

























































































































































































(1i) Procedure

To obtain the time-intensity curves, standa
pixtures contuining all the elements of interest we
arced under ceach of thce sclected conditions. The
emissions during sulitable fractions of the total ar
time werc recorded consccutively in different posit
on the photographic plate, the spectrograph shutter
closed for five seconds each tira while the plate w
moved to a ncw position. The densities of the rec
spectrum lincs were wcasured and the corresponding
intensity valucs (rclative to 70% transwicsion) cal
These values werc then plotted as the mean relative

intensity for each fraction of the arcing period.

Results
The results of this investigetion are shown 1n
Figures 18-26.

Condition (i} (Firure 18) 10 amps d.c. arc, 25% lithium

carbonate in buffer mixture, 9 mn. arc gap.

This was the source condition used in the prelimin-
cry work. It cen be seen from the time-intensity curves
that the volutile elewents such as Pb and Zn tend to be
volatilised during the early purt of the burn under these
conditions and that the involatile elewmecnts such as Ti,

Mo and V, after being fairly strongly excited initially,
show low line intensity in the wuiddle of the arcing period

and enilt agaln very strongly during the lattur part of it.

Condition (ii) (Figure 19). 10 umps d.c. arc, 42% lithium

carbon. te, 9 mi. «re ap.

This condition was investig-.ted in the hope that
the extra lithiuwm carbonate would have a greater buffering
effect on arc temperature and hence produce greoter
constancy of volatilisation. The curves show, however,
tuat only a slight iuprovement over condition (i) weas
obtained as fuor as constancy of volatilisation was concerned,
viidle the general intensity level was reduced (hence the

lonzer cxposure p.riods).

Condition (iii) (Fi:ure 20). 5 amps d.c. arc, 25% lithium

carbonete.

1t wies to be expected that a lower arc current
would mean lower arc temperatures and hence more constant
vol=tilisation, particularly for the wore volatile eleuents.

This is born out by the curves obtained for this source
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internal standards, the former for <inc and lead and the
latter for the other elesents. The main renson for the
selecticn of these two clements was the f-ct that they both
fore chlorofor.: scluble dithizonates and can thersfore be
present in the chlorofora cxtract of the trice elements
befoure 1t is evapourated. Cadmium wrs added to the scmple
s.lution bcfore extraction and silver was added to the
extract in the fura ¢f :n wliquot of a standard silver

dithizunate solution.

Silver heas the dv nt:ze, ¢s5 interncl standard, of
h. ving only twe strong spectrum lines in the spectral regicn
used cnd Jherefure is unlikely to interf.rewith any of the
analysis lines. As cin be seen from Table XII, the
excitation petential of cach of the useful silver lines
is sufficiently sinil:r to thosc ¢f the analysis elcewents

to make 1t a sulitable internal standard.

Silver does hiwve the disadvantaze s an internal
stondard thet its cvncentreticn in biclogical uaterials
way £t times be hign enough te interfere with the deterwina-
tiun. Initielly the co-extraction of silver witn the
other dithizonutes was net expected in view of the high
cuoncentraticns of chloride nd assicnia prescnt. The
investizntion of silver dithizon. te extraction described
in Chapter II showced, houvever, that souec co—extracticn
could be expected. The concentretion of silver in nost
plent moteri-ls is extrewely low . (.05 p.p.w.) ond it
was rot found necessiry to reacve it from zny of the
standard ssaples analysed. Where the rewacval of silver
is thouzht tc be necess.ry, howuver, this could be casily
acccuplished by an initial dithizone extraction ot pH3 in
the presence or woscnce of citrate, a separation which
would be made in any ci: se 1f coupper were tc be deter..ined
as part of the snelysis schoeme.

The spectrun lines selocted for the analysis are
listed in Table XIII below. These ~re largely the s:ione
as these listaed by Mitchell(43), but wsvelonrths much
above 3400 were aveided (Co 340% and not 3453) -s the
background due to cyancgen bands w.s feound tc increrse

rapidly with wavelength zbove this.































































Nickel. 1000 ppm. Preparcd from =analytical grade
nickel chloride.

Lead. 100 ppm. Prepar:d from "Specpure"” lead
nitrate.
Titanium. 100 ppm. Prepared from analytical grade

potassium titanium oxalate.
Vanadium. 500 ppm. Prepared by dissolving "Specpure!
vanadium oxide in dilutec sodium
hydroxide, the solution being
made slirhtly acid by addition
of dilute hydrochloric =acid.

Molybdenum. 100 ppw. #io0x dissolved in dilute sodium
hydroxide and solution made
slightly acid with dilute HCL.

