
Figure 2. Logarithmic extrapolation plot for the same mixture as

in Figure 1

Optical path length is different from that in Figure 1

lnj[NO]0/[NO](j = lnflN0 = k^t ~ t0) (3)
and

ln{[N02]o/[N02]t| =

lnfiNOz
= ky0,(t -

t0) (4)

it is found that at t = 1 sec, i?N0 ~ 20 and f?N02 ~ 1.01,
while at t - 2 sec, corresponding values are 400 and 1.02,
respectively. Consequently, if for an equimolar mixture of
NO and N02 the absorbance at t = 1 sec is taken as a
measure of [NO]o, an error of -4% would result, and at t
= 2 sec, the error would be +2%. For [NO]o/[N02]o ratios
other than unity, the errors naturally would be different.

Typical results obtained in the stopped-flow determina-
tion of NO in NO-NO2 mixtures are listed in Table II;
concentrations of NO2 were obtained by difference from
the limiting absorbance which was closely approached at t
= 4-5 min. The same mixtures were also analyzed by the
“logarithmic extrapolation” method (12), using a record-
ing spectrophotometer. In this case, the concentration of
NO2 was determined and that of NO was obtained by dif-
ference. At a time t, after virtually all NO has reacted, it
is readily shown that in the presence of a large excess of
Fe(II)

—In (A, - At) = &XOoi
- InA (5)

so that a plot of -In (A. - At) us. t should be linear
with a slope = kN02 and an intercept = -In A„, where
A™ refers to NO2 alone. A typical plot is given in Figure
2 and the results are also entered in Table II. Agreement
with the stopped-flow results is satisfactory.

The main limitation of the methods described here is
that their sensitivity is only moderate (near 10™ 5M, de-
pending on the sensitivity of the photometer used). In
their present form, these methods appear to have poten-
tialities for the analysis of “grab” samples collected at
NOx emission sources. Further work would be required to
test sampling procedures for ambient air.

Received for review February 22, 1973. Accepted May 4,
1973. We thank the National Science Foundation for fi-
nancial support under Grant GP-16342 as well as Grant
GU-3184 under the University Science Development pro-
gram.

(12)  . B. Mark and G. A. Rechnitz, “Kinetics in Analytical Chemistry,"
Interscience, New York, N.Y., 1968, p 80.

Fast Analytical Procedure for the Separation and Determination
of the Polythionates Found in Wackenroder’s Solution by
High Speed Liquid Chromatography

J. N. Chapman and H. R. Beard
Salt Lake City Metallurgy Research Center, Bureau of Mines, U.S. Department of the Interior, Salt Lake City, Utah 84112

Since the 1920’s, there has been interest in determining
polythionates in solution. The reaction of H2S with SO2 in
solution yields Wackenroder’s solution, which contains
S2O31 2™, SsOe2™, S4O62™, and Ss062™ but no other po-
lythionates or 820ß2™ (J).

Many methods have been developed for determining po-
lythionates contained in this mixture, but there is no sat-
isfactory way of separating and quantifying them that is
not lengthy and time-consuming (2). Because the time in-
volved in these separations is long, the stability of the po-
lythionates from the beginning to the end of analysis is in

(1) J. H. Karchmer, Ed., "The Analytical Chemistry of Sulfur and Its
Compounds," Wiley Interscience, New York, N.Y., 1970, Part I, p
238.

(2) G. Nickless, Ed., “Inorganic Sulfur Chemistry,” Elsevier Book Co.,
New York, N.Y., 1968, Chap. 6.

doubt. Karchmer (3) writes, “There appear to be no satis-
factory methods for the determination of individual po-
lythionates in the presence of each other.”

The method described in this paper will separate and
quantify the above named polythionates in 15 minutes.
The method depends on the adsorption and elution from
activated carbon by high-speed liquid chromatography.
The factors governing the separation are described.

