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. Abstract. Improvements in the cold vapor technique are described
chich can be casily adopted with available atomic absorption instru-
tation. The use of a continuous {low reduction vessel considerably
ens analysis time while the use of long path length ahsorption
of small volume greatly increases gensitivity. Detection limiis for
crent sample volumes and absorption cells are given,

. INTRODUCTION

N8 g

': The cold vapor atomic absorption technique has become widely
copted as the method of choice for the analysis of trace amounts of
[1]. Most workers have carried out the reduction process in gas
ing bottles or flasks of various kinds, using standard 10-cm absorp-
cells. However, the work of Gilbert and Hume [2] has demonstrated
advantages of using a reduction vessel with officient aeration and
dead volume. Hawley and Ingle [3] using 2 continuous flow
jon vessel and instraumentation of their own design, obtained
' high sensitivity by employing extremely long absorption cells of
pall internal diameter.

_‘ Tt is the aim of the present study to show how significant improves
ents in the cold vapor technique, with regard to sensitivity and analysis
, can be achieved with, available atomic absorption instrumentation
h¢ use of long path length absorption cells and changes in the
of the reduction vessel.

1. EXPERIMENTAL
ratus

A Perkin-Elmer Model 305B atomie absorption spectrophotometer
uipped with a Model 56 recorder was ased in the first phase of the
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radiation sourse was & Perkin-Elmer Intensitron hollow
operated at the recommended current. The instrument
fied so that the auxiliary air inlet to the burner could be used
supply. The flow rates were calibrated with a bubble-type

he latter phase of the work a Varian Model AA-6 atomic ab-
_ spectrophotometer, equipped with a Varian Model A-25
. was used. A Varian mercury hollow cathode lamp was the
n source. The air was controlled by the nitrogen flow meter of
n Model 63 carbon rod atomizer. For absorption cells of small
with a small hole cut in it was placed between the hollow
d the cell.

sorption cell was mounted directly on top of the standard
e burner head. Cells of internal diameter ranging from
m and lengths from 10 to 38 cm were evaluated. The dimensi-
cells are given in Table L.

of reduction vessel used has been described elsewhere [4].
sent study, a three-way stopcock was used to connect the
vessel to the air supply and to a vacuum flask. Reduction
rying dimensions were evaluated. The dimensions of these
given in Table II.

bottom of the reduction vessel is connected to a membrane
- assembled from the inlet part of a 25-mm syringe {ilter
pan no. 4320) and the outlet section of a 25-mm open filter
nan no. 1107). This combination filter holder is used without
sed filter. ‘

reagents used were of reagent grade quality. A 100 mg/liter
on of mercury contained 0.0677 gram of HgCl1, and 25 ml of
d HNO, in a final volume of 500 ml. Dilutions of the stock
vere used to prepare working standards.

are were rinsed first with 2 %, KMnO, then with concentrated
avoid contamination. ‘

ducing agent was a 1 9, solution of SnC1, in 1 %, HNO, It
d vigorously for at least 30 minutes before use to remove
es of mercury.

(1)
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ysis Procedure

b the three-way stopcock in the aerate position to allow air
ntinuously pass through the system (0.4 - 1.3 litres/minute depend-
n the sample volume), a small amount of reducing agent (usually
1) is added to the reduction vesscl and the recorder zeroed. Sample
ard is added and the peak height recorded. The stopeock is
med to the flush position to evacuate the system. A couple of
s are used between samples. Turning the stopeock to the
¢ position readies the system for the next analysis.

M
y I1I. RESULTS AND DISCUSSION
 of Absorption Cell Dimensions

4

o

obvious that for maximum sensitivily, the absorption coll
d contain the highest effective concentration of mercury vapor.
theless, it was not gencrally realized until the work of Hawley
igle [3] that the sensitivity of the cold vapor technique could be
ved substantially by increasing the path length of the absorption
ile at the same time reducing the internal diameter. In Table 111
Jative peak heights obtained with 50 ng mercury in a 1-ml sample
e are given for all cells evaluated in this study. For comparison
oses the peak height of the standard 10-cm cell ig arbitrarily assigned
of 1.

 Fig. 1 the peak hoight obtained with 50 ng of mercury is plotted
it cell volume for absorption cclls of various 1.D.’s. As expected
ymbination of long path length and small volume results in ma-
n sensitivity. It is interesting that the peak height increases up
paximum and then decrcases. Thus there is no advaniage to be
by increasing the path length beyond a certain value for each
.- sarticular I.DD. However, the maximum will be shifted to longer
ngths with decreasing I.D. The effect of cell volume is also seen
. 2 where the peak height and volume are plotted against the
al diameter for cells of approximately the same length.

pugh long path length absorption cells of small LD. give the
- gensitivity, the maximum length of cell which can be used is
ined by the dimensions of the sampling compartment of the
'3 being used. For example, the maximum length of cell which

Y

(I5)




. GERALD J. RAMELOW AND TURGUY i. BALKAS [April

with the Perkin-Elmer Model 305B is about 25.5 em while
6 can incorporate a cell up to about 38 cm.

uction Vessel

: o reduction vessel described in this work which operates

nuous air flow considerably shortens the time required for

ont since the contents of the vessel are removed rapidly

uum between analyses. Depending on the flow rate and

me, analysis times as short as one minute can be achieved.