Porticns of these solutions were mixed and suitably
diluted Jjuct before running a series of standards to give
a solution containing 10 ppm. 4n, 0.2 ppui. Co, 2 ppm. Hi,
1 ppm. Po, 0.5 ppm. Mo, 10 ppm. Ti, 0.5 ppm. V. Suitable
volumes of the latter sclution were then trecated in the

same way as the sample solution.

Internal Standards Solutions.

Cadmium. 20 ppm. prepared by diluting a 500 ppui.
solution preparzsd from "Specpure” codmium
sulpnate.

Silver. 1 ppm. in Chloroform:

A 20 ppm. solution was prepared from"Specpure®
Silver nitrat:. 5 ml. ot this solution was dilut.d,
acidiflied slightly with sulphuric wcid and cextrected
with dithizone. The c¢xtract wis diluted to 100 ml.

{(c) Proc-.dure

(i) Semple Solution

Welgh 5 grawms of dried and powdcred plant

material into & silica basin and ash in a muffle furnace

at 4507 overnight. Af'ter allowingz the ashed saaple to
cool, add a4 littlc water and 5 wml. of redistilled 1:1
hydrochloric acid and cover with =2 watch glass., When

the initial rcaction has subsided, wash down the watch
glassand add wore hydrochloric acid, drop by drop, until
there is no furtner effervescence. Filter off the
residue and ash the filter oaper and residue in a
platinum crucible. Fuse this ash with 1 graw of
sodium earbonate and, after cooliny the fusion wi. ture,

dissolve it in 1l:1 redistilled hydrochloric acid.
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Fic. 2. THE AtoMisEr-RoTating Disc EmissioN SOURCE

to give strong spectrum lines of zinc, copper and lead for
concentrations equivalent to less than a gram of plant
material, but the transfer of rthe sample to the electrode
was found to be tedious and time-intensity curves showed
that all the zinc and lead were vaporised early in rhe
arcing period.

Other methods were tried, bur most proved to be in-
sufficiently sensitive. It was found, however, when the
interrupted arc was used in conjunction with a rotating
disc electrode, that the sensitivity remained high while
some measure of continuous sampling was obtained. It
was not possible to keep the rotating disc in contact with
the sample solution, as it was found that the heating of
the electrode by the arc caused the solution to beil violent-
ly and the technique of spraying the solution on to the
edge of the disc was therefore adopted. For this a Beckman
Flame Phofomefer atomiser-burner was found to be satis-
factory (See Figure 2.) A compressed air line was con-
nected to the oxygen inlet tube while the fuel inlet was
left open. The air pressure used was 10 lbs/square inch.
This is the pressure of oxygen which was recommended
by the manufacturers of the atomiser for flame photom-
etry and was found to be the most suitable for this work.

Spectrograms obtained using pure graphite disc elec-
trodes showed the presence of background which would
be inconveniently high for direct reading work. It was
found that this background was considerably reduced if
the disc was made up of a mixture of graphite and sodium
carbonate. Suitable discs were prepared by pressing 4 grams
of a graphite (S.P.1): sodium carbonate mixture (4:1)
in a special 1 inch diameter mould in an A.R.L. press.

For the analysis the disc was placed on a spindle con-
nected to a variable-speed motor, as with the normal ro-
tating disc-spark technique. Each disc was arced for 30
seconds before use to prepare the surface and free it from
impurities picked up in handling. A new disc was used
for each arcing.

Experiments carried out with varied rotation speeds
and current strengths, seemed to indicate that 2 tempera-
ture equilibrium could be set up which gave a more or less
constant vaporisation and excitation of the elements in
question. This is illustrated by the time-intensity curves
shown in Figure 3. As can be seen, the time-emission curves
are virtually parallel with the time axis for the conditions
3.5 amps at 6 revolutions per minute, while the intensity
ratios are also nearly constant for these conditions. On the
basis of these curves it was decided to expose from the
20th to the 60th second of the arc.

APPLIED SPECTROSCOPY

The excitation source finally used thus consisted of an
interrupted d.c. arc struck at mains frequency (50 cycles
per second) between a graphite counter electrode (cath-
ode) and a rotating graphite sodium carbonate disc
{anode), on which the chloroform solution of the extract-
ed metal dithizonates was sprayed with a flame photometer
atomiser, 25 shown in Figure 2. [t has been found necessary
to control temperature, air pressure and rate of revolution
of the disc very carefully for reproducible results.