EXPERIMENTAL
Apparatus. All development and analytical work was per-

formed on the Waters ALC-100 Analytical Liquid Chromato-

(3) J. H. Karchmer, Ed., “The Analytical Chemistry of Sulfur and Its
Compounds," Wiley Interscience, New York, N.Y., 1970, Part I, p
241.

2268 . ANALYTICAL CHEMISTRY, VOL. 45, NO. 13, NOVEMBER 1973

D
ow

nl
oa

de
d 

vi
a 

C
E

N
T

E
R

S 
D

IS
E

A
SE

 C
O

N
T

R
O

L
 &

 P
R

V
N

T
N

 o
n 

O
ct

ob
er

 6
, 2

02
1 

at
 1

5:
54

:4
6 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.



Gravity flow
Gradient elution reservoirs

50% THF
+

buffer

Figure 1. Block diagram of liquid chromatographic flow system

graph. Detection of eluate samples was monitored by the Waters
Model 77 UV detection module, which emits a voltage signal pro-
portional to the absorbance of the sample at 254 nm. The Autolab
System IV Digital Peak Analyzer was used to quantify peak
areas. Solvent gradients were generated in a 50-ml Glenco Gradi-
ent Elution Apparatus, a simple gravity flow device. A stainless
steel column 0.085 x 48 inches packed with 200 to 270 mesh
Darco Red Label activated carbon was selected for compound
separation. System pressures exceeding 2000 psi required the use
of a Milton-Roy pump, Waters Part No. 98750, rated to 3000 psi.
A flow diagram of the above system is shown in Figure 1. The po-
lythionate salts were checked for purity on a Coleman Model 124
D Double Beam Spectrophotometer.

Reagents. Solution A. A mild buffer passing UV radiation at
254 nm consists of 11 grams per liter of Na2HP04(anh), 0.5 vol-
ume-per cent analytical grade tetrahydrofuran (THF) adjusted to
pH 10.0 ±0.1. This was used as the primary phase.

Solution B. A 50 volume-per cent THF in primary phase buffer
was used as the secondary gradient phase. This phase was mixed
just prior to use to avoid salting out Na2HP04.

Solution A was stoppered at all times to avoid any evaporation
and checked daily for pH.

Five-gram-per-liter samples of Na2S20s, K2S3O6, K2S4O6, and
KjSgCVUi H2O were dissolved in H2O. Aliquots of each were
drawn into the syringe just before injection to minimize chemical
interactions. Samples were replenished daily as a precaution
against unobservable decomposition of the polythionates. The
three potassium salts of the polythionates that were synthesized
(4, 5) at this station were checked for purity on a UV spectropho-
tometer according to a previously published method (6). The
K2S3O6 and K2S4O6 used were 100% pure; the F^SsOe-l1* H20
was 78% pure. No UV absorbing material was contained in the
impurity of the pentathiorjate compound.

Procedure. The column was dry-packed by a recommended
procedure (7). Fine particle removal was necessary to eliminate
plugging and unnecessary back pressure in the system. Elimina-
tion of adsorbed air from the freshly packed carbon took place by
solvent purge for 30 minutes before connection to the flow circuit.
The UV detector was set at 0.08 absorbance full scale with an at-
tenuator setting of 1 on the digital peak analyzer. Sample peaks
were referenced against an air stream. Matching of background
solvents during gradient elution was impossible and precluded
the use of a solvent reference. The flow rate was set at 1.62 ml/
min and maintained through pressure increases of 400 psi caused
by gradient elution above the normal 1600-psi system pressure.
Fifty-µ  sample injections were made into an EPR rubber septum
by a stop-flow injection technique at 900 psi. A Precision syringe
equipped with a Teflon (Du Pont) plunger tip to avoid high-pres-
sure blowback was used. An exponential gradient (8) was gener-
ated by gravity flow in which 20 ml of solution B in the secondary

(4) H. Stamm, M. Goehring, and V. Feldman, Z. Anorg. Allgem. Chem.,
250, 226 (1942).

