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INTRODUCTION 
The analysis of rare earths in materials by chemical methods is plagued 

with separation and detection difficulties, and so most workers have re- 
sorted to spectroscopic measurement techniques. Fassel(5) has reviewed 
spectroscopic methods which have been extensively used for the quan- 
titative determination of rare earth metals. Flame spectra of rare earth 
elements were observed by Rains et al. (11) who aspirated nonaqueous 
solutions of these elements into an oxy-hydrogen flame. Reducing flames 
to aid in atom production were used by Fassel et al. (6) who were success- 
ful in obtaining analytically useful line spectra of these elements in fuel- 
rich flames by introducing ethanol solution of the elements. 

Further studies by Mossotti, Fassel, and others (7, 8, 10) on these 
elements provided over 1000 absorption lines in the optical region which 
were successfully used for quantitative determination of rare earth ele- 
ments by atomic absorption spectrometry. 

Amos and Willis (I) in their study observed that when higher tempera- 
ture flames were employed as an absorption cell, the degree of ionization 
of rare earths became significant. Determination of traces of rare earths 
by atomic absorption with electrothermal atomizer and by dc arc emission 
spectroscopy was discussed by Dittrich and Borzym (4). 

Dickinson and Fassel (3) with an ultrasonic aerosal generator and de- 
solvation facility in'their ICP determined detection limits for La and Ce. 
Later Fassel and Kniseley (9) reported ICP detection limits of rare earths 
which were superior to those from flames. Souilliart and Robin (12) used a 
highpower (6.6 kW) ICP and ultrasonic nebulizer in the study of rare earth 
metals. In this study, we have used a conventional moderate power 
(1.25 - 1.5 kW) ICP with a glass concentric pneumatic nebulizer for the 
determination of detection limits (LOD) and linear dynamic ranges (LDR) 

' Research supported by AF-AFOSR-F44620-76-C-0005. 
On leave from: Department of Chemistry, Pahlavi University, Shiraz, Iran. 
Author to whom all reprint requests should be sent. 

0026-265W7910 1000 1 -07$0 1 .WO 
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2 NIKDEL, MASSOUMI, AND WINEFORDNER 

of rare earth elements in pure solution and in a mixture of all the rare earth 
elements. 

EXPERIMENTAL 
Preparation of standards. Individual stock solutions of 1000 pglml of each 

rare earth element as well as their mixture were prepared by dissolv- 
ing reagent grade pure oxides (ignited at 600°C for 4 hr) in hot 3 M HCl. 
Successive dilutions were made before each determination using 
distilled-deionized water. A solution of hydrochloric acid in deionized 
water was used as the blank. 

Apparatus. A 2-k W inductively coupled plasma (Plasma Therm Inc., 
Kresson, NJ) with a 27-MHz radiofrequency generator was used in con- 
junction with a glass concentric nebulizer. The nebulizer solution flow 
rate was controlled with a syringe pump (Sage Instruments, Div. of Orion 
Research Inc., Cambridge, MA). A list of major instrumental components 
of the ICP system used in this study is given in Table 1. 

Limits of detection (LOD) and linear dynamic ranges (LDR) were mea- 
sured by integrating the electrometer signal for 10 sec. The LOD was 
taken to be that concentration equivalent to a signal three times that of the 
standard deviation of 16 consecutive, integrated blank readings. 

Experimental conditions. The plasma system was operated at argon 
flows specified by the manufacturer. The ICP power was maintained at 
1.25 to 1.5 kW throughout all measurements; the nebulizer solution flow 
rate was maintained at 2.2 ml mind' and the cooling gas was controlled to 
16 to 20 liters min-l. A spherical lens (image 1: I), placed in a 3" metal 
tube, was used to transfer the emission beam to the monochromator en- 
trance slit. The entrance slit of the monochromator was set at 30 pm in 
width and 2 cm in height; the exit slit was adjusted to a width of 16 pm. 

TABLE 1 
SPECIFIC COMPONENTS OF EXPERIMENTAL SYSTEM 

Component Model number Company 

ICP 
Torch assembly PT 1500 Plasma Therm Inc., Kresson, NJ 
RF Generator HFP- 1500D 

Nebulizer T-220-A2 JE Meinhard Associates, Santa Anna, CA 

Monochromator 1870 SPEX, Metuchen, NJ 

Photomultiplier R-818 Hamamatsu Corp., Middlesex, NJ 

High voltage power supply 224 Keithly Instruments, Cleveland, OH 

Current/voltage convertor 6 0 1  Keithly Instruments, Cleveland, OH 

Integrator Lab Constructed 



DETECTION LIMITS OF RARE EARTHS 

FIG. 1.  Analytical calibration curves for lanthanum and cerium: ( 0 )  single element; (x)  in 
mixture. 

The ICP was mounted on an adjustable (x-y-z) table so that the observa- 
tion height could be adjusted with respect to the monochromator. The 
optimum plasma observation height was found to be 12 mm above the 
load coil of the ICP. 

& 

~ b - I  1b0 13 lb2 163 1b4 1 6 5  1b6 
ANALYTE CONCENTRATION ( nq. rnl-I) 

FIG. 2. Analytical calibration curves for europium and dysprosium: (.) single element: (x)  
in mixture. - - -, 1: 
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6 NIKDEL, MASSOUMI, AND WINEFORDNER 

RESULTS AND DISCUSSION 
The observed detection limits and linear dynamic ranges of rare earth 

elements with the lines used for measurement (also energies of levels and 
gA values are given) are summarized in Table 2. The linear dynamic 
ranges were obtained by measuring the relative emission signals of 
selected analysis lines vs concentration of metal ions in solution. The 
analytical calibration curves are linear over a concentration range of -5 
orders of magnitude for all of the elements being studied. As representa- 
tive examples, calibration curves for La, Ce, Eu,  Dy, Ho,  and Lu are 
presented in Figs. 1, 2, and 3. 

Comparison of the results of this work with that of other authors (9, 12) 
indicates that the conditions employed in this study have resulted in simi- 
lar or better limits of detection as those of others. It is also clear from the 
LODs obtained in the mixture of elements that matrix interferences are 
negligible in the ICP. 

In the present studies, only ion lines were found to be sufficiently 
intense for analytical measurements of rare earth metals. Ion lines (see 
Table 2) were selected on the basis of maximization of intensities and 
minimization of spectral interferences and background. The detection 
limits obtained in this study in pure aqueous solutions or rare earth mix- 
tures are similar to or  superior to those reported in two previous studies of 
ICP excitation of rare earths (9, 12). The excellent linear dynamic ranges 

FIG. 3. Analytical calibration curves for holmium and lutetium: (.) single element; ( X )  in 
mixture. 
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in this study should be stressed; unfortunately, LDRs were not obtained 
in any of the previous studies. 

SUMMARY 
Using a medium power (1.25- 1 .SO kW) ICP as an excitation source and a glass concentric 

nebulizer, aqueous solutions of rare earth elements are measured. Limits of detection for all 
the rare earth elements in both pure solution and in a mixture of all the rare earth elements 
combined are measured except for Pm. Analytical lines and ICP characteristics for such 
measurements are given. 
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INTRODUCTION 
It has been observed in the dithioketals that variations in ring size bring 

about changes in their ultraviolet spectra (14). It is known that the ul- 
traviolet absorption of these systems is due to interaction of the geminal 
sulfur atoms, and presumably involves the 3d-orbitals (6). From the 
photochemical behavior of cyclic dithioketals, it appears as if the course 
of the photolysis is governed by the size of the ring containing the two 
sulfur atoms (12, 13). Examination of the mass spectra of a series of cyclic 
dithioketals has indicated pronounced variations in the fragmentation 
pathways with changes in ring size (8). 

The present work was invoked because further investigations were 
necessary in order to elucidate the role of the 3d-orbital interaction of 
sulfurs in dithioketals. 

The pyrolysis of 1,5-dithiaspiro(5.4)decane and 1,5-dithiaspiro 
(5.5)undecane was studied t o  determine the  effect,  if any ,  of 
varying the size of the ring containing the two sulfur atoms. Pyrolysis of 
1,4-dithiaspiro(4.4)nonane and 1,4-dithiaspiro(4.5)decane was likewise 
studied to determine any effect that changes in the hydrocarbon or the 
sulfur ring might have on the pyrolysis products. 

EXPERIMENTAL 
The compounds used were: 

1,4-dithiaspiro(4.4)nonane 
1,5-dithiaspiro(5.4)decane 
1,4-dithiaspiro(4.5) decane 
1,5-dithiaspiro(5.5)undecane 

which were synthesized as described in Refs. (5) and (9). 
The pyrolysis apparatus was similar to that used by Cava and Spangler 

(3). 
Samples were introduced into the pyrolysis chamber by flash vaporiza- 

tion from the sublimation chamber. The pressure of the system reduced to 
the minimum attainable (0.1 m). Dry nitrogen was then admitted to the 
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system to increase the pressure to  0.4 mm. Pyrolysis was allowed to 
proceed for 2.5 to 7 hr. 

The collected mixture of nongaseous products except CS, was passed 
through a semi-micro column1 of a Woelm aluminum oxide (anionotropic) 
eluting with spectroquality methylene chloride. 

In the cases where the isolated compound was known, its mass and 
infrared spectra with ge-retention time were compared to  that of the au- 
thentic material. A mixed melting point was obtained when the material 
was a solid. 

All compounds analyzed by mass and infrared spectroscopy were 
purified and checked for purity using columns of different polarity. 

Mass spectra were determined a t  70 eV with a Hitachi-Perkin-Elmer 
Model RMU-6 E single-focusing mass spectrometer. GCIMS were ob- 
tained with a Finnigan Model 1015 C gclms spectrometer. 

RESULTS AND DISCUSSION 
The yields as  a function of pyrolysis temperatures are given in Table 1. 
The partial 70-eV mass spectrum of (i) shows mle (relative abun- 

dance): 160 (79), 132 ( loo), 100 (26), 67 (67). These peaks account for 36% 
of the total ion current. The 25-eV spectrum consists of only these four 
peaks: 160 ( loo), 132 (50), 100 (7), and 67 (4) which correspond to  the 
following fragmentation (7). 

Pyrolysis of (I) resulted primarily in cleavage to thiocyclopentanone 
(12) and follows the electron-impact-induced fragmentation in the follow- 
ing manner: 

Thiocyclopentanone was synthesized (1, 2, 11) and pyrolyzed as  an aid in 
analyzing the decomposition results. 

The 70-eV mass spectrum of (IV) shows ions with mle (relative abun- 
dance): 188 (91), 114 (84), and 81 (100). These peaks account for 30% of 

'9" L x 7.0 to 7.4-mm-0.d. disposable capillary pipets, filled with 3 ml 6A1,0,. 
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the total ion current. The 15-eV spectrum consists of the same three peaks: 
188 (100) 114 (17) and 81 (2) (65% total ion current). 

The pyrolysis of (IV) is related to the electron-impact-induced frag- 
mentation in the following manner: 

From the experiments run, it is readily seen that at lower temperature the 
first products which were formed and were detectable by gclms were the 
thiocycloketones (12 and 13). At 600°C most of the starting materials were 
recovered unreacted. Higher temperatures decreased the percentage re- 
covery of starting material, and at  these temperatures no thiocy- 
cloketones were detected. It was also seen that with increasing tempera- 
ture the yields of naphthalene and benzene were decreased for compounds 
(12) and (13), respectively. This behavior indicates that the thiocy- 
cloketones are undergoing further pyrolysis. 

The results also show that major dissociation in the sulfur-containing 
ring occurs at lower temperature (500-600°C) and at higher temperature 
(700-800°C), dissociation extends to the alkane ring in a fashion analogous 
to their electron-impact behavior at 15 and 70 eV, respectively. This 
provides a parallel between the electron impact and thermal fragmenta- 
tion of this type of molecule. The results correspond to the following 
mechanism which is expected for the pyrolysis of compounds (I) to (IV): 
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The cyclic disulfides are not stable under the conditions of pyrolysis (10, 
4) and either cleave to carbon disulfide and cyclobutane (n = 01, cy- 
clopentane (n = I) ,  or  to other hydrocarbons. The results and mechanism 
suggested for the pyrolysis of compounds (I) to (IV) indicated that for 
dithioketals with different ring sizes different thermal and fragmentation 
pathways are obtained. This lends support to the idea that to  some extent 
the 3d-orbital interaction is involved in these systems and affects the 
consistency of the pyrolysis products. 

This entire matter deserves further study. We are particularly in- 
terested in conducting appearance potential measurements to determine 
in more detail the exact energetics of these processes. 