Chemical Preparation of the Sample

As the excitation source developed was sensitive enough
to allow the use of less than a gram of sample, it was
convenient to use a wet ashing method for the preparation
of the sample solution. The danger of the loss of volatile
elements such as zinc, when the plant sample is dry-ashed,
was thus avoided. The procedure followed was similar to
that described by Verdier, Steyn and Eve (2).

Solvent extraction methods have shown themselves to
be particularly suited for the rapid, efficient separation of
trace metals from other constituents of the sample. The
method used was similar to that described by Wark (3), but
a smaller concentration of citrate was used, 40 ml of 5¢7 am-
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Fic. 3. TiME-INTENsITY CURVES FOR VARIOUS SOURCE
CONDITIONS
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Fic. 4. INnFLuENCE oF PH on DiTHiIZONE EXTRAcCTiON

monium citrate being found to be adequate for the much
smaller samples taken. The influence of pH on the dithi-
zone extraction of zinc, copper, lead and cadmium from
citrate solutions of similar concentration to those obtained
in the analysis, was investigated and the results are shown
graphically in Figure 4. On this basis a pH of 8.5-9 was
selected for the extraction. To insure a rapid and com-
plete extraction, 0.02¢;. dithizone (weight to volume in
chloroform) was used for the extraction, which was car-
ried outr with the help of 2 mechanical-stirrer extraction
apparatus designed for the simultaneous extraction of six
sample solutions, (This apparatus is to be fully described
in another publication (4).

Internal Standard

Cadmium was selected as internal standard, as ic does
not occur in large concentrations in plant material and
can readily be extracted as a dithizone complex together
with zinc, copper and lead, thus providing a standardisa-
tion of the chemical extraction step as well as the spec-
trometric part of the procedure. It has, in addition, been
found to be a suitable internal standard for zinc by a
number of other analysts (3) (6).

Spectrum Lines Used

The following spectrum lines were used in the analy-
sis, the cadmium being used as internal standard: Zn
2138.6A, Pb 2833.1A, Cu 3247.5A, Cd 3261.1A,

Self Absorption of the Zinc Line

From the standard curves shown in Figure 3, it is evi-
dent that the zinc line at 2138.6A shows marked self
absorption at the higher concentrations. This means that
the zinc concentration must be kept low and the condi-
tions must be kept as constant as possible if this line 15
to be used. The line at 3345 A would probably have proved
quite satisfactory had it been possible to position the exit
slits for this purpose, but this was made impossible hy the
relative proximity of the other lines used.

Chemicals

All the chemicals used were of the highest grade of

purity available.

(i) Distilled water was further purified by passage
through an ion exchange resin which has been
found particularly suitable for this purpose.

(i1) Chloroform was twice distilled before use.

(iit) Standard solutions of zinc, copper, lead and cad-
mium were prepared from spectrographically pure
salts of these merals.

9o

(iv) 5% Ammonium Citrate Solution: This was pre-
pared by dissolving analytical grade ammenium
citrate (dibasic} in half the required quantity of
water. Ammonia solution was then added te bring
the pH to about 2 and the solution extracted re-
peatedly with small volumes of dithizone solution
until these remained green. The solution was then
made up to the required volume.

Method

Procedure

0.5 to 1 gram of finely ground dry plant material was
wet-ashed. The filtered sample solution {20-30 ml) was
brought to pH 8.5-9 with redistilled ammonia after
the addition of 40 ml of $% ammonium citrate solution
and 5 ml of standard 10 ppm cadmium solution, and
transferred to a separatory funnel. The solution was then
agitated with 15 m! of a 0.02%: chloroform solution of
dithizone for two minutes and the chloroform phase sep-
arated. A further 5 ml of dithizone selution and § ml of
pure chloroform were then added and the extraction re-
peared. Remaining traces of chloroform solution of dithi-
zonates were washed down with pure chloroform. The
combined extract was evaporated partially on a moderate
temperature sand bath, transferred to a 25 ml volumetric
flask and made up to volume with pure chloroform.

Porrions of this extract solution were poured into § ml
beakers to be sprayed on to the rotating disc for the ex-
posure. Two exposures were made for each sample and the
mean intensity ratio taken.

The ratio of the intensity of the element line to that
of cadmium was calculated and the concentration read
from graphs, drawn from standards on lincar paper, of in-
tensity ratios against concentration.

The procedure followed for the standards was exactly
the same, except that in place of the sample solution, suit-
able volumes of a1 standard solution containing 5 ppm
zinc, 1 ppm copper and 0.5 ppm lead were used. {One or
two of the standards should be re-arced every day to allow
for correction for change in the instrument).
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Fic. 5. STANDARD AnarLysis CURVES
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