(5) H, Stamm, O. Seipold, and M. Goehring, Z. Anorg. Allgem. Chem..
247, 277 (1941).

(6) M. Schmidt and T. Sand, J. tnorg. Nucí. Chem., 26. 1173 (1964).
(7) J, J. Kirkland, Ed., “Modern Practice of Liquid Chromatography,"

Wiley-1ntersoience, New York, N.Y., 1971, p 178.
(8) Ibid., p 82.

Table I. Precision of Wackenroder’s Sulfur Species by
Peak Areas Determination

Sulfur species Rel std dev, %
µ  Injected

in 50 µ 

N32S2O3 2.5 50
K2S3O6 3.6 100
K2S4O6 3.0 50
K2S5O6' 1 V2 H2O 2.3 39

reservoir was mixed with 20 ml of solution A in the primary reser-
voir. Gradient startup was initiated 2 minutes prior to sample in-
jection. This permitted the separation of S2O32- and S3O62- to
depend solely on solution A and the separation of S4C>62~ and
SgOe2- to depend on solution B in A. Thus, a 9-minute gradient
flow through time from primary reservoir to detector resulted in
reasonable spacing of SsOe2- and S4C>62~ peaks with a complete
elution time of 15 minutes (Figure 2). Reestablishment of system
equilibrium including regeneration time for the column and
damper flushing of the pump was 25 minutes minimum.

RESULTS AND DISCUSSION
Precision. Relative standard deviations for 25 separate

chromatograms were taken as a measure of the precision
of the determinations. Table I gives the results. The col-
umn relating the number of micrograms injected in 50 µ 
reports the values based upon salt purity determinations
mentioned previously. The precision for each species rep-
resents “normal” values for a syringe-septum method of
sample introduction.

Limits of Determination. Limits were based on the
least UV sensitive species, SsOg2”. At an injection level of
25 µg, a small peak resulted. The relative standard devia-
tion increased to 8% based upon 15 sample injections.
Since each of the thionates follows Beer’s law (6), a linear
detector response can be assumed. Thus, injected
amounts of 1.6, 0.39, and 0.26 µg of for Na2S20s, K2S4O6,
and K^SsOe-D/h H2O, respectively, would produce nearly
thé same number of counts on the peak analyzer as for 25
µg of K2S3O6, assuming a closely proximate per cent rela-
tive standard deviation for each.

Optimization of Operating Conditions. The optimum
pH for the separation of S2O32™ and SgOe2- was first in-
vestigated using mild buffer solutions. In the absence of
an organic modifier such as THF, total peak resolutions
meant long retention times with resultant broadness for
S4O62- and S50e2~ peaks. Addition of THF as a gradient
after the separation of S2O32- and SsOe2- decreased the
retention times of S40e2- and SgOe2- and sharpened the
peaks. Addition of small concentrations of THF as a car-
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RETENTION TIME IN MINUTES

Figure 2. Separation of thionates in Wackenroder's solution

bon modifier to sharpen the SsOe1 2-
34peak in its separation

from S2O32™ had a similar effect to increasing the pH
with no modifier. However, above 1 volume-per cent THF
in buffer, the separation became difficult to control. At
pH 10.0 and 0.5 volume-per cent THF, an adequate
S2O32”, SsOe2™ separation occurred with a nearly Gauss-

ian SsOe2- peak. The SéOe2- and SgOe2- peaks were
then positioned on the chromatogram by the 2-minute in-
jection-time lag. The finished chromatogram is shown in
Figure 2. This solvent matrix continuously increasing in
THF concentration over a 15-minute span produced a

slight positive base-line drift as indicated in Figure 2 by
the dotted line. The drift, however, has no effect if peak
areas are measured by a digital peak analyzer.