SUMMARY 
A detailed analysis of the gas phase pyrolysis of 1,4-dithiaspiro[4.4]nonane(I), 1.5- 

dithiaspiro(5.4)decane(II), 1,4-dithiaspiro(4.5)decane(III), and 13-(5,5)undecane(IV) is 
presented. Pyrolysis resulted primarily in cleavage of the molecules to thiocyclopentanone 
and thiocyclohexanone. The products observed are discussed in relation to the effect of 
ring size in cyclic dithioketals. A definite correlation was noted between the thermal and 
their electron-impact-induced fragmentations of these materials. 
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INTRODUCTION 
Tungsten is among those elements that produces alloy steels that retain 

their hardness even at red heat, and interest continues in the determina- 
tion of this metal when associated with the other components of 
technologically important alloys. 

The well-known cinchonine and mercury(1) tungstate methods (1, 6) are 
based on ignition of W03H20 or Hg2W03 and weighing as WO,. After 
separation of vanadium as V20,, Martinez et al. (5) precipitated W0,H20 
with excess perchloric acid, separated it, and ignited to WO,. Polyakov 
and Rumyantesev (7) stated that the precipitation of W03H20 is quantita- 
tive in the presence of Fe(III), aluminuim, and lead, but is slightly affected 
by mineral acids o r  aqua regia. Varughese and Rao (9) determined 
tungsten as silver tungstate, in the absence of sulfate, acetate, arsenate, 
vanadate, and chloride. Shevahere (8) titrated tungstate with silver nitrate 
potentiometrically using silver and calomel electrodes. Ismail and co- 
workers (2) determined various constituents of vanadium and chromium 
steels by the back titration of EDTA, CDTA, KI, or KBr with mercury 
(11) or mercury (I) to a potentiometric end point. The present paper de- 
scribes the application of this approach to the analysis of tungsten mix- 
tures. 

EXPERIMENTAL METHODS 
Deionized water was used. The chemicals were of the highest purity 

available. 
Solutions. The mercury (I) nitrate solution was prepared by reduc- 

ing the calculated amount of Hg(NO,), previously dissolved in the 
least amount of HNO, with mercury metal, separating excess mercury 
by filtration, and diluting t o  volume with water. This solution was 
standardized against standard iron (111) alum solution in the presence 
of NH4SCN (3). The arsenite solution was made by dissolving As203 
in NaOH, slightly acidifying the solution with 10% H2S04, and dilut- 
ing to volume with water. This solution was standardized iodometri- 
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cally. The 0.2 and 0.7% alcoholic iodine solutions were prepared from 
sublimed iodine and absolute ethanol. Synthetic mixtures were pre- 
pared in such a manner that they contained the metal components in 
the appropriate ratios of some alloy steels. These mixtures were stan- 
dardized by recommended procedures. 

Apparatus. The titration assembly was that described (2) except that 
a stream of oxygen-free nitrogen was allowed to  pass into the solu- 
tion, whenever tungsten (VI) and iron (111) were to  be determined. 
The titration cell consisted of silver amalgam and calomel electrodes. 

Procedures 
( I )  Analysis o f  a Mixture o f  W(VI)  + Mn(II) + Fe(II1) (Low-Alloy T a p  

Steel) 
This mixture was prepared by mixing the following three solutions and 

diluting the resulting solution to 500 ml with water: (a) 0.0152 g of sodium 
tungstate dihydrate was dissolved in 20 ml of water and acidified with 75 
ml of glacial acetic acid; (b) 0.484 g of iron metal was dissolved in 50 ml of 
1:2 sulfuric acid; the iron (11) was oxidized with 1 ml of 30% hydrogen 
peroxide; the solution was boiled to decompose excess of the latter and 
was then cooled; (c) 0.0078 g of manganese (11) sulfate monohydrate was 
dissolved in 20 ml of water and acidified with 1 ml of 10% H2S04. A 10-ml 
volume of this mixture contained 0.170 mg of W, 0.051 mg of Mn, and 
9.68 mg of Fe. 

( l a )  For Mn. To a 10-ml portion of the mixture (aliquot A), cautiously 
add sodium peroxide to the appearance of a brown precipitate of hydrous 
iron (111) oxide, add an excess, boil for 20 min to oxidize Mn(I1) to 
Mn(1V) and to decompose excess of Na,O,, cool, acidify with 5 ml of 
glacial acetic acid and 1 ml of 10% H2S04, heat to dissolve iron oxide 
(WO,H,O does not precipitate in the presence of glacial acetic acid even 
with moderate boiling), cool, reduce the brown precipitated Mn(1V) with 
5 ml of 0.01 M arsenite, set aside for 5 min, oxidize the excess arsenite 
with 5 ml of 0.2% alcoholic I, solution, and titrate the iodide formed with 
0.01 M Hg(I1). Find out As3+ = Mn by subtracting the iodide equivalent to 
excess arsenite from total arsenite to get the amount of the latter equiva- 
lent to manganese. Compute EDTA = Mn. 

( l b )  For Fe + Mn. To aliquot A, after the determination of Mn, add 8 ml 
of 0.05 M EDTA, 8 ml of 10% hexamethylene tetramine, and at pH 6.5 
titrate the unreacted EDTA with 0.05 M Hg(I1) (there is no interference 
from W or As). The unreacted EDTA is subtracted from the total added to 
give EDTA that reacted with iron (111) and Mn(II), that is, EDTA = Fe + 
Mn. Find EDTA = Fe by difference. 

( Ic )  For W. In a second 10-ml aliquot, mask Fe + Mn with EDTA (4 ml 
of 0.05 M as calculated from Ib to be in slight excess); mask the excess 
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EDTA with ZnSO, (0.5 ml of 0.05 M as calculated to be sufficient for a 
slight excess) because EDTA has a reducing effect on mercury (I); heat 
for 2 min; upon cooling add 5 ml of 0.01 M mercury (I) solution, adjust to 
pH 6 with ammonia, stir for 15 min, pass nitrogen gas at a moderate rate to 
displace oxygen from the beaker, then close the holes of the rubber stop- 
per and set aside in a dark place overnight. Now remove the stopper, 
separate the Hg,WO, by filtration with 542 Whatman paper, wash 
thoroughly with 0.2% HNO,, and titrate the unreacted Hg(1) in the filtrate 
with 0.01 M KBr. Subtract the unreacted Hg(1) from the total added to get 
the combined amount in Hg2W0,, that is, Hg(1) = W(V1). 

(2)  Analysis of a Mixture of W(VZ) + Fe(ZZ1) + Mn(ZZ) + Cr(ZZZ) 
(Tungsten Chisel Steel) 

This mixture was prepared by mixing the three solutions obtained by 
dissolving separately 0.0101 g of Na2W0,2H,0, 0.484 g of Fe metal, and 
0.0078 g of MnSO,H,O in the same manner as described in procedure 1, 
with a Cr solution (prepared by dissolving 0.0547 g of KCr(S0J212H20 in 
50 ml of H20 ,  acidifying the solution with 10 ml 1:2 H2S04, and diluting to 
500 ml with water). A 10-ml volume of this mixture contained 0.113 mg of 
W + 9.68 mg of Fe + 0.051 mg of Mn + 0.113 mg of Cr. 
(2a) For Cr. Boil 10 ml of the mixture (aliquot B) with Na,O, for 20 min 

to oxidize Cr(II1) and Mn(I1) and to destroy excess Na202. Acidify the 
mixture with 5 ml of glacial acetic acid and a few drops of 1:3 HC1; heat 
for 10 min to dissolve Fe(OH), and to reduce Mn4+ to  Mn2+ while passing 
N, to expel liberated Cl,. Upon cooling, add 5 ml of 0.01 M arsenite to 
reduce Cr(VI), heat for 2 min to enhance the reduction (but avoiding 
boiling and possible volatilization of AsCl,), add 25 rnl of 0.2% I, solution, 
and proceed according to la). Find out As3+ = Cr by subtracting the 
iodide equivalent to excess arsenite from total arsenite to get the amount 
of the latter equivalent to chromium. 

(2b) For Fe + Mn + Cr. To aliquot B, after determining Cr, add 8 ml of 
0.05 M EDTA and proceed as described in l b  to obtain EDTA that com- 
bined with the three cations, that is, EDTA = sum of Fe  + MN + Cr. 

(2c) For Fe. To a second 10-rnl portion of the mixture add a few drops of 
lactic acid (- 90%) to keep W(V1) in solution during prolonged boiling, 10 
ml of 0.1 M KI, boil for 20 min to  reduce Fe3+ to Fez+ while passing 
nitrogen gas at a moderate rate to expel the liberated I,. Cool the reaction 
mixture in ice water to 5 to 10°C and titrate the unreacted KI with 0.05 M 
Hg(I1). Subtract excess KI from the total to get KI = Fe, compute EDTA 
= Fe, and subtract it from EDTA = sum of Fe + Mn + Cr in 2b to get 
EDTA = Mn + Cr, then compute EDTA = Cr from 2a and find EDTA = 
Mn by difference. 

(2d) For W .  Boil a third 10-ml portion of the mixture with 4 ml of 0.05 M 



POTENTIOMETRIC TITRATIONS 19 

EDTA for 15 min to mask Fe + Mn + Cr; mask free EDTA with ZnSO,, 
and continue as described in l c  to obtain Hg(1) = W(V1). 

(3) Analysis of a Mixture of W(VI) + Fe(III) + Cr(III) + V(1V) 
(High Speed Steels) 

This mixture was prepared by mixing the three solutions obtained by 
dissolving separately 0.1525 g of Na2W042H20, 0.4145 g of Fe metal, and 
0.1622 g of KCr(SO4),12H,O as described in procedures 1 and 2, with a 
vanadium solution (prepared by dissolving 0.0246 g of NH4V03 in 50 ml of 
hot water, acidifying the solution with 5 ml 1:2 H2S04, reducing V(V) to 
V(1V) with SO, water, boiling the solution to remove excess SO,, and 
then allowing it to cool). Dilute the solution to 500 ml with water. A 10-ml 
volume of this mixture contained 1.7 mg of W + 8.29 mg of Fe + 0.338 mg 
of Cr + 0.212 mg of V. 

(3a) For Cr, Cr + V ,  and Fe + Cr + V .  Boil separately, two 10-ml 
aliquots of the mixture with Na,O,, make both solutions acidic with 5 ml 
of glacial acetic acid and 1 ml of 10% H2S04, heat for 10 min to dissolve 
Fe(OH),, reduce Cr(V1) in only one mixture with arsenite (5 ml of 0.01 
M), and proceed according to 2a to obtain As3+ = Cr. Compute EDTA = 
Cr. To the second mixture add 5 ml of 0.01 M arsenite and 8 ml of 0.05 M 
EDTA (which catalyzes the arsenite reduction of V(V) to V(IV) through 
formation of the more stable V(1V)-EDTA complex), boil for 15 min to 
reduce V(V) to V(1V) and to ensure complete complexation of Cr(III), 
cool, add 25 ml of 0.2% I, solution, and titrate iodide equivalent to excess 
arsenite with 0.01 M Hg(I1). Find out As3+ = Cr + V and EDTA = Cr + V 
as illustrated in l a  for Mn; add 8 ml of 10% hexamethylene tetramine 
solution and at pH 6.5 titrate unreacted EDTA with Hg(I1) to find EDTA 
that combined with Fe, Cr, and V. Compute EDTA = Fe and EDTA = V 
by difference. 

(36) For W .  Use a third identical mixture and proceed as described in 
2d. 

(4) Analysis of High Speed Steel containing W + Cr + V and 
Tungsten Chisel Steel Containing W + Mn + Cr 
Treat a 200-mg sample with 15 ml HCl. Warm gently to decompose 

the steel, whereby W is separated as black particles. Stir and rub 
with a policeman to bring W into suspension; gradually add 10 ml 1: 1 
HNO, and digest at 100°C with occasional stirring until bright yellow 
W03H20 is no longer formed. Cool, add 10 ml of conc H2S04, heat to 
incipieht white fumes of SO,. After cooling in ice water, dilute with 10 ml 
of H,O, add 2 ml of H202, and boil for 15 min to obtain Fe3+, Mn2+, Cr3+, 
and V4+ and to destroy H202. Cool, add 10 ml of H20 ,  carefully neutralize 
with NaOH, and add more caustic to dissolve tungstic acid. Acidify with 
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30 ml of glacial acetic acid and heat while stirring with dropwise addition 
of 10% H2S04 to dissolve the hydroxides of Fe, Cr, and V (H2W04 does 
not precipitate). Filter the clear solution from insoluble silica (542 What- 
man), wash the filter thoroughly with 1070 acetic acid, and dilute the 
filtrate and washings to 250 ml with water. Take 5-ml aliquots of this 
solution and proceed exactly as described in 3a, 3b, 2a, 2b, 2c, and 2d to 
obtain EDTA equivalent to each component. Calculate the molarity of the 
solution in respect of each component and the percentage of each compo- 
nent. 

