55

ANALYTICAL LETTERS, 5(7), b33-438 (1972}

-

ELECTRODEPOSITION TECHNIQUES FOR CARBON ROD
FLAMELESS ATOMIC AEBSORPTION ANALYSIS
KEY WORDS: atomic absorption spectrometry, controlled potential electrolysis,

carben rod atomizer

Charles Fairless and Allen J. Bard
Depa{tment of Chemistry
The University of Texas at Austin
Austin, Texas TBT1Z2
ABSTRACT :
Two technigques inwvolving ele¢tfndepﬂﬁiticn of Cu on a carbon rod (CR)

prior to atomic absorption (AA) analysis are described. The in situ technique
involves electrodeposition from pl samples contained in the well of the CR
in an attempt to decrease matrix effects. The bulk electrolysis technique
allows preconcentration of Cu on the CR from wery dilute metal ion solutions.

9 (70 ml volume) appears

Anzlysis of Cu in solutions as dilute as 1.6 x 107
possible.
INTRODUCTION:

Atomic absorption (AA) analysis using a carbon rod atomizer (CRA) has been
widely employed for metal analysis in small selution volumes,® In the con-
venticnal technigue & small (1-100 ul) sample is injected inte the weil of
a carbeon rod, pretrested with xylene to prevent absorptiom into the carton,
and then subjected to a heating eyecle which evaporates the solvent and
ultimately vaporizes the metal salts. This approach may suffer from marrix
ef:‘e:ts2 and the need for chemical pretreatment of the sample,a poor Terro-
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ducibility,” and the need for extremely small sample volumes. In 1863

5 z = i i
Brandenberger suggested the electroplating of metals onteo a wire spiral
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followed by electrical heating for metsl vaporization and AA analysis, This
technigue has not been widely used, however, nor has it been extended to
carbon rod technigues.

¥We report here preliminary experiments utilizing electrodeposition on
a carbon rod as a prel&minary step to the AA analysis of copper. Two

different electrelysis technigues were employed. In the in situ technique

electrodeposition from microsamples directly in the well of the carbon rod
was attempted with the hope of decreasing matrix effects and improving
reproducibility. Im the bulk electrolysis technigue the carbon rod was
immereed in a larger volume of sample sclution (ca 100 ml) and long Term
controlled potential electrolysis was employed to preconcentrate the metal
from very dilute solu%ions prior to AA analysis.

EXPERIMENTAL:

The AA unit consisted of a Beckman Model DU spectrophotometer in con-

junction with a Model 1300 AA accessory and & copper hollow cathode lamp.

The CRA was constructed of an aluminum block to hold the CR while argon

gas was passed over the assembly throughqthe Af Tlame pgas ports. Fower to

the CR came from a Miller 7.2 kw arc welder power supply. The AA spectrometer
signal was recorded with time during the heating eyecle with a Sargent SR
recorder. Electrodepositions were carried out with a Wenking 61 RH potentio-
stat.

Reagent grade chemicals were employed for 2ll solutions. The water was
deionized and then distilled twice in a Pyrex apparatus,

The in situ electrolysis was parformed with the electrode arrangemant shown
in Fig. 1. The well of the CR served as the solution centainer and the CR
was the working electrede. A platinum wire auxiliary electrode and a
saturated calomel electrodes (S.C.E.) with a fine capillary salt bridge were

also employed. This cell and electrode assembly was positioned in the usual
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Fig., 1 In sity electrodeposition apparatus

