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ABSTRACT. 

The interference effects caused by a number of mntrices 

includ:u1,:5 compounds such as NaCl, HCl, I<Br, mro
3

, rr
3

R\_, H2so
4 

on 

Cu, Pb, Cd and .Al atomic absorption sii;nn ls when the elements are 

ntomized from three non-flame ti;rnphi t e atomizers (fur nac·e, cup .'.'Ind 

rod) arc studiec. over severnl concentrat ion r rmc;e~. Investicn tioT'!s 

show that most of the interferences found occur i n the vapour phase. 

A comprehensive literature survey has been done and from this survey 

and the experimental work carried out, discussions are presented on 

the postulated mechanisms of interfereroe. 

given for the vapour phase interference, 

Two main theories are 

i) entrapment of the atom in the matrix particle forming 

in the vapour, 

ii) rapid molecular condensation in the vapour phase. 

Several degrees of interference (both enhancement and depression) 

were obtained for the different chemical and atomization systems used. 

Attempts were made at rationalizing the degree and type of interference 

in terms of the postulated models. Supporting evidence for the atom 

entrapment theory was gained from an investieation of the nature of 

the non-atomic absorption peak obtained mainly when alkali halides 

are present in the sample. Evidence is produced showing that the 

absorption spectra obtained from alkali halides here and by other 

workers are charge-transfer s pectra. 



An i nvesti gation into the use of a graphit e atomizer for 

zinc analysis in bovine serum is presented and compared to 

determinations using flame at omic absorption on the same samples. 

iii. 



TABLE . m,, CONTENTS. 

ACKNOrlLEDGEMENTS 

ABSTRACT 

TABLE OF CONTENTS 

LIS'l.1 0£ FI C',l.P..i:3 

L Il?l'RODUCTION 

.. . . . 

. . . 

1. General Introduction 

a) Historicn l 

b) Instrumentotion 

c) Theoretical 

. . . 

. . . 

. . . 

... 

... 

2 . Develop:nent of Flnoeless A,A . S. 

3. Interferences in A.A. S •••• 

. . . 

. . . 

. .. 

a) Interferences in Flame 1\bsorption Cells. 

b) I nterference s in Flamelesn Atomizers . 

4. Objects of the prenent work. 

II. EXPERIMENTAL PROCEDURES AND APPAP..ATUS 

1. Instrumentation • • • ••• 

a) Atomic absorption ••• 

b) Flame Photometry . . . • • • 

c) El ectrochemistry . . . • • • 

2 . Electrode Types • • • ... 
a) Roo. ••• . . . 
b) Tube Furnace ••• • •• 
c) Cup . . . ... 

... 
• •• 

... 

... 

... 

. .. 

... 

. .. 

••• 

... 
••• 

... 
• •• 

• •• 

. .. 

i 

ii 

iv 

vii 

1 

1 

2 

2 

3 

8 

-9 

18 

38 

40 

40 

42 

42 

43 

43 

43 

44 

iv 



III. 

TABLE OF CO:NTEJ'.;TS . 

3. Analytica l Reagents. 

4-. Experimental Procedure ... 
5. Recording a nd Treatment of Data. 

RESULTS AND DISCUSSION . 

i) Copper 
1. ~thetic So1utions. 

A. TI.esul t s. 

a . Effect of some Alkali Halides on Copper 

b. Effect of Added Anions on Copper • 

c. Combined effec t of NaCl and tt
3

H\_ 
on Cu absorption sit;nals using the 

three electrodes ... 
d . Double Cavit y I nterference Experiments 

B. Discussion. ... 
ii) Lead . . . ... 

A. Results. 

. .. 

... 

... 

44 

45 

46 

48 
48 

48 

49 

51 

53 

• • • 53 

• • • 56 

• • • 58 

• • • 66 

• • • 66 

<' • Effect of added acids (2m) on Pb signa ls •• • 67 

b . Effect of NaCl and H
3

P0
4

. 

c. Double Cavity Interference Experiments . 

B. Discussion. 

iii) Cadmium. 

A. Results 

Effects of Hi'(\ and HaCl on Cd sioia ls 

B. Discussion. 

67 

69 

71 

73 

73 

• • • 73 

• · • 75 

v, 



vi. 

TABLE 01" CONTENTS . 

iv) Allm1init.UIJ·. . . . . . . . .. 76 

A. Results. . . . . . . . .. 76 

Effec t of 1':aCl and H FD 3 /;_ on Al nbsorpt i on sicro J.s. 76 

B. Discussion. . . . . . . . .. 79 

v) f'_ nalysis of Residua l Elements on the rod after ashi ng . 80 

A. Results. . .. 80 

IraC l ... 83 

CuC12 ... 83 

PbC12 ... 83 

A1Cl 3 . . . . . . ... 84-

D. Discussion. . . . . .. ~ 

vi) Investigation of the lfotur e of the non- c:.to1:1ic 

c.bsor pti on pe.:k . ... 86 

./\,. Re sults • . . . . .. 87 

B. Discussion. . . . . . . . .. 93 

2. Real Solutions . ••• 97 

A. Results . . . . .. . .. 97 

B. Di scussion. . . . . .. ... 99 

rv. CONCLUSIOTTS . . . . . .. ... 100 

REFERR[TCES ... . .. 102 

AP?EITDIX I . . . ... 109 



FIG. II. 1. 

FIG. II. 2a . 

Ji'IG. II. 2b. 

FIG. II. 2c . 

Copper. 

FIG . III . 1-1. 

PIG. III. 1- 2 

FIG. III. 1-3. 