RESULTS AND DISCUSSION 
Tables 1 and 2 list the results obtained by the present and classical 

methods ( l o ) ,  with three synthetic tungsten-containing mixtures as 
well as one sample each of high speed steel and tungsten chisel steel. 
The agreement is good and indicates that the present methods are re- 
liable. The end point potential breaks are quite sharp and large in 
magnitude. For example, in the titration of excess EDTA and KI with 
Hg(II), in the absence of chloride, the potential breaks averaged 150 
and 380 mV per 0.1 ml of titrant, respectively. In the presence of 
chloride and in the titration of Hg(1) with KBr the potential breaks 
averaged 85 and 170 mV per 0.1 ml of titrant, respectively. 

Remarks 
Acetic acid or preferably lactic acid (procedures l a  and 2c) prevents 

precipitation of tungstic acid during heating or boiling the mixture for 
a considerable period of time, even in the presence of low concentra- 

TABLE 1 
ANALYSIS OF SYNTHETIC TUNGESTEN MIXTURES BY THE NEW METHODS 

Number 1 2 3 

mg W 
taken 0.170 0.113 1.70 
found 0.167 0.111 1.68 

mg Fe taken 9.68 9.67 8.29 
found 9.71 9.69 8.3 1 

taken 0.051 0.05 1 - mg Mn 
found 0.048 0.048 - 
taken - 0.113 0.338 mg Cr 
found - 0.115 0.34 1 

taken - 
mg v found - 

taken 
found 
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TABLE 2 
ANALYSIS OF (I) HIGH SPEED STEEL AND (11) TUNGSTEN CHISEL STEEL 

Ia 
Ib 

IIa 
IIb 

a, by the classical method; b, by the new method. 

tions of mineral acids. The addition of EDTA masks possible hy- 
drolysis of cations other than tungsten and thereby occlusion with 
Hg(1) during precipitation of Hg2W04 at  relatively low acidity and 
long standing. Arsenite reduces both Mn(1V) and Cr(V1) to the inter- 
mediate oxidation states rather than to their lower states Mn(I1) and 
Cr(II1). However, in the presence of traces of iodide produced by 
oxidation of excess arsenite with I,, the process of reduction is 
catalyzed toward the quantitative formation of Mn(I1) and Cr(II1). On 
the other hand, arsenite has no reducing effect on V(V) or Fe(III), 
but, in the presence of EDTA, reduction of V(V) t o  V(1V) is 
accomplished on  heating via formation of the  highly stable 
V(1V)-EDTA complex. Reduction of Mn(1V) and Cr(V1) in acid 
medium with arsenite should proceed quantitatively due to the high 
values of the standard potentials of the systems Mn(IV)/Mn(II) (+1.23 
V) and Cr(VI)/Cr(III) (+1.33 V), in comparison with that of the 
arsenatelarsenite system (+0.56 V). Oxidation of arsenite with iodine 
in alcoholic solution proceeds quantiatively, in spite of the low value 
for the standard potential of the iodineliodide system (+0.54 V). This 
is attributed to the fact that Hg(I1) ions of the titrant not only increase 
the oxidation potential of iodine (9) but also remove the iodide set 
free in the equilibrium 

As03,- + I, + H,O e As03,- + 2H+ + 21- 

as the sparingly soluble red HgI,, and, thereby, continually shifts this 
equilibrium to  the right. However,  this oxidation process is not 
applicable to Mn(II), Cr(III), or  V(1V). Acetate ions hinder the pre- 
cipitation of W(V1) as Ag2W04 with silver nitrate, even at elevated 
temperature and in slight acid medium, which is not the case with 
mercurous nitrate. The presence of HCl lowers the end point poten- 
tial break when KI is titrated with Hg(I1) due to formation of the sta- 
ble HgC12- ion (log K = 17.6). On adding 0.05 ml of Hg(1I) just 
beyond the end point, the free Hg2+ concentration, to which is attrib- 
uted a large change in the potential set by the silver amalgam, and 
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consequently large portion of the end point break, is substantially 
suppressed. However, the potential break is still of a good order of 
magnitude (85 in comparison with 350 mVlO.1 ml in the absence of the 
chloride). Na202 oxidizes Mn(II), Cr(III), and V(1V) according to the 
reactions: 

SUMMARY 
Reliable potentiometric titration methods are adopted for the analysis of tungsten mix- 

tures analogous to some industrially important alloys such as low alloy tap steel, tung- 
sten chisel, and high speed steels. Tungsten is separated a s  Hg,WO, and unreacted 
Hg(1) is titrated with KBr. The techniques of oxidation with I, o r  reduction with KI and 
use of the selective arsenite reduction of Cr(V1) and/or Mn(1V) in the presence of V(V) 
o r  Fe(II1) make it possible to determine alloy components without tedious separations. 
In all titrations the potential break is sharp enough for the precise establishment of the 
end point. 
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INTRODUCTION 
In a continuation of our studies on the catalytic determination of iron, 

we have examined in a previous communication (6) the oxidation reaction 
of 2,4-diaminophenol by hydrogen peroxide. p-Aminophenol is also 
oxidized to a colored product. 

The oxidation reaction of p-aminophenol in aqueous solution has been 
studied by Eggers et al. (2). They have proposed that p-quinoneimine is 
the product of this oxidation. Later Snead and Remick (5) studied the 
redox mechanism of p-aminophenol. Guilbault (3) has studied the 
oxidation of p-aminophenol by cerium(1V) perchlorate in 3 F  perchloric 
acid and a selective spectrophotometric determination of p-aminophenol 
was proposed, based on the purple compound which was formed and 
believed to be a phenoxazine derivative. The oxidation reaction of p- 
aminophenol is generally catalyzed by several ions, such as Cu2+, Fe3+, 
VOj, and W02,-. The catalytic effect of Cu2+ was studied by Dolmanova et 
al. (I). They found that the catalytic activity of Cu2+ on the oxidation of the 
aminophenols by H20,  decreases in the order of p-m-o-aminophenol. 

According to the above facts it was found interesting to study the 
catalytic activity of Fe3+ on the oxidation reaction of p-aminophenol 
(PAP) by H 2 0 2  and to apply this reaction for the catalytic microdetermi- 
nation of ferric ions. The results of this study are reported in the present 
paper. 

EXPERIMENTAL 
Reagents. Analytical-grade reagents from Merck A.G. were employed 

and their solutions were prepared from twice distilled water.  p- 
Aminophenol (PAP) was a reagent grade chemical also from Merck A.G. 
It was recrystallized twice from 1 N hydrochloric acid. Solutions of PAP 
were prepared always just before their use to avoid any oxidation by 
standing in the diffused light. 

' To whom all inquiries should be addressed. 
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Standard femc  ion solution was prepared by dissolving in 0.1 N HCl 
the appropriate amount of FeC13.6H,0. This solution was standardized 
gravimetrically . 

Hydrogen peroxide standard solution was prepared by appropriately 
diluting with water the 30% v/v reagent. Buffer solutions were prepared 
by mixing glycine and hydrochloric acid solutions in the appropriate ratio, 
and their ionic strength was kept constant at 0.1 M by using 1 M sodium 
chloride solution. 

Instruments. A Unicam SP-700 spectrophotometer, connected with a 
Sargent thermocirculating bath, was used for absorbance measurements. 
For pH measurements a Beckmann 1019 research pH meter was used 
with absolute accuracy limits of pH measurement defined by NBS 
buffers. 

Procedure. In order to get reproducible results it was found necessary 
to  employ the following procedure: In a 50-ml volumetric flask were 
added (a) solutions of hydrogen peroxide, (b) solutions of f e m c  ions, (c) 
buffer solutions, and (d) solutions of p-aminophenol (PAP) in this order 
always. Then the flask was filled with water up to  the mark, with 
continuous mixing. The starting time of the reaction was taken the 
moment the half volume of the PAP solution was added. 

An aliquot of the reaction mixture was transferred to the cell (in the 
spectrophotometer) and, exactly 2 min from the starting time, the 
recording system of the spectrophotometer was put on. The recorded 
values were optical density vs time. The p H  measurements were 
performed with the rest of the reaction mixture. 

To find the experimental constant rate K* of the studied catalytic 
reaction, the intergration method was used according to relations (I), (2), 
and (3): 

log (a - x) log a - K,Ct (1) 
or  log(a - x )  log a - K*t 

or log(Do - D,) log Do - K*t 

where a and (a-x) are the initial and observed concentration of a starting 
material, C is the concentration being determined, K,  is a function of all 
the remaining substances participating in this reaction (K* is equal to  the 
product k,C), Do is the optical density of a fully oxidized form of PAP, and 
D, is the optical density of the partially oxidized PAP a t  a time t ,  
calculated from the graphs. So, the method of tangents was used 
according to Yatsimirskii (7). 

RESULTS AND DISCUSSION 
In Fig. 1, the absorption spectrum of the oxidized form of PAP in water 

is given. The maximum absorption is at 520 nm. Guilbaut (3) reported that 
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FIG. 1 .  Absorption spectrum of the oxidized form of PAP. 

this product is stable for at least 15 min and Beer's law is obeyed. At 15 
min the molar absorptivity was found to  be 1.5 x lo2 1 .mol-' - cm-'. 

To select the optimal conditions for carrying out this oxidation 
reaction, we studied the dependence of the catalytic reaction rate on 
several factors and results are given as follows. 

Effect of pH 
In Fig. 2, the increase of the reaction rate with the increase of the pH 

values, in the range of 1.7 to 2.8, is shown. At higher pH values, the 
reaction rate decreases, probably because of the ferric hydroxide 
formation. The pH values from 2.5 to 2.8 were accepted as the optimum 
range for this work. 
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I I I 
1 2 3 

PH 
FIG. 2. Dependence of theK* on the pH values of the solution (PAP = 2 x lop3 M; H,02 = 

1 x 10-I M; Fe = 1.918 x M; ionic strength, I = 0.1 with NaCI; buffer, glycine + HCI; 
temperature, 25 k O.l°C). 

FIG. 3. Dependence of the reaction rate on the concentration of H,O, (PAP = 2 x M; 
Fe = 2.87 x M; pH = 2.56; buffer, glycine + HCI; temperature, 25 + O.l°C; ionic 
strength, I = 0.1). 
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Effect of H202 and PAP Concentration 
The effect of H202  concentration was examined over the range of 0.1 x 

to 2.0 x lo-' M. As Fig. 3 shows, there is initially an increase of the 
reaction rate as the H 2 0 2  concentration increases and then, after a 
definite value, remains constant. This fact is in agreement with the views 
of Lewis et al.  (4) that a 1:l catalytically active complex is formed 
between ferric ions and hydrogen peroxide. 

Considering that a simple reaction takes place, without any stepwise 
complex formation, 

nA +K Z KAn 

where A is the initial compound (H202), K is the catalyst (Fe3+), KAn is 
the formed intermediate complex, and bn is the equilibrium constant, we 
can apply the following relation given by Yatsimirskii (8) 

where v is the reaction rate, C; is the overall concentration of catalyst, 
and K ,  is a function of the concentration of the other reactants. 

FIG. 4. Plot of the reciprocal of the reaction rate against the reciprocal H,O, concentration 
(PAP = 2 x M ;  Fe = 2.87 x M ;  pH = 2.56; buffer, glycine + HCI; temperature, 25 
* O.I°C; ionic strength, I = 0.1). 
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If we put llv on the ordinate and 1/[AIn on the abscissa then all the 
experimental points must lie on a straight line. In Fig. 4, this line is 
actually shown and this indicates that the reaction is of a complex nature 
and presumably the result of the formation of a catalytically active 
complex Fe(II1) -H20,. 

In Fig. 5 we have a plot of the reaction rate vs the concentration of 
PAP. There is an increase of the reaction rate as the PAP concentration 
increases and a linear relation exists. 

Effect of Temperature. Activation Energy 
The dependance of the reaction rate on the temperature is given in Fig. 

6. From Fig. 7 (a graph of log K* vs the reciprocal of the absolute 
temperature) and the given values of Table 1, the order of the activation 
energy of this catalytic reaction was calculated (9) and it was found to be 
14.6 kcal -mol-I. 