, very small sample volumes can be measured.

s of the vessel is also of importance because the dead volume .
ghould be kept to a minimum. The choice of reduction

be mainly determined by sample volume. Close attention

paid to matching the sample volume to the volume of the

sel otherwise dilution of the mercury vapor will result.

tions in the vessel volume will cause little change in the
; because the volume of the mercury plug will be much
| the volume of the cell. This is evident from Fig. 1 where
le volumes were used throughout. In the present work for a
le volume, reduction vessel 2 was found to be best.

v Rate

gure 3 the peak height and half-width are plotted versus
“The volume of the mercury plug can be estimated from twice
width in ml at the optimum flow rate. With absorption cell
0 and reduction vessel 3, the volume of the plug was found to
. As pointed out by Hawley and Ingle [3]. if the volume of the
auch greater than the volume of the absorption cell, the volume
ll should have little effect on the half-width of the absorption
his was observed in the present study.
Limit

toction limits calculated for different sample volumes using
tion cells 10 and 17 are given in Table 1V. Thsese are not the
tainable values since a rather high flow rate was used to reduce
lysis time. It is apparent that the minimal concentration which
r od decreases with increasing sample volume, the improve-
om 1 to 5 ml being particularly striking. Secondly, the consider-
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nent resulting from the use of longer cells of small volume
:’*onld be noted, however, that the noise level increases
" eases. Thus, the usefulness of scale expansion is reduced.
rs [3] have pointed out the advantages of a more intense
liation such as the mercury pen lamp when working with

). cells.
TABLE 1
Dimensions of Absorption Cells
Length (em) 1. D. (¢m) Volume (cm?)
10.0 1.80 95.5
10.0 1.34 14.1
17.2 ” 24.3
21.4 » 30.2
ks 23.6 ” 33.3
25.3 i ’ 35.7
9.9 0.98 T8
17.0 2 12.8
22.1 e 16.7
24.1 d 18.2
24.8 24 ) 18.8
23.6 0.83 12.8
23.3 0.72 9.5
23.6 0.58 6.2
23.6 .47 4.1
28.0 o 4.9
32.2 td 5.6
37.0 i 6.4
37.9 0.40 4.8
TABLE II
i Dimensions of Reduction Vessels
no. Length (cm) 1. D. (em) Volume (cm®)

: 10.0 1.0 7.9
10.3 1.4 15.9
11.0 1.6 20.8
12.2 2.0 36.4
16.0 2.4 72.4
20.0 2.1 114.5
31.0 4.1 409.3

(17)
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; e TABLE I
Relative Sensitivity of Absorption Cells

N Relative peak height
~ Cell no. (50 ng He)

v
1 1.00 (arbitrary)
2 1.08
3 1.86
4 2.15
) 2.64
6 2.38
1 1.29
8 1.68
. 2.90
10 3.03
£ 11 2.92
12 3.41
13 3.86
14 —
15 4.0Y
16 4,40
17 5.64
18 6.30
19 = 6.50
TABLE 1V
Detection Limits®
Cell 100 Cell 17¢
me (m1) ng pg/l ng ug/l
0.09 0.09 0.03 0.03
0.16 0.03 e -
0.25 0.02 — —
0.48 0.02 — —

ed as the amount or concentration which gives a signal equal
jice the standard deviation of a series of ten determinations

blank level.
Jer expansion used.
sion used.
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Fig. 2 Relationship between cell volume and peak height.
(@) peak height; (88) cell volume.
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OZET

SOGUK BUHAR TEKNIGINDE BAZI GELI$MELER
¢ Soguk huhar tekniginde, laboratuvarlarimizdaki meveut atomik absorpsiyon
' gihamm kullanmak sureti ile yaplan bhazn geligmeler tarif edilmigtir. Siirekli hava
akim gegen bir indirgenme kiveti kullamlmas: analiz zamamin Guemli derceede kisalt-
ms: uzan boylu, kicik hacimli absorpsiyon kiiveti kullaniimas ise duyarhig hiiyitk
de arttrmstie. Bu galymada kullantlan defigik numune hacimleri ve absorpsiyon

eri igin tayin suurlar verilmigtir.
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