Fig . III. 1-4. 

Fig . III . 1-5 . 

Fig . III. 1- Ga . 

Fig. III. 1-6b. 

Fig . III. 1-7a. 

Fig. III. 1 - 7b. 

View of the v,orkhead of the Var i an Techtron 
Carbon Rod Atomize r UocJ.el GP.A 63 

Sketch of the rod at omizer. 

Sketch of the furnac e a tomizer . 

Sketch of the cup atomizer. 

Ashing voltage deter mi m tion curve 

Series of analytica l curves of Cu at 
various a t omize voltages 

The eff'ect of various anions and 
correspondu1g ca tions 1,000 ppm 
concentrat ion on copper ,molytical 
c urves on the CM. 

... 

. . . 
Effect of NaCl and KBr on Cu (2 .5 pp:n) 
on the rod, f urnace and c up . 

Peak profile~ of copp~r 

'l'he effect of Hl~) on Cu on the ro:3. 
and furnace . 4 

••• 

. . . 

The combined effec t of H P0
1 

and NaC l 
on Cu signals on the furflac ~, cu p aml rod . 

The effect of interferents on Cu signals 
using separa te cavities i n t h e rod. . .• 

The effect of interferents on Cu sit i1E.i ls 
when mixing of the two species is for a 
limited tine. 

Fi g . III. 1-7c . The effect of interferen ts o n Cu sienal s 
usu-ig separate cavities i n the furnac e •• 

vii . 

p. p . 41/42 

p . p . 43/44-

p. p . 43/44-

p . p . l¼-3/44-

p . p . 49/50 

P•P• 

p . p • 50/51 

p . p . 50/51 

p. p • 51/52 

p . p. 54/55 

p.p . 54./55 

p. ::,. 57/58 

p.p. 57/58 

p . p . 57/58 



viii. 

LIST OF FIGURES . 

FIG . III . 1 -8a • Analytical curves of Pb in H
2
o at sever a l 

atomization volta80S on the rod. • •• p . p . 66/67 

FIG. III. 1 - Sb . 

FIG . III. 1-9 . 

Fig. III . ·1 - 1 O. 

Fig. III. 1 -1 ·1 • 

Cadmium . 

J\.nalytic?. l curves of Pb in 2U }IN0
3 

a t 
several a tomization vol t aces on 
t:10 r cxl . 

Annlytical curves of Pb at low 
concentrat i ons in 2t! HCl nml IIIfo_ 
obtained n i th the furnace J 

Double ca vity experiuents with 
with Pb in the furnace £-nd .on the 
rod. 

Peak p:i.•ofile s f or Pb . . . . • •• 

Fig . III. 1- 1 2a . i.shi1~ volta~e cu1·ve for Cc1 . 

. .. 

... 

. .. 

. .. 

. .. 
Fig. III. 1 - ·1 2'u • Effect of i'ToC l and ILPO on Cc1. £",bsor ption 

s i[;nnls rtith lhe f tU'riac~, r od nrd cup. . .. 

Fig. III. 1 -1 3 . Penk r,rofiles for ea. 

R:esi dual A_nalyses . 

Fig. III. 1- 148 . Standar d curve for Cl- analysis . 

Fig . 

Fig. 

III. 1- 14b. Cation Gr aphs for the Na, Cu, Pb e.ncl AL 

III . 1-14c . Cl residues from CuC1 2, PbC 12 , AlC1
3

, 
NaCl. 

Fie. III. 1 - 1 5 • NaC l . ashing voltage and time 

Fig. III. 1-16. 

Fie. III . 1-17a . 

Fig . III. 1-17b. 

determinati on curves. 

The molecular absorption peaks of KBr and 
NaCl a s a function of concentration. 

I'IaCl molecular absorption wavelength 
dependence curve us ins the furnace , cup 
am rod a t or.tlzers. 

KBr molecula r absorption wavelength 
de pendence curve usi~ the ftu1 nac e , cup 
and r od etomizer s . 

. .. 

... 

. .. 

p . p . 66/67 

p. p. 67/68 

p. p . 69/70 

p. p. 71/72 

p. p . 74/75 

;:, . p . 711--/75 

p . p . 75/76 

p.p. 8?./83 

p. p . 82/83 

p. p. 82/83 

p . p . 87/88 

p. p . 88/89 

p. p . 89/90 

p . p . 89/90 



Pig. IJI. 1-18. 

PiG . III. 1 - 1 5. 

Fig . I II. 1- 20. 

Zinc .\mlysis . 

:r'ie. III. 2-1 a . 

III 2- ·lb . 

~J;S.T OF FI GURES . 

Comparison of NaCl molecu l nr nbsor ption 
vraveJ.ength dependenc e curve obtni ned in 
this nor]-: with that obtcinod. by 

ix. 

Eoirtyohnnn and Pickett an:1 f.luller. • •• p. p . 91/92 

Comparison of KBr molc,cula r absorption 
·:r.::w el ength dependence curve obt .'."!ined in 
t his rrork with tlw t obtoincLl by 
Koirt;yorw.nn and Pic kett awl t iille1• . • •• p . p . 91/92 

i'fovel ength dependenc e curve of the 
' scotter ec1 1 rc:.d:iotion c:.nwed by the 
atomi zation of' a 1 O, OOO ppm lbCl solution •• p . p . 93/94 

Annlytice l curve of zinc 011 c~rbon rod 
nton:izer. 

.'\.112 lytica l c urve of zinc by fJ .'.:!rr.e 
:!tor.:i c nbsorption. 

• •• p. p~ 97/98 

p.p. 97/98 