On the basis of the investigations described above, we summarize the 
optimal conditions which we suggest for the catalytic ultramicrodetermi- 
nation of iron: 

(a) H202  concentration: 1.6 x M, i.e., 8.0 ml of a 1.6 x 10-I M 
solution of H202  in a 50-ml volumetric flask. 

(b) FE(II1) concentration for the reference curve: from 0.5 to 4.0 ml of a 

FIG. 5. Dependence of the reaction rate on the concentration of PAP: (H202 = 1.6 x 
M; Fe = 1.918 x M; pH = 2.83; buffer, glycine + HCI; temperature, 26.5 k 0.l0C; ionic 
strength, I = 0.1). 
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FIG. 6. Plot of the reaction rate against the temperature (H,O, = 1.6 x M ;  PAP = 4 x 
M; Fe = 3.83 x M ;  pH = 2.79; buffer, glycine + HCI; ionic strength, I = 0.1). 

10 x lop5 M solution of Fe(II1) (we used 0.5, 1 .O, 2.0, 3.0, and 4.0 ml of a 
9.59 x M solution). 

(c) Buffer solution to keep the pH range from 2.5 to  2.8. 
(d) PAP concentration: 4.0 x M, i.e., 10 ml of a 2 x M solution 

of PAP in the above flask and then fill it with water up to the mark. The 
solutions were thermostated at 25 2 O.l°C before the beginning of the 
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FIG. 7. Plot for calculation of the activation energy, log K *  vs reciprocal of the absolute 
temperature (H,O, = 1.6 x lop2 M ;  PAP = 4 x M; Fe = 3.83 x M ;  pH = 2.79;  
buffer, glycine + HCI; ionic strength, I = 0.1). 

reaction. During the oxidation of PAP by hydrogen peroxide the solution 
gradually' develops its color and the progress of the reaction is observed 
spectrophotometrical1y. 

The application of the oxidation reaction of PAP by H,O, allows the 
determination of ferric ions in concentrations from 0.5 x 10-I to  4.5 x 10-I 
pglml as is shown in Fig. 8, where a reference curve is represented. 

In Table 2 the results of several determinations are given. The influence 
of several ions on the accuracy of the determination of ferric ions was 
tested and the results are given in Table 3. 

TABLE 1 
VALUES FOR ACTIVATION ENERGY CALCULATIONS 

- - 

log K* 
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FIG. 8. Working curve for iron determination (H,O, = 1.6 x M; PAP = 4 x lop3 M; 
pH = 2.62; buffer, glycine + HCI; temperature, 25 -t O.l°C; ionic strength, I = 0.1). 

SUMMARY 
The oxidation reaction of p-aminophenol by hydrogen peroxide was studied in the 

presence of ferric ions, which catalyzes it. The corresponding rate constants were 
calculated and the activation energy was determined. A method for ultramicrodetermination 
of femc ion was developed using the method of tangents. Determination of f emc  ions from 
0.5 x  10-I up to 4.5 x pg/ml is possible with a relative mean error of r 1.55%. The 
influence of several ions was also investigated. 

TABLE 2 
DETERMINATION OF Fe(II1) (CATALYST) 

d m 1  taken 
( X  lo-) 

Mean error 

Relative mean error, 1.55% 

a Each value is the mean value of three determinations. 
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TABLE 3 
INFLUENCE OF FOREIGN IONS ON THE DETERMINATION OF Fe(II1) 

Ion 
Maximum concentration which does 

not interfere (M) 

NO, 
Cu2+ 
Sn2+ 
CrO,Z- 
Ce4+ 
VO, 
Ce3+ 
W04z- 
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INTRODUCTION 
An important role in the process of adsorption is played by intermolecu- 

lar interactions between the layer surface, the examined substance 
molecules, and those of the mobile phase (I). The following are con- 
secutive stages of developing a chromatogram: (a) placing of a sample 
on an adsorbent-adsorption of a substance; (b) developing of a 
chromatogram-solvatation of a substance by means of solvent 
molecules; adsorption and desorption of the obtained system; and (c) 
stopping of the developing process, removal of the solvent molecules 
from the adsorbent surface and final adsorption of the examined sub- 
stance. One of the factors particularly responsible for the Rf coefficient 
value with a given substance is quality and the scope of intermolecular 
interactions between the mobile phase components and this substance. 

The purpose of our work was to  test intermolecular interactions be- 
tween the components of a mobile phase acetone-benzene and both 
isomeric naphthols in adsorption thin-layer chromatography. 

EXPERIMENTAL 
The ready-made glassplates (E. Merck, Darmstadt, West Germany) 

covered with silica gel G-60 (thickness of a layer, 0.25 mm) were activated 
at 110 5°C for 0.5 hr. The 0.5% solutions of isomeric a- and P-naphthol 
in toluene were placed in amounts of 10 p1 at the starting points, approxi- 
mately 2 cm above the lower edge of a plate. The mobile phase was 
composed of benzene and acetone in different volume ratios. Each plate 
was developed 14 cm high. After drying chromatograms were visualized 
in the iodine vapors (2). The obtained Rf and R, coefficient values, de- 
pending upon the volume ratio of the mobile phase, are given for a- and 
P-naphthol in Table 1. The presented Rf values were mean values taken 
from 12 measurements, with the deviation equal + 0.02 Rf units. In Fig. 1 
dependence between the Rf coefficient values of the examined naphthols 
and the volume ratio of the mobile phase is shown. Simultaneously the 
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TABLE 1 
DEPENDENCE BETWEEN THE R, AND R, VALUES AND THE 

COMPOSITION OF THE MOBILE PHASE 

Number 

The benzene - 
acetone 

volume ratio 

10:o 
9: 1 
8:2 
6:4 
4:6 
2:8 
1 :9 
0: 10 

Dielectric constant 
of a mobile 

phase 

areas of the obtained chromatographic spots were calculated depending 
upon the changing volume ratio of benzene and acetone in the applied 
mobile phases. This dependence is given in Fig. 2. The chromatographic 
investigations proved that the chromatographic spot areas and the Rf 
coefficient values of the examined naphthols depend mainly upon the 
composition and the polarity of the mobile phase. To describe the polarity 
of the applied mobile phases their dielectric constants were measured. 
They were measured with the help of decameter, type OH-302 produced 

FIG. 1 .  The R, coefficient values for a- and P-naphthol vs the volume composition of the 
benzene -acetone mobile phase (VJV,). 
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FIG. 2. The chromatographic spot surfaces of a- and P-naphthol vs the volume composi- 
tion of the benzene-acetone mobile phase (VJV,) .  

by Radelkis, Hungary. The measurements were performed at 22OC. From 
the equation €A = E ~ ~ X ,  + e2-x2 the additive dielectric constant values 
were calculated (where x ,  and x, = the molar fractions of both compo- 
nents of a system, and and ep = their dielectric constant values), and on 
this basis the deviations from additivity = E ~ x p  - €A. The obtained 
results are shown in Fig. 3 as dependences E ~ x p  = f (V$VA); €A = f 
(V$VA); AeA = f (V$VA) for the benzene-acetone systems. As shown from 
the above presented data, the greatest deviations from additivity for the 
discussed benzene-acetone systems can be observed in the following 
ranges of volume ratios: 0.5 to 0.2 (V$V,). 

Then the influence of the isomeric a -  and P-naphthol on the dielectric 
constant values has been established. For this purpose the 0.5% solutions 
of a- and P-naphthol in each mobile phase was prepared. The obtained 
results are given in Fig. 4. From the given data it can be seen that inter- 
molecular interactions between the investigated naphthols on one hand 
and the components of the mobile phase on the other are to  be traced 
starting from the volume ratio 0.4 of benzene. 

Acetone owing to its carbonyl group has satisfactory conditions to in- 
teract with the -OH naphthol group through hydrogen bonds. This en- 
abled us to run spectra of the examined naphthols in the mobile phases 
using the absorption IR spectroscopy technique. The series of the a- and 
P-naphthol solutions in benzene and acetone was prepared, preserving the 
same concentration of 0.5%. All the spectra were run using the UR-20 
spectrophotometer (Carl Zeiss, Jena, East Germany). The following 
measuring conditions were applied: optical pathway, 0.58 mm; registra- 
tion speed, 64 cm-'Imin; registration width, 20 mm.100 cm-'. 



FIG. 3. The = f (VJV,,); rA = f (V$V,,); AeA = f (V$V,,) dependences for the 
benzene -acetone systems. 

For the benzene solutions of a- and P-naphthol the narrow valency 
absorption band was observed of the monomeric hydroxyl group. Its 
maximum was with a-naphthol, F = 3541 cm-l, and with P-naphthol, 17 = 
3544 cm-l. 

In the case of the acetone solutions of a- and P-naphthol the broad 
absorption bands were observed in a wide range from 3670 to 3 100 cm-l. 
The obtained spectra from both the benzene and the acetone solutions are 
given in Figs. 5 and 6. The broad absorption band with the acetone solu- 
tions of a- and P-naphthol is connected with the valency vibrations of the 
bonded hydroxyl groups. It can be explained with interactions between 
the "acidic" hydrogen atoms from the functional group of naphthols and 
the "basic" oxygen atoms from the functional group of acetone. At the 
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FIG. 4. The dielectric constant values for the a- and p-naphthol solutions in the applied 
benzene -acetone mobile phases. 

broad absorption band due to the bonded naphthol hydroxyls a distinct 
absorption shoulder can be noticed, caused by the stretching vibrations 
of the nonbonded hydroxyls. 

As seen from the comparison of both types of spectra, with the strongly 
diluted benzene solutions one observes the discussed naphthols almost 
exclusively in the monomeric form, while with the acetone solutions they 
seem to be bonded with acetone and only some rather insignificant pro- 
portion of the molecules appears as monomers. 

The chromatographic investigations made it clear, that the R, coeffi- 
cient value of naphthols is significantly dependent on the composition of 
the mobile phase. In some defined range of the volume ratios of benzene 
and acetone the R, = flV$VA) dependence with both a- and /3-naphthol 
tending toward linearity. Deviations from linearity are to be observed 



FIG. 5. The IR spectra of a-naphthol in the range 3800 to 3 100 crn-': (a) in acetone (-, 
0.2 Mlliter); (b) in benzene (- - -, 0.2 Mlliter). Optical pathway, 0.58 mm. 

with the volume fractions of benzene (V,) equal to 0.8 and 1, and with the 
volume fraction of acetone (V,) equal to 1 .  The increasing concentration 
of acetone in a solution evokes association between the naphthol 
molecules and those of acetone. Change of the V$V, ratio values means 
simultaneously the increasing polarity of a mobile phase compared with 
the obtained associative multimers. This situation is responsible for the 
occurrence of the new equilibria between the components of the mobile 
phase, the examined naphthols, and the adsorbent surface. 

The chromatographic spot areas of a- and P-naphthol increase up to the 
benzene volume fraction equal to 0.6 and then succesively decrease. This 
fact is probably connected with the different behavior of associative mul- 
timers toward the quantitative changes of the mobile phase. 

The R, coefficient values show a rather slow but systematic decrease of 
adsorption with a- and P-naphthol. In the further course of investigations 

FIG. 6. The IR spectra of P-naphthol in the range 3800 to 3 100 cm-': (a) in acetone (-, 
0.2 Mlliter); (b) in benzene (- - -, 0.2 Mlliter). Optical pathway, 0.58 mrn. 
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it has been established that the R, = f (VA/VB) functions for a- and 
/3-naphthol in the entire range of concentrations have the parallel course. 
The a-naphthol R, values are higher than those of the 6-isomer. It is 
caused by the better adsorption of 6-naphthol on silica gel. 

On the basis of the performed chromatographic, dielectric, and IR mea- 
surements it can be stated that in the case of a mobile phase composed 
exclusively of benzene the investigated naphthols occur mainly as  
monomers. The a- and 6-naphthol monomers should in such a case be 
adsorbed directly on silica gel, due to the high polarity of SiO,. The 
mobile phase including acetone is responsible for forming the associative 
system acetone-naphthol, which most probably is going to  be adsorbed 
on a layer according to the following scheme: 

With the systematic increase of acetone concentration in the applied 
mobile phases the effectiveness of interactions between the molecules of 
naphthol and acetone also increased, which was demonstrated by measur- 
ing the dielectric constant values with systems composed of a given 
naphthol, acetone, and benzene. 

The described method can help to qualitatively evaluate intermolecular 
interactions in chromatographic systems, and, more precisely, the in- 
teractions between mobile phase and the separated compounds. 