Since increased concentrations of THF in buffer may
raise the apparent pH of the buffer, it may be desirable to
monitor the detector effluent with a pH meter and assume

nearly complete removal of THF from the column during
regeneration when the pH has returned to a value of 10.0.
Our experience, however, has shown that 10 ml of solution
A will return the pH to 10.0, yet 40 ml are required to re-
store the carbon to the condition of polarity required to
effect a good separation of S2O32- and SsOe2 ~.

CONCLUSIONS

High-speed liquid chromatography offers a fast determi-
nation of the polythionates with no measurable decompo-
sition during analysis. When samples of individual thio-
nates were injected, one and only one peak resulted. The
total sample is eluted from the column, and no column
deterioration has been observed over a 2-month period.
This method can be streamlined with a more sophisticat-
ed gradient generator and solvent turnover system.

Received for review May 21, 1973. Accepted June 28,
1973. Reference to specific equipment is made for identifi-
cation only and does not imply endorsement by the Bu-
reau of Mines.

Quantitative Chromatographic Determination of Maleic Hydrazide
in Cigarette Smoke

Yu-Ying Liu and Dietrich Hoffmann
Division of Environmental Carcinogenesis, Naylor Dana Institute for Disease Prevention, American Health Foundation, New York,
N. Y. 10021

Maleic hydrazide (MH; 6-hydroxy-3(2H)-pyridazinone)
is widely used to control tobacco sucker as demonstrated
by the fact that at least 80% of all tobaccos harvested in
the USA in 1968 and 1969 were treated with this agent
(1). MH is commonly found in processed tobacco in con-
centrations of between 30 to 100 ppm (1, 2). G. J. Stone
has assayed the fate of MH-14C when cigarettes are
smoked and found that 22% of the activity appeared in
the mainstream smoke and that half of that 8 activity was
located in the particulate phase. MH itself has not been
identified in tobacco smoke prior to this investigation (3-
5).

(1) T. C. Tso, "Physiology and Biochemistry of Tobacco Plants," Dow-
den, Hutchinson and Ross, Stroudsburg, Pa., 1972.

(2) J. R. Lane, J. Ass. Offic. Agr. Chem.. 48, 744 (1965).
(3) G. J. Stone, "The Fate of Maleic Hydrazide in a Burning Cigarette,"

Unpubl., U.S. Rubber Company, Chem. Div., Naugatuck, Conn.,
1965.

(4) E. L. Wynder and D, Hoffmann, "Tobacco and Tobacco Smoke.
Studies in Experimental Carcinogenesis," Academic Press. New
York, N.Y. 1967.

Maleic hydrazide is a proved mutagenic agent (6, 7),
and is cytotoxic and antimitotic to mammalian cells in
vitro (8), although it appears to be inactive as a carcino-
gen in adult rats and mice or as a tumor initiator on

mouse skin (9). Epstein and Mantel reported that male
mice treated in infancy with MH (0.4% hydrazine impuri-
ty) developed a high incidence of liver tumors (10).

This study reports a quantitative method for determin-
ing maleic hydrazide in tobacco and cigarette smoke. The
determination employs a variety of techniques, including
ion exchange chromatography, reaction with 4-chloroben-
zyl chloride, absorption chromatography, and, finally, gas

(5) Chem. Abstr., 1, (1920)-77 (1972).
(6) J. H. Northrop, J. Gen. Physiol., 46, 971 (1963).
(7) G. E. Nasrat, Nature (London), 207, 439 (1965).
(8) R. E. McCarthy and S. S. Epstein, Life Sci.. 7, 1 (1968).
(9) J. M. Barnes, P. N. Magee, E. Boyland, A. Haddow, R. D. Passey,

W. S. Bullough, C. N. D. Cruickshank,  . H. Salaman, and R. T.
Williams, Nature, (London), 180, 62 (1957).

(10) S. S. Epstein and N. Mantel, Int. J. Cancer, 3, 325 (1968).
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