CR loczticn in the 4A CRA. #hout B ul of p-xylene were added to the CR

well to prevent the test solution frem seaking inte the rod. Then 3-5 il

z i b -5 =11 2
of test solutiom, containing 5. 8 x 10 ~ moles to 5. 8 x 10 moles of Cul(II)

were added and electrolytic plating of Cu carried out for a 15 sec to 2 min

duration, The auxiliary electrode and the 5.C.E. vere lifteﬂ away, the test
sclution was removed with 2 pipet and the Cu deposi? on the CR washed with
gbout 25 ul of water. Conventional AR apalyeis followed,
Bulk electrolysis wos carried out in a conventional manmer using the
apparatus shown in Fig, 2. The CR was held in a precision drilled Teflon
holder szo that only the CR well was exposed to the test solution for

electrodeposition. As in in situ =nalysis, p-xylene was injected into the

CR well to prevent solution soaking. Eleetrodeposition of Cu from the seolutiem
ml was carried out atr a porential of 0,18 V. ws5. 5.C.E. for

35-60 min. The rod was removed from the solution following electrodepssition,
rinzed with water, and positicned in the CRA asserbly.

o DETWEEN IWC
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Fig. 2 (a) Detail of Teflon cerbon rod holder
(b) Bulk electrolysis apparatus

the CR was manually ramped from 0 to 90 A, held for 3 sec to vaporize the
p-xylene and then ramped to 125-135 A and held for 2 sec while the A& signsl
was recorded. The peak height of the recgrded signal was used as a

measure of the amount of Cu.

RESULTS ANI DISCUSSION

Typical results for CRA apalysis of a solution containing 1.15 x el M
Cu(Il) are shown in Table I, Compared in this table are experiments in which
1.0 yl of sclution was injected directly into the CR cavity and subject to

the usual CRA AA procedure (listed as the "direct method"), experiment

nts in
which 5.0 ul of sample were injected into the cavity and subjected to the
in situ electrodeposition procedure for 60 sec before Af analysis, and

experiments in which the bulk electrolysis technique precedsd A& analysis.

¥

In the bulk electrolysis experiments 1.0 yl of =ample was introduced into =2

solution prepared from 68 ml of water and 2 ml concentrared sulfuric acid

: - : i £ it 3] e - ]
rezulting in a3 solution containing l.64% = 10 M Culii); the electrolysis
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Table I. Comparisen of Results of Electrodeposition Technigques

With Conventional Carbon Rod Atomizer Atomic Abserption

Analysis
Mathod Direct’ In Siru Bulk
; Electroly=i= Electrelys=i=s
Run Eignal Signal Signal
Level Level Level
L 5.5 35 s Bk
g 6.0 0,32 5.6
3 Sk 0.3z 6.4
L £.0 0. 34 e
AVE. 5,8 Q.32 6.0
Relo Std.
Dev, 5.3% 4,0% 6.2%

times employed were about 50 min and depositiem of the Cu in seluticn was
essentially complete in this time.
The results of these preliminary experiments suggest that electrodepcosition

techniques coupled with AA analysis may be useful in decreasing matrix effects
2 and carrying out analyses of very dilute selutions, The in situ technigue with
: short electrodeposition times can be used in separating Cu from an aguecus

solution and eliminating matrix interferences. Howewver, only about a tenth

of the total Cu in the sample is plated in this techrique. This necessarily

limits the technique to samples with higher Cu concentrations where separaticn

of the metal or liminatien of matrix effects is of primary importance.

There is cbvicusly ne improvement in absolute senstivity. The meximum
le solution volume is restricted by the CR well capacity ta abeut 19 pl
minimum velume of about 3 pl required for electrode contact.
petential bulk elelirolysis for preconcentration couplad

PA does afford the capebility of expanding the allowable selurion

with C
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volume in which the metal i= contained to the 100 ml to liter range. &1-
though this technigue does not increase the CRA absolute sensitivity (in
terms of u moles of Cu reguired per AA experiment), it does expand the
useful sample concentration range some IDE-fDld, Froviding an adeguare
sample volume is available for analysis, This technique would be especially
useful for the analysis of natural waters or industrial waste streams for
trace metals.

Experiments are continuing on extensicns of this technique to other
metals, to an investigation of the extent of elimination of matrix effects
in real samples, and to modifications and improvements in the electro-

depesition technigues.
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