SUMMARY 
The purpose of our work was to investigate intermolecular interactions between the 

components of a mobile phase (acetone-benzene) and the isomeric naphthols. On the basis 
of chromatographic, dielectric, and IR measurements it was established that with the mobile 
phase composed exclusively of benzene the a- and P-naphthol occurred mainly as mono- 
mers and were directly adsorbed on silica gel throughout the whole chromatographic process. 
With the increase of acetone concentration in the applied mobile phases the effectivity of 
intermolecular interactions between the a- and P-naphthol molecules and those of acetone 
also increased. The described method can help give approximate evaluations of intermolecu- 
lar interactions in the chromatographic systems composed of the mobile phase and separated 
substances. 
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INTRODUCTION 
Most of the reagents proposed for the spectrophotometric determina- 

tion of vanadium(V) are extractive-photometric reagents. The deficien- 
cies of many of these reagents are narrow ranges of determination, 
lengthy procedures, and interference by common ions (5, 9, 14). For 
example, 4-(2-pyridylazo)resorcinol(5) was proposed as the most sensi- 
tive reagent in the narrow range of 0.04 to 1.0 ppm. The reagent absorbs 
strongly at the wavelength of the maximum absorption of the complex. In 
addition, it does not tolerate the presence of uranium(VI), niobium(V), 
titanium(IV), and zinc(I1). 2-(3,5-Dibromo-2-pyridylazo)5-dimethylamino 
phenol(9) cannot be used in the presence of iron(III), chromium(III), cop- 
per(II), and titanium(1V). CMethoxy benzothiohydroxamic acid(l4) is not 
satisfactory in the presence of niobium(V), molybdenum(VI), iron(III), 
and titanium(1V). In the present investigation the authors studied the 
reaction of promethazine hydrochloride (PH), 10-(2-dimethyl- 
aminopropy1)phenothiazine hydrochloride, with vanadium(V), and pro- 
posed PH as a sensitive reagent for the spectrophotometric determina- 
tion of vanadium(V). The proposed method offers the advantages of 
simplicity, selectivity, high sensitivity, wider range of determination, and 
reasonable stability without the need for extraction or heating. 

EXPERIMENTAL 
Reagents 

Vanadium(V) solution. A stock solution of vanadium(V) was prepared 
from sodium metavanadate in doubly distilled water and standardized 
against a standardized iron(I1) solution. The stock solution was further 
diluted to give a standard solution of 25 pglml. 

PH solution. A 0.2% aqueous solution of PH was prepared and stored 
in an amber bottle in a refrigerator. 
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Diverse ions. Solutions of the diverse ions of suitable concentrations 
were prepared using analytical grade reagents. 

Apparatus 
Beckman Model DB spectrophotometer with 1-cm silica cells, from 

Beckman Instruments, Inc., Fullerton, Calif., was used for absorption 
measurements. 

Standard Procedure 
An aliquot of the stock solution containing 2.5 to 175 pg of vana- 

dium(V), 12 ml of 13 M phosphoric acid, and 3 ml of 0.2% PH solution 
was taken in a 25-ml volumetric flask, and the solution was diluted to the 
mark with doubly distilled water. The solution was mixed well, and the 
absorbance was measured at  517 nm against a reagent blank prepared in 
the same manner. The amount of vanadium in the sample solution was 
then deduced from the standard calibration curve. 

RESULTS AND DISCUSSION 
PH is oxidized by vanadium(V) in sulfuric, hydrochloric, or phosphoric 

acid medium to  a red-colored species believed to be a radical cation (7, 8, 
10). The red color is not stable either in sulfuric or hydrochloric acid 
medium. The reagent gives full development of red color instantaneously 
at room temperature (27 + 1°C) in 6.0-7.5 M phosphoric acid solutions as 
shown by the constancy of A,,,. The absorbance of the red-colored 
species remains constant for 35 min. The maximum color intensity is not 
observed below 6.0 M phosphoric acid. The reagent is slowly oxidized in 
a phosphoric acid concentration higher than 7.5 M. An acid strength of 6.5 
M phosphoric acid has been chosen for all further work. 

Spectral Characteristics 
The red-colored species which appears to be an intermediate oxidation 

product of PH exhibits an absorption maximum at 516-518 nm (Fig. 1). 
The absorption spectra of the reagent and vanadium(V) under similar 
conditions show that they do not absorb around this wavelength, thus 
promoting an excellent analytical condition. 
Effect of Reagent Concentration 

The effect of reagent concentration has been examined by measuring 
the absorbance at 517 nm of solutions containing 2 pg  of vanadium(V) and 
various amounts of PH. A 16-fold excess of the reagent is necessary for 
the full development of red color. Addition of more reagent has no effect 
on the absorbance reading. 

Sequence of Addition of Reagents 
There is no appreciable change in the absorbance if the order of addi- 

tion of reactants is varied. 
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FIG. 1. Absorption spectra of vanadium(V), reagent blank, and the red-colored species in 
6.5 M phosphoric acid. (1) Red-colored species vs reagent blank [concentration of V(V) = 4 
LLg/ml]. (2) Red-colored species vs reagent blank [concentration of V(V) = 2 pg/ml]. (3) 
Reagent blank vs water. (4) Vanadium vs water [concentration of V(V) = 4 pg/ml]. 

Effect of Temperature 
The absorbance values are insensitive to temperature in the range of 10 

to 65OC. 

Adherence to Beer's Law and Optimum Concentration 
Beer's law is obeyed in the range of 0.1 to 7.0 ppm of vanadium. The 

optimum concentration range for the effective spectrophotometric deter- 
mination of vanadium by Ringbom's method (2, 12) is 0.5 to 7.0 ppm. 

Precision and Accuracy 
The precision and accuracy of the method have been studied by analyz- 

ing solutions containing known amounts of vanadium. The results are 
presented in Table 1. 

Sensitivity and Molar Absorptivity 
For log ( Id0  = 0.001, the sensitivity of the reaction as calculated from 

Beer's law data is 0.005 pg cm -2, and the molar absorptivity is 9.60 x 103 
liter mol-I cm-I at 517 nm. 



TABLE 1 
PRECISION AND ACCURACY 

Vanadium (V) (pprn) 
No. of error Range 

Experiment determinations Taken Found % )  s D  ( P P ~ )  ( P P ~ )  

PH is superior to the most sensitive reagents (5, 9, 14) in that it selec- 
tively reacts with vanadium(V) in the presence of large amounts of 
uranium(VI), titanium(IV), zinc(I1) , copper(II), iron(III), chromium(III), 
and molybdenum(V1) and enables very rapid determination of vana- 
dium(V). It is more sensitive than N-phenyl-3-styryl-acrylohydroxamic 
acid (4), 2-naphthohydroxic acid (3), m-nitro-N-phenylbenzohydroxamic 
acid(1 I ) ,  N-p- tolyl-2-flurohydroxamic acid(1) , Tropolene [2-hydroxy 
cyclohepta-2,4,6-trien- 1 -one](l3), and 3-hydroxy- l,3-diphenyltriazin(6) 
which have been proposed as sensitive reagents. 

Effect of Diverse Ions 
To assess the possible analytical applications of this colored reaction, 

the effects of some ions which often accompany vanadium have been 
studied by adding different amounts to 2 pgtml of vanadium in solution. 
The color is developed as outlined in the procedure. An error of 2% in the 
absorbance reading is considered tolerable. The following amounts (pg/ 
ml) of foreign ions are found to give less than 2% error in the determina- 
tion of 2 pg/ml of vanadium: Ni(II), 520; Cu(I1) , 260; Co(I1) , 100; Fe(III), 
600; Fe(III), 3000 (in presence of 150 mg of citrate); Cd(II), 1600; Hg(II), 
1000; Cu(II), 6800; Mg(II), 500; Be(II), 3200; Mn(II), 800; Al(III), 950; 
Mo(VI), 1500; W(VI), 80; U(VI), 920; Zr(IV), 820; Zn(II), 800; Sn(IV), 
5000; V(IV), 1000; Cr(III), 150; fluoride, 7200; chloride, 2800; bromide, 
3800; iodide, 0.2; nitrate, 3500; sulfate, 15000; thiosulfate, 0.5; oxalate, 
5000; tartrate, 6000; citrate, 6000; and EDTA, 450. Cations such as 
Cr(VI), Ce(IV), and Fe(I1) interfere in all concentrations. The major ad- 
vantage is that iron(II1) which is associated with vanadium steel is toler- 
ated up to 3000 ppm in the presence of phosphoric acid and citrate ions. 

Analysis of Vanadium Steel 
The composition of vanadium steel supplied by Guest Keen Williams 

Ltd., Howrah, is 0.54% C, 0.89% Mn, 0.018% S, 0.034% P, 0.33% Si, 
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1.02% Cr, and 0.13% V. The vanadium steel, heat No. 6-4828, 58 CrV,, 
supplied by Hindustan Steel Ltd., Durgapur, has the composition of 
0.62% C, 0.86% Mn, 0.033% P, 0.01 1% S,  0.29% Si, 1.12% Cr, 0.12% Mo, 
0.14% Ni, 0.017% Al, and 0.09% V. The two samples were analyzed for 
vanadium by the method described below. 

Procedure. About 0.5 g of vanadium steel was accurately weighed into 
a covered 250-ml beaker and treated with 15 ml of 10 N sulfuric acid, 2 ml 
of syrupy phosphoric acid (sp.gr., 1.75), and 1 ml of concentrated nitric 
acid. When the initial brisk reaction had subsided, the solution was boiled 
for 2 to 4 min to expel the oxides of nitrogen. The solution was cooled and 
diluted to about 50 ml with doubly distilled water. A 0.1 N potassium 
permanganate solution was added dropwise until the solution just ap- 
peared pale pink. The solution was left aside for about 5 min, and 0.01 N 
oxalic acid solution was added slowly with stirring until the pink color of 
the solution disappeared. The solution was transferred into a 100-ml vol- 
umetric flask and diluted to the mark with doubly distilled water. A suit- 
able aliquot portion of the solution and 150 mg of sodium citrate were taken 
in a 25-ml volumetric flask. The solution was then treated, and absor- 
bance was measured as in the standard procedure. 

The precision and accuracy of the method have been studied by analyz- 
ing (six times) the two sample steels. The results are presented in Table 2. 
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SUMMARY 
Promethazine hydrochloride forms a red colored species with vanadium(V) in 6.0-7.5 M 

phosphoric acid. A 16-fold molar excess of the reagent is necessary for full development of 
color intensity. Beer's law is valid over the concentration range of 0.1-7.0 ppm. The 
optimum concentration range as evaluated by Ringbom's method is 0.5-7.0 ppm. The 

TABLE 2 
DETERMINATION OF VANADIUM IN VANADIUM STEEL 

Certified 
value of Vanadium Relative 

Steel No. of vanadium found error SD 
sample determinations (%) (%) (%) (%I 

Heat No. 6 0.090 0.091 +1.1 0.002 
6-4828, 
58 CrV, 

Vanadium 6 0.130 0.132 +1.5 0.0018 
steel, Guest 
Keen Williams 
Ltd. 



sensitivity of the reaction is 0.005 pg  cm-2 and the molar absorptivity is 9.60 x 103 liter mol-I 
cm-' at 517 nm. The effects of acidity, time, temperature, order of addition of reagents, 
reagent concentration, and the interferences from various ions were reported. Vanadium in 
vanadium steel containing chromium, molybdenum, manganese, and nickel was determined. 
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INTRODUCTION 

Inconsistent values of stability constants KAD have been reported for 
the complexes of CCl, and hexamethylbenzene by different workers. 
Weimer and Prausnitz (17) obtained the value of 0.64 liter mol-I. While for 
the same system, a smaller value (0.02 liter mol-I) has been reported by 
Doerr and Buttgereit (5). Rosseinsky and Kellawi (15) have obtained a 
value (0.55 liter mol-') close to that of Weimer and Prausnitz. The re- 
ported KAD values for this system (0.64 and 0.55 liter mol-') are large 
compared to the systems where CCl, has formed complexes with other 
aromatic compounds (3). Deranleau (4) and Person (13) have emphasized 
a concentration region which should be regarded to obtain accurate val- 
ues of stability constants from spectroscopic measurements. In CCl,, 
hexamethylbenzene system the concentrations used were not suff~ciently 
high and thus their accuracy are open to question. Shortcomings have 
also been noted in the equations used to  evaluate the KAD from the spec- 
troscopic measurements (7). Thus the disagreement in the reported 
results could partly be due to erroneous evaluation of KAD from these 
equations. 

