 0.6 0.2 0.5

309 3.8 1.7 0.8

310 lost 0.3 0.7

311 1.4 . lost 0.1

312 lost 0.2 0.5

313 0.6 0.1 0.5

314 1.4 0.5 0.6

315 0.7 0.2 0.5

316 11.0 24.8 2.6

317 20 .0 27.9 4.2

■ 318 0,6 0.1 0.1
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TABLE IIL C om parison of Some Sam ples Analyzed on D ifferent Days

(resu lts  in  g m /m lx lO "^ ^  of Ag)

Sample Analyses

#1 date #2 date #3 date

105 0.17 2 /19 /71 0.53 6/24/71 *0.44 7/13/71

106 0.46 2 /17 /71 0.70 6/29/71 *0.63 7/13/71

108 0.81 5/22/71 0.46 6/23/71 0.56 7/13/71

109 0.23 2 /19 /71 0.61 6/24/71 0.20 7 /13 /71

111 0.29 2 /20 /71 0.57 6/24/71 0.52 7/13/71

116 1.10 6/24/71 0.90 7/13/71

120 0.32 6/24/71 0.45 7/13/71

^ re su lts  a re  the average of tr ip lica te  determ inations

F our frozen  hail sam ples taken  in  conjunction with the N ortheast Colo­

rado  Hail Experim ent (NECHE) w ere analyzed fo r background s ilv e r  concen­

tra tio n . The re su lts  a re  lis ted  in tab le  IV. The s ilv e r background in hail 

appears to  be one to  two o rd e rs  of magnitude higher than that of the snow, and 

v a rie s  so m uch that not m uch useful inform ation could be obtained by analyzing 

hail fo r s ilv e r. S ilver iodide is  used by m eteoro log ists fo r hail suppression  

w ork. The reaso n  fo r the high background could be because hail s to rm s are
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generally  quite turbulent and dust could easily  contam inate the sam ples even 

though they a re  taken 30 feet above the ground. Most soil contains about .1 ppm 

of s ilv e r  ̂ 24\

TABLE IV: S ilver in Hail Samples

Sample Date Taken Silver C oncentration

I July 9, 1971 22 x  IO-11 gm /m l

2 July 9, 1971 16 x IO- ^  gm /m l

3 June 30, 1971 7x10""H  gm /m l

4 June 21, 1971 11x10""H  g m /m l

Note: Sam ples I  and 2 w ere  taken  during the sam e 
s to rm .



CONCLUSIONS

These investigations w ere undertaken to determ ine if:

1. P o la rized  light could be effectively used fo r a background 

co rrec tio n  technique using double beam  spectropho tom eters .

2. A p ra c tica l, re liab le , and inexpensive method fo r the s ilv e r 

■ analysis of snow could be developed.

The re su lts  show that po larized  light can be used as a background c o r­

re c to r . Com paring a continuous background source of an elem ental o r hollow 

cathode source has been an effective way of rem oving the re la tiv e  effects of 

extraneous light absorption an d /o r sca tte ring . The po larized  light technique 

proved to  be a potentially useful extension of the method.

The method developed fo r analyzing s ilv e r in the p icogram  range proved 

not only to be p rac tica l, re liab le , and inexpensive, but it is  a lso  fast and sim ple. 

This m ethod is  cu rren tly  the best m ethod fo r s ilv e r analysis in  snow, hail, or 

w a ter fo r concentrations below the nanogram /m l range.



NEED FOR FURTHER WORK

As was mentioned in the introduction, furnace atom ic absorption is  one 

of the m ost prom ising  analytical tools fo r tra c e  and m ic ro trace  m etal analysis 

at the p re sen t tim e.

In m edicine: It is  conceivable to be able to do 50 quantitative 

e lem ental analyses on I  ml of whole blood. It is  known 

that m any tra c e  m eta ls  are  instrum enta l in  the  cause or 

p revention  of many hum an ailm ents.

In geochem istry : Ore deposits could be located by carefully  

analyzing ground w ater.

In w eather m odification: A nalysis of elem ents in s to rm s for 

possib le  control over h u rrican es, hail o r  draught.
\

In pollution control: M onitoring tra c e  elem ents in  the a ir ,  w ater, 

anim al and vegetable tis su e .

With the sensitiv ity  capability tha t the furnace has, m any problem s can 

be overcom e by m ere ly  going around them  as was done with the Ag in snow 

method. The furnace offers an inexpensive alternative to neutron activation 

analysis , while at the sam e tim e being sim ple if p roper p recau tions a re  taken 

w ith reagen ts and handling technique.
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