Choosing the concentrations in the proper region, we studied the 
system of hexamethylbenzene, CCl, by UV and NMR spectroscopy. An 
equation was derived to correlate the NMR and UV results and to calcu- 
late the KAD. 

EXPERIMENTAL AND RESULTS 
The solution preparation and experimental procedure in NMR mea- 

surements have been described in an earlier work (12). In this work the 
proton chemical shift (6) of hexamethylbenzene was measured against 
TMS and n-hexane as  the internal references for solutions of different 
concentrations of CCl, in n-hexane. The results are reported in Table 1 .  

UV measurements were done with a Pye Unicam sp 1700 spectro- 
photometer. The spectra of the solutions showed evidences of complex 
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TABLE 1 
NMR AND UV RESULTS FOR HEXAMETHYLBENZENE (A), CC14, n-HEXANE SYSTEM 

- - 

Chemical shift (Hz) 

Concn (mol liter-') 
Absorbance TMS n-hexane 

A D (A = 243 nm) (INT) (INTI 

formation around the wavelength 243 nm. The absorbance measurements 
were done at this wavelength. The results are reported in Table 1. 

DISCUSSION 
For the complexing reaction of the form 

the measured chemical shift (6) is the population average of the shift due 
to pure A (6,) and the shift of pure complex A D  (aAD) in all solutions 
according to the following equation (8). 

where the symbols A, D ,  and A D  were used to represent hexamethylben- 
zene, CCl,, and complex, respectively. The symbols in the square brack- 
ets are the concentrations which are related to the stability constant KAD 
by the equilibrium expression: 

The measured absorbance (A) of the solutions is also related to the 
concentrations of A,  D, and A D  in the following manner (14): 
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where the ES are the molar absorbancies and I is the cell length. 
For the cases where [D], > > [A], from a combination of Eqs. (1) and 

(2), for treatment of NMR results, or Eq. (2) and more simplified form of 
Eq. (3) for treatment of UV results, various equations have been derived 
(6). These equations, which are based on the simple linear relationships, 
have been used to evaluate KAD. The results have shown that KAD's ob- 
tained from NMR and UV did not agree with each other. It seems in most 
cases the disagreement is centered around the problem of separating the 
products of KAtD in UV measurements and KAD(GA - aAD) in the NMR 
measurements (7). 

To avoid this problem in the system we studied, an equation was de- 
rived by substituting for [AD], from Eqs. (1) and (3) in Eq. (2) to obtain: 

where A = 6, - 6 and AAD 6, - GAD. According to Eq. (4), a plot of the 
left-hand side of this equation against the values of [ D ] ~ A  should be 
linear and KAD and AAD are evaluated from intercept and slope, respective- 
ly. Use of Eq. (4) has the following advantages: (i) it is not necessary that 
[D], >> [A], and can be used under any condition, and (ii) KAD can be 
calculated from it, directly without recourse to extrapolation to infinite 
concentration. 

To treat the results, a computer program was used which calculated 
the left-hand side of Eq. (4) for insert values of dD and then they were 
examined in Eq. (4) to find the best straight line. Table 2 shows excellent 
agreement between the KADs for the two reference. 

In our calculations of KAD the molarity concentration unit was used. A 
great deal of work has been done to examine which concentration unit is 
correct for the spectroscopic studies of the stability constants (9 -11, 16). 
Theoretically it can be suggested that molarity is a correct concentration 
unit. Since from the theory of electronic and vibrational absorption (I), 
and kinetic considerations of chemical equilibria1 (18), it seems that the 

TABLE 2 
STABILITY CONSTANTS (KAD), EVALUATED FOR THE 

HEXAMETHYLBENZENE, CC14, n-HEXANE 

TMS (INT) n-hexane (INT) 

KAD (liters mol-I) 0.412 0.424 
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most appropriate unit for expressing the concentrations are molarities. In 
NMR studies also, the way in which Eq. (1) originates suggests that 
molarities are the correct units (2). 

SUMMARY 
An equation has been suggested which correlate the NMR and UV results to evaluate 

the stability constant of electron donor acceptor complexes. Using this equation the stability 
constant of complexation between carbon tetrachloride and hexamethylbenzene has been 
studied by UV and NMR spectroscopy. 
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INTRODUCTION 
In our laboratory, determinations of a-amylase activity in crude en- 

zyme preparations from numerous small leaf samples were needed. The 
method of Abbott and Matheson (I) for determining a-amylase activity 
from tobacco leaves was tested with cotton leaves and rejected. The 
amount of residual starch unaffected by the enzyme was determined by 
the procedure of Shuster and Gifford (8). Components in the crude en- 
zyme preparation interfered with the formation of a complex between 
iodine and the substrate polymer. As a second trial, the phenolics were 
separated from the cotton leaf homogenate by use of a column of Bio-gel 
P-60' eluted with borate buffer (0.2 M, pH 7.6). The activity of enzyme 
without phenolics was assayed in the presence of calcium acetate (0.2 M). 
Calcium is known to activate a-anylase activity (3). The amount of poly- 
mer hydrolyzed by the enzyme was determined in a way similar to the 
previous experiments. Under these conditions, a-amylase activity could 
not be detected from 5 g of fresh cotton leaves (the top leaves of a plant 60 
days old). A substrate which was specific for the enzyme and also sensi- 
tive enough to detect the low activity of a-amylase was needed to over- 
come these difficulties. 

Amylopectin-azure (a product of Calbiocheml) is a bona fide substrate 
for amylase. The blue dye, azure, is covalently labeled with the primary 
hydroxyl group of the polymer. This dye is not released by P-amylase or  
phosphorylase, but is specifically freed by the enzymatic action of 
a-amylase (5). The use of amylopectin-azure for determining the low ac- 
tivity of enzyme from phenolic-rich plant tissues, e.g., cotton leaves (6) ,  
has not been reported. 

The purposes of this paper are: (a) to  present the procedures for deter- 
mining a-amylase activity with amylopectin-azure; (b) to demonstrate a 
successful measurement of the activity with a minute amount of protein 
(about 25 pg); and (c) to present evidence that interfering substances in 

' Mention of a specific trade name is made for identification only and does not imply 
endorsement by the United States Department of Agriculture. 
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the crude preparation did not influence enzyme activity due to  substrate 
specificity. 

MATERIALS AND METHODS 
Glandless cotton plants (Gossypium hirsutum L., cv. Coker 100) were 

raised as previously described (4). 

Reagents 
Sodium chloride, 0.02 M. 
Calcium chloride, 0.1 M. 
Ammonium sulfate, powder. 
Calcium acetate buffer, 0.05 M, pH 5.2. 
Mercaptoethanol. 
Amylopectin-azure. 
Sodium phosphate buffer, 0.02 M, pH 7 .0 .  

Procedure 
(a) Preparation of crude enzyme solution. Weigh 5 to 7 g of fresh cotton 

leaves and cut into small pieces of about 1 cm2. Homogenize the material 
in 0.02 M NaCl solution (3 mug fresh weight) for 3 min at  35% of full speed 
by use of a Sorvall mixer.' Strain the homogenate through two layers of 
cheesecloth. Centrifuge the filtrate at 37,000g for 10 min. Add 0.1 M CaCl, 
to the decanted supernatant ( 1  ml of CaC1,/9 ml). Adjust the pH of the 

Volume of crude alpha-amylase (ml) 

FIG. 1. (A) Effect of partially purified enzyme concentration on the linearity of a-amylase 
activity in the presence of amylopectin-azure. Enzyme assay conditions were the same as 
those described in the text. (B) Effect of partially purified enzyme concentration on the 
activity determined in the presence of soluble starch by the procedure of Shuster and Gifford 
(8) .  
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mixture to 7.0 with 0.5 M NaOH. Heat the samples at 70°C for 20 min in a 
water bath, then cool in ice for 10 min (I). Centrifuge the mixture at 12,000g 
for 20 min. Lyophilize the decanted supernatant. Dissolve the powdered 
sample in about 5 ml of water. Precipitate protein by the addition of one 
volume of saturated ammonium sulfate. After centrifugation, dissolve the 
residues in 2 to 3 ml of 0.1 M CaCl,. Dialyze the partially purified enzyme 
sample overnight against a solution composed of 0.05 M calcium acetate 
at pH 5.2 containing mercaptoethanol (10 dropslliter). Centrifuge the 
dialysate (27,000g for 7 min), and use the supernatant for the enzyme 
assays. 

(b) Assay for a-amylase activity. Weigh 30 mg of amylopectin-azure 
into a container. Add 1 ml of 0.02 M sodium phosphate buffer, pH7, con- 
taining 0.015 M NaC l(7). Add also 1 ml of crude enzyme preparation. Stir the 
mixture 10 times only (5 sec) with a glass rod for a uniform suspension. 
Place the container of assay suspension in a shaker at 37°C. Shake for 10 
min. Add 0.5 ml of concentrated glacial acetic acid to stop enzyme action. 
Centrifuge the mixture (12,000g for 10 min). Pipet out the small volume of 
supernatant. Read the blue color intensity of the sample at 595 nm after 5 
min. Blank is prepared similarly but with dialysis solution instead of en- 
zyme. Enzyme activity is expressed by units of optical density for absor- 
bance at 595 nm per 10 min per mg protein. 

0 1 2 3 4 ( A u t h e n t i c )  
0 10 20 30 40 (Crude) 

P r o t e i n  (ug) 

FIG. 2. Effects of crude a-amylase activity on purified authentic a-amylase (Calbiochem'). 
(A) Activity of purified authentic a-amylase; (B) activity of crude enzyme from cotton 
leaves; (C) activity of the mixture prepared with the equal parts of (A) and (B). Assay 
conditions were the same as those described in the text. 
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RESULTS AND DISCUSSION 
As shown in Fig. 1, the activities of various crude enzyme dilutions 

were found to be linear up to  the level of about 1.3 optical density units for 
absorbance at 595 nm (A). In these experiments, each volume of sample 
contained not only increasing amounts of enzyme, but also increasing 
amounts of interfering substances. The latter substances did not influence 
the linearity by various enzyme concentrations. Such a linearity was 
achieved by the substrate specificity in the presence of interfering sub- 
stances. This was evidenced by the fact that the assay with similar crude 
enzyme preparations in the presence of soluble starch by the procedure of 
Shuster and Gifford (8) failed to detect the activity (B). This indicates that 
the enzyme preparations contained some interfering substances which 
were firmly associated with the final samples and inhibited the formation 
of a complex between the residual substrate and iodine, although the 
enzyme preparations were partially purified. 

As shown in Fig. 2, addition of the crude enzyme preparation to the 
purified authentic a-amylase (Calbiochem) resulted in a curve of enzyme 
activity that was almost additive and linear. The data demonstrate that the 
crude preparation did not seriously influence the enzyme activity of pure 
enzyme. 

As shown in Fig. 3, the proposed procedures successfully determined 
activities of the crude enzyme protein (a minimum of about 25pg) from 5 g 
at each of the various leaf levels of plants 60 days old. However, the assay 
procedures by Shuster and Gifford (8) detected only one-half the mag- 
nitude of activity by this proposed method and therefore failed to deter- 
mine the activities for the top five leaf levels. 

The level of calcium required for maximum enzyme stability was ap- 

- 
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u ~ e a f  levels above cotyledons 

FIG. 3. Distributions of a-amylase activity and protein in various leaf levels of cotton 
plants 60 days old. (A) Activities by the proposed procedures; (B) activities assayed by the 
procedures of Shuster and Gifford (8) after phenolics were removed; (C) protein levels 
determined from each assay volume by the procedure of Bio-Rad' Technical Bulletin 1051 
(2). Assays for (A) or (B) were conducted with similar volumes of 2 ml. 
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FIG. 5. Extractibility of enzyme protein from cotton leaves. Total protein was extracted 
from 5 g of fresh cotton leaves in 0.02 M sodium chloride solution. Extractions were per- 
formed until the activity was constant. 
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FIG. 4. Effects of various calcium concentrations on a-amylase activity. Activities were 
determined from 5 g of fresh cotton leaves according to the procedure described in the text. 
Calcium chloride was added to the supernatant after centrifuging the leaf homogenate in 0.02 
M sodium chloride solution. 
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proximately 15 rnM (Fig. 4). At least three extractions with sodium 
chloride (0.05 M) solution were required to remove the maximum amount 
of enzyme protein (Fig. 5). 

The present procedure overcomes the interferences which are firmly 
associated with the partially purified enzyme preparations, due to the 
substrate specificity for a-amylase. This procedure can also determine 
activities from many small leaf samples with a high sensitivity. Applica- 
tion of this method to other leaf materials would not be difficult since 
cotton leaves are known to contain higher polyphenolics than most of the 
other plant sources (6). 

SUMMARY 
a-Amylase activity from phenolic-rich plant tissues is successfully determined with an 

amylopectin-azure substrate. This procedure, due to the substrate's specificity for 
a-amylase, overcomes the effects of the interfering substances firmly associated with en- 
zyme preparations. The procedure is more sensitive than the assay for activity with iodine 
solution. 
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INTRODUCTION 
Doetsch and Gadsden have described a method for the determination of 

urinary total protein which is claimed to be both specific and sensitive (3, 
4). This procedure requires two gel filtration steps: a preliminary one 
performed on the urine sample itself and a second one at a later stage to 
remove excess copper ions. Eventually, copper ions which have been 
complexed by peptide bonds are measured with the use of diethyl- 
dithiocarbamate. Subsequent to the publication of this method, two other 
urinary total protein procedures have been described which are based on 
the dye-binding properties of proteins (7, 8). The method of Meola et al. 
(8) involves the adsorption of urinary protein onto cellulose powder fol- 
lowed by measurement of the amount of Ponceau S dye which is bound by 
the adsorbed protein. The method described by McIntosh (7) is based on 
that originally described by Bradford (I) and depends on the shift of the 
wavelength of adsorption which occurs when Coomassie Brilliant Blue 
G250 binds to protein. Both the cellulose-dye (CD) method and the 
Coomassie blue (CB) method are more amenable to routine use than the 
gel filtrationlmodified biuret (GFB) procedure. In theory, the GFB deter- 
mination should be more accurate than the dye-binding methods since 
peptide linkages are being measured rather than the variable content of 
basic amino acid residues; and, indeed, this procedure has been published 
as a "Selected Method" (3). We were interested in assessing the accuracy 
of the two dye-binding methods by comparing the values generated by 
them with those given by the GFB procedure. We also wished to deter- 
mine the relative freedom of all three procedures from some commonly 
encountered interferences. 

MATERIALS AND METHODS 
All three urinary protein procedures were standardized similarly with 

the use of a protein standard solution containing 5.0 g human albumin and 
3.0 g human globulin per 100 ml (Protein Standard Solution, #540-10, 
Sigma Chemical Co., St. Louis, Mo.). A stock standard was made by 

56 
0026-265)(/79/010056-06$01.00/0 
Copyright @ 1979 by Academic Press, Inc. 
A11 rights of reproduction in any form reserved. 



MEASUREMENT OF PROTEIN I N  URINE 57 

diluting this solution to a final concentration of 800 mg/liter with NaCl 
solution (9 dliter). Working standards were prepared fresh by dilution of 
the stock solution to 100, 200, or 400 mg/liter with NaCl solution. 

The GFB and CB procedures were performed exactly as described (1, 
3, 4, 7). The CD method (8) was modified to increase sensitivity with 
normal clinical specimens by use of 2.0 ml of sample and 0.25 ml of 
Ponceau S Fixative Dye solution. In the final step, dye bound to protein 
was eluted from the cellulose with 4.0 ml of 0.2 N NaOH. 

Bovine serum albumin (BSA), ovalbumin, carbonic anhydrase, 
/3-lactoglobulin, and lysozyme were obtained from Isolab, Inc., Akron, 
Ohio (Protein Calibration Kit, GE-66). Coomassie blue (Brilliant Blue G) 
and ovomucoid were Sigma products. Disodium carbenicillin and di- 
sodium ticarcillin were laboratory assay standards from Pfizer, Inc. (J. B. 
Roerig Div., New York, N.Y.) and Beecham Labs. (Bristol, Tenn.), re- 
spectively. Sodium cephalothin, cefazolin sodium, and sodium cephalexin 
are products of Eli Lilly & Co. (Indianapolis, Ind.). Bovine pancreatic 
polypeptide (BPP) and procine C-peptide were gifts of Dr. R. E. Chance 
of Lilly Research Laboratories. Ortho Control Urine I1 (Ortho Diagnos- 
tics, Inc., Raritan, N.J.) was used as a control throughout this study. 

RESULTS 
Table 1 shows the analytical results obtained when 20 fresh urine sam- 

ples from apparently healthy individuals were analyzed by all three meth- 
ods. These values indicate that the two dye-binding methods provide 
roughly equivalent results which are appreciably lower than those given 
by the GFB procedure. In a separate experiment, another 23 urines were 
analyzed by the CB and GFB methods only. The results further confirmed 
the relationship between the two procedures with the CB method always 
producing markedly lower values than the GFB determination. Since we 
regard the GFB method as our standard for assessing accuracy (and, 
therefore, as providing the "true" values in Table I), the dye-binding 
procedures underestimate the protein concentration in urine specimens 
obtained from normal individuals. 

Table 2 lists the responses given by solutions of specific pure proteins 
when assayed by the three systems. The purpose of this investigation was 
to evaluate the accuracy with which proteins of varying amino acid com- 
position, carbohydrate content, and molecular weight would be measured 
by the dye-binding procedures as compared to a method (GFB) which is 
specific for peptide bonds. For these observations, the various proteins 
were dissolved in NaCl solution (9 g/liter) to provide a final concentration 
of 200 mdliter (with the exception of the porcine C-peptide which was 100 
mglliter). These results show that considerable differences in response 
exist among the three procedures for the various protein species. There 
are even appreciable differences between the two dye-binding methods 
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TABLE 1 
VALUES OBTAINED BY CD AND CB METHODS COMPARED TO THE GFB PROCEDURE 

Urinary total protein (mglliter) 

CD CB GFB 

N 
x 
Slope 
Y intercept 
Correlation coefficient 

with the CD procedure giving the higher results. The values given by BSA 
indicate that recovery of this protein by the GFB method under these 
conditions is not 10W0. This has been noted before for this method (4) 
with recoveries for various proteins reported to range from 82-95%. Our 
experience has been (as the results in Table 2 show) that we frequently see 
somewhat lower recoveries with this particular assay. 

Table 3 gives the results obtained by the three urinary protein proce- 
dures when selected chemical compounds are individually added to a 
urine sample prepared by pooling urine from normal individuals. The 
drugs chosen for testing were selected because they are frequently admin- 
istered and then subsequently excreted in high amounts. These observa- 
tions were made in an attempt to assess the relative freedom from inter- 
ference of the methods. The results obtained indicate that there appears to 
be no considerable difference between the two dye-binding procedures 
and that both are free from marked interference by the substances tested. 
On the other hand, carbenicillin, ticarcillin, cephalexin, and, to a lesser 
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TABLE 2 
VALUES GIVEN BY THE THREE METHODS WITH SPECIFIC PROTEINS 

CB CD GFB 

MW Urinary total protein (mg/liter) 

BSA 
Lysozyme 
Carbonic anhydrase 
Ovalbumin 
8-Lactoglobulin 
Ovomucoid 
BPP 
C-peptide 
Controld 

a Mean (SD), six determinations. 
Mean, two determinations. 
Mean (SD), three determinations. 
Ortho urine control, diluted 3 x with NaCl (9 glliter). 

extent, cefazolin and cephalothin interfere markedly with the GFB 
method at the concentrations listed. 

DISCUSSION 
The results of Table 1 show that for urines having relatively low protein 

concentrations, both dye-binding methods give values for total protein 
which are appreciably lower than those given by the GFB procedure even 
though all three assays are standardized identically. This observation 
prompted us to perform a simple recovery study in which known amounts 
of Sigma Human Protein Standard were added to a pool of urine collected 
from normal individuals. In this instance, the protein concentration of the 
pool was 130 mglliter when measured by the CD method and 200 mglliter 

TABLE 3 
INTERFERENCE BY SELECTED COMPOUNDS WITH THE THREE URINE PROTEIN PROCEDURES 

CB CD GFB 

Compound (mg/ml) Urinary total protein (mglliter) 

Urine pool 220 200 270 
Carbenicillin (30) 275 170 a - 

Cefazolin ( 10) 230 180 360 
Cephalothin (10) 235 180 3 50 
Ticarcillin (30) 250 180 a - 
Cephalexin ( 10) 220 200 a - 
Salicylate (4.0) 240 190 245 
Caffeine (6.5) 210 200 210 

a Absorbance too intense to measure. 
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by the GFB procedure. Sufficient protein was added to produce incre- 
ments of 40, 80, 120, 160, and 320 mgtliter. Recoveries ranged from 95 to 
105% for both the CD and GFB assays. Thus, in this experiment added 
albumins and globulins were detected similarly and completely by both 
methods. When we analyzed urine samples which had very high protein 
concentrations and which required dilution five- or ten-fold to achieve 
concentrations such as in Table 1, we found nearly identical results for all 
three assays. In other words, dilution of these samples obliterated the 
discrepancy between the dye-binding and GFB methods. This indicated to 
us that albumins and globulins react similarly in all three methods but that 
there exist constituents which form a large percentage of the total protein 
composition of normal urine which are not detected equally by all three 
assays. In urines with abnormally high protein concentrations, albumins 
and globulins would most likely predominate and overshadow these com- 
ponents, and we might expect to see equivalent results with all three 
procedures. Such a component which forms a large fraction (> 25%) of 
the protein of normal urine is the mucoprotein of Tamm and Horsfall 
(uromucoid) (9) which has a carbohydrate content of 28%. The results of 
Table 2 indicate that various proteins give different responses with the 
three procedures and that ovomucoid [which is similar to uromucoid in 
that it has a carbohydrate content of 20% (6)] is measured especially 
poorly by both dye-binding methods. With urines of low protein concen- 
trations (i.e., normal urines), it would seem logical that the GFB method 
would be more accurate since the type of measurement it affords (peptide 
bonds) should be less subject to error than methods which are influenced 
by relative percentages of basic amino acid residues or by carbohydrate 
content. For this reason, the normal ranges for the dye-binding methods 
would be expected to be somewhat less than for the GFB method al- 
though similar values have been reported tentatively (3, 7). 

It is worthy of note that BPP (5) and porcine C-peptide (2) (4,226 and 
2,744 MW, respectively) are both detected in the GFB procedure even 
though a preliminary gel fdtration step with Sephadex G 50-80 is per- 
formed. The detection of low-molecular weight material by this method 
has been noted (4). Procine C-peptide [which contains no residues of basic 
amino acids (2)] gives no response with the CD method. 

The results given in Table 3 indicate that the problem of interferences is 
less with the dye-binding methods than with the GFB procedure. This 
observation has been repeated several times with different lots of 
Sephadex G 50-80 having been used. Under these conditions, it would 
appear that the gel columns may be overloaded. Perhaps this problem can 
be circumvented by using sample volumes less than the 1.0 ml recom- 
mended (3). 

We feel that both the CD and CB methods are suitable for routine 
clinical use. The day-to-day C.V.s for these two methods are similar at a 
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protein concentration of about 1000 mglliter (7, 8). Although neither 
method was affected by the interferants we studied, the CD procedure 
would probably be generally safer in this regard since adsorption and 
washing steps are performed rather than a direct urine assay. The results 
of Table 2 also show that the CD procedure gives greater responses with 
the various proteins than the CB method. Although the dye-binding as- 
says will give lower results with urine samples having normal or some- 
what above normal protein concentrations than the GFB method, it is 
unlikely that significant proteinuria would be missed by these procedures. 
Both dye methods seem remarkably free from interferences relative to the 
GFB procedure, a fact which is surprising because the latter involves a 
preliminary gel filtration step. Since peptides are also detected by the 
GFB procedure, there would seem to be no basis to prefer this assay over 
a dye-binding procedure to avoid detecting these substances. 

SUMMARY 
Two dye-binding methods for the determination of urinary total protein concentration 

have been compared to a biuret-based procedure requiring a preliminary gel filtration step. 
The biuret-based procedure is claimed to be both specific and sensitive for the measurement 
of protein in urine. With those urines having relatively low protein concentrations, the 
dye-binding methods provide values about one-half of those given by the modified biuret 
procedure. This difference disappears when urines containing high levels of protein are 
measured. The lower results obtained at normal protein levels are most likely caused by the 
inability of dye-binding methods to measure proteins of high carbohydrate content (such as 
uromucoid) accurately. In spite of this limitation, both dye-binding methods appear suitable 
for routine use. In contrast to the biuret-based procedure, we found the dye-binding methods 
to be free from interferences by compounds known to appear in urine in high concentrations. 
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INTRODUCTION 
Since the introduction of the Thermal Energy Analyzer (TEA) by 

Thermal Electron Corporation, numerous authors have published mate- 
rial (I -7) on the quantitation of nitrosoamines (NAs) in various matrices, 
i.e., air, water, soil, cosmetics, cutting fluids, etc. The published material 
generally addresses the liquid chromatographic or gas chromatographic 
parameters which were established for the particular determination being 
reported without alluding to operation parameters of the TEA. 

To date nothing has been reported on the analysis of nitrosoamine 
precursors. Attempts to determine nitrosoamines in neat alkanolamines 
resulted in operational problems with the Thermal Energy Analyzer when 
coupled to a liquid chromatograph and using a solvent system compatible 
with the analyzer. These difficulties were greatly reduced by staging the 
temperatures of the traps and the installation of a diverting valve after the 
liquid chromatograph analytical column to reduce the quantity of amines 
and eluent which reach the analyzer. 

DISCUSSION 
The development and introduction of the highly sensitive Thermal 

Energy Analyzer by Thermal Electron Corporation has created the means 
to determine ppb levels of NAs in a wide variety of materials. The ability 
to determine NAs with a high degree of specificity has revealed the ubiq- 
uitous nature of these known carcinogens in the ecosystem. The result is 
that any precursor of NAs which has industrial andlor domestic applica- 
tion becomes suspect of containing NAs. 

Alkanolamines have wide application in both industrial and consumer 
products. Gas chromatographic separations of the mono-, di-, and 
triethanolamines are extremely difficult. While they can be achieved, 
drastic thermal conditions are necessary which could decompose any 
NAs present. High-pressure liquid chromatography (HPLC) presented 
another approach to achieving a separation of the amines and NAs. Dif- 
ficulties experienced with separation and concentration of NAs from pre- 
pared samples left the direct analysis of alkanolamines for NAs by 
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HPLC-TEA the most probable route to success. However, solvent sys- 
tems normally used with HPLCs having conventional detectors gave ex- 
cessive background levels which reduced sensitivity of the TEA. 
Hexane-acetone mixtures improved the background level but still pre- 
sented a problem. Since the trap temperature of the TEA influences the 
background signal, reduction below -78°C (dry ice-acetone) freezes the 
hexane-acetone solvent and results in a malfunction of the TEA which 
could possibly damage the pyrolysis oven. It was found that staging the 
temperature of the double glass traps overcame the problem of trap freez- 
ing. The first trap was immersed in a dry ice-acetone mixture and the 
second in liquid nitrogen. The traps were then removed from the TEA for 
emptying rather than following the dumping routine. 

The volume of solvent which passed through the TEA was reduced by 
the installation of a diverting valve after the HPLC column. Alkanolamine 
samples which had been spiked with the corresponding NA were injected 
into the HPLC via a high-pressure sampling valve and allowed to  pass into 
the column. The contained NA elute ahead of a broad alkanolamine peak. 
Once the NA had eluted from the column and entered the TEA, the eluent 
was diverted to a waste container. This approach greatly shortened the 
turnaround time between sample injections and resulted in substantially 
lower background levels as well as enhancing the sensitivity of the TEA. 
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INTRODUCTION 

In the course of automation and computerization of the Lilly Re- 
search Laboratories Microanalytical Laboratory (6) ,  it was necessary 
to develop instrumentation and methodology for the automatic deter- 
mination of sulfur and other frequently occurring elements. At the 
present time, no such method is sufficiently developed, and instru- 
ments are not commercially available. 

The only instrument capable of determining sulfur in organic com- 
pounds in a truly automatic mode was described by Culmo (2) utiliz- 
ing the well-established Perkin-Elmer 240 analyzer. This method is 
limited to sulfur determination only, whereas our new method has the 
further capability of analyzing for halogens, including fluorine. 

The automatic mode of analysis has two important advantages: (i) 
rapid analysis and (ii) simplicity of operation by less qualified person- 
nel. We therefore elaborated a totally automatic system for sulfur de- 
termination in organic compounds consisting of rapid combustion with 
a transfer of combustion products to a titration system interfaced to a 
computer. 

TECHNIQUE 
Combustion 

The success of any microanalysis depends greatly on a properly 
conducted combustion. Of the many methods of combustion, we 
selected the dynamic oxidative type. This mode of combustion is ide- 
ally suited for an automated procedure, producing a dynamic flow of 
combustion products to the end of the tube. Combustion products are 
pure, usually free from most of the interfering elements, and, con- 
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sequently, simple for the final determination. This type of mineraliza- 
tion in a combustion tube was reported in many versions and modifi- 
cations since the time of the introduction of sulfur determination. 

Techniques of combustion, a s  well as  instrumentation and methods, 
vary greatly with regard to oxygen flow, tube diameter, length of the 
heating zone, temperature, presence of a catalyst, time of combustion, 
and the form of sample decomposition. We chose the following condi- 
tions for the rapid determination of sulfur: empty tube combustion 
method in a quartz tube of 15-mm inside diameter, oxygen flow at 
35-40 mllmin, and temperature of about 950°C in a 200-mm-long fur- 
nace. 

The substance, in a platinum boat, is decomposed with the movable 
heater (800°C); the movement is set at 1 cmlmin. The decomposition 
and mineralization of a micro sample is completed in about 3 min by 
placing the  boat close (2-3 cm) t o  the  stationary furnace. The  
availability of large amounts of oxygen and a relatively slow flow 
through the large-diameter tube at 950°C provide sufficient time for 
complete combustion of any organic compound and for the conversion 
of sulfur to sulfur oxides. The presence of a catalyst in the combus- 
tion tube, particularly Pt, interferes with the proposed colorimetric de- 
termination. It was shown that Pt in the presence of halogens will 
volatilize (5) and can reach the titration vessel, reacting with the indicator. 

Transfer of Combustion Products from the Combustion Site to the 
Determination Site 

Combustion products  of sulfur, a s  well a s  fluorine and o ther  
halogens, are condensed with moisture at the end of the combustion 
tube in the form of the corresponding acids. In the case of sulfur de- 
termination, the combustion products are a mixture of SO2 and SO3 
and require additional chemical reactions to convert them into a well- 
characterized substance. The traditionally applied oxidation with H202 
converts sulfurous acid into sulfuric acid, which is readily determin- 
able. In our analysis, this chemical process, as  well as  the transfer of 
the product to the determination vessel, is achieved automatically. 

Utilizing oxygen flow from one direction, and pumping hydrogen 
peroxide from the other direction, the mixture is forced to  a side exit 
(Fig. 1). This type of washing was first utilized by Walisch and 
Jeanecke (9) and others (4, 7). The transfer technique was modified 
and simplified by constructing a one-piece arrangement as an internal 
part of the tube, omitting an additional heater (7). Utilizing the radiant 
heat from the combustion furnace, the wash area can be kept warm, 
preventing condensation of sulfuric acid, provided it is within proper 
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FIG. 1 .  Combustion tube with wash arrangement. 

distance of the furnace. The wash solution is pumped (1 mllrnin) in a 
countercurrent direction to the oxygen flow. In the contact area is a 
side arm in the form of a T, enabling the oxidized combustion product 
to exit by means of oxygen pressure to the vessel for determination. 
Dimensions of the combustion tube are given in Fig. 1. 

Determination 
Among the many methods of determining sulfate ions, titrimetric 

procedures are the quickest and easiest to be adapted for automation 
and computerization. Detection of the endpoint can be accomplished 
by colorimetry. For the colorimetric titration, there are two well- 
established indicators: thorin (3, 8) and dimethylsulfonazo I11 (I). We 
first examined the two indicators by obtaining their potentiographic 
curves. We then titrated sulfuric acid in 90% isopropanol (in the pres- 
ence of a buffer) with Ba(C10J2 against the indicators, and recorded 
the potential change obtained from the colorimeter caused by the 
color change of the indicator at the equivalent point (Fig. 2). Ob- 
viously, a larger (40 mV) and sharper potential jump at the equivalent 
point, using dimethylsulfonazo 111, caused by the color change of the 
indicator will be more precise for the determination. We elected to 
use a colorostatic Ba(CIO,), titration for the sulfate ion determina- 
tion using a Fiberglas optic colorimeter as the endpoint detection. For 
this procedure, we suggest the name chromostatic or colorostatic titra- 
tion. Titration assembly for such an automatic titration consists of a 
potentiostat, an electric burette, and a Fiberglas optic colorimeter. 

MATERIALS AND METHODS 
Reagents 

Purified-grade oxygen gas used without additional treatment. 
Wash solution: 3% hydrogen peroxide. 
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FIG. 2. Potentiometric titration of sulfate (color changes of the indicator). 

Absorption solution: 10 ml buffer solution* and 5 ml indicator solu- 
tion** per 1 liter of 90% aqueous isopropanol. 

Buffer solution: *50 ml collidine dissolved in 500 ml 50% isopro- 
pan01 adjusted to pH2 with 70% perchloric acid, ca. 25 ml (R. Kubler, 
private communication). 

Indicator solution: **O. 1% solution of dimethylsulfonazo 111-Na salt 
in water (J. T. Baker Chemical Co.). 

Titrant: 0.005 N Ba(C103, in 90% aqueous isopropanol (G. Fred- 
erick Smith Chemical Co.). 

Equipment 
Gas flow meter, tube size 1-15-16 (Brooks Instrument Co., Hat- 

field, Pa.). 
Combustion oven, 200-mm stationary furnace, orifice 24 mm, and a 

movable heater with 1 cmlmin travel speed (Hosli, Bischofszell, Swit- 
zerland). 

Quartz combustion tube, 550-mm over-all length, 16-mm outside di- 
ameter, with the attached washing arrangement as shown in Fig. 1. 

Peristaltic pump, Ismatec Model 2-4, adjusted for 1 mumin delivery 
of liquid (Brinkmann Instrument Co.). 

Automatic titration assembly consisting of: one 10-ml electric 
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burette, "Dosimat" E-415 Metrohm, equipped with an electric pulse 
generator (for computer interfacing). 

Potentiostat, "Impulsomat" E-473 Metrohm. 
Metrohm titration vessel assembly with magnetic stirrer. 
Fiberglas colorimeter PIC-1000, with a 1-cm light path, 670-nm opti- 

cal filter, and 1-V electric output (Brinkmann Instrument Co.). 
Cam switch timer, Model Micromat NA 41 12 B 12, 6-min cycle 

(Micro-Electric, Zurich, Switzerland). 
Three-way Teflon solenoid valve, Model 72P 16T3 (Valcor Co .) . 
Two two-way Teflon solenoid valves, Model PIN 2-15-900, SIN 621 

(General Valve Co.). 
Polyethylene tubing, Intermedic #PE-240. 
Teflon tubing, %-in. outside diameter, llls-in. inside diameter. 
Arrangement for vacuum. 

Experimental 
An automatic analyzer was set up as shown by the diagrams in 

Figs. 3, 4, and 5, and according to the manufacturers' manuals. The 
burette's three-way stopcock was removed and replaced with a 
three-way solenoid valve. The absorption solution reservoir was 
placed about 1 m above the instrument. Since filling the titration ves- 
sel with absorption solution is dependent upon both gravity and time, 
and in order to obtain equal volumes independent of the solution 
level, a Mariott-type arrangement was utilized. The equivalence point 
for the titration was set in the Impulsomat to the color of the indi- 
cator used in the absorption solution. This setting was previously es- 
tablished by titration (Fig. 2) and corresponds to approximately 60 mV 
or 60% transmittance. The combustion tube was washed with dilute 

Solution 

Valve >Way Valve + - 

- V I - '  1 u 
TI. Wash 

Solution Solution 

FIG. 3. Set-up for automatic sulfur determination. 
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FIG. 4. Diagram of the electronic interface. 

HF t o  remove any alkali salts from the surface, and then it was 
placed into the combustion furnace. The stationary furnace was set at 
950°C and the movable heater at 800°C, while the oxygen flow was es- 
tablished at 35-40 mumin. The delivery of fresh absorption solution 
to the titration vessel was adjusted for  a 30-ml delivery, and the 
pump was set for wash-solution delivery of of 1 mumin. 

Procedure 
A sulfur-containing sample was weighed into a platinum boat on a 

computer-interfaced electronic microbalance (Mettler ME22 o r  Sar- 
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FIG. 5. Sequencer time schedule. 
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torius 4431) and placed in the combustion tube about 3 cm from the 
stationary furnace. The sequencer and combustion were initiated, and, 
after about 1 min, the pump was started by the sequencer. The com- 
bustion products were washed to the titration vessel. The presence of 
sulfate ions caused a change in the indicator color (reddish purple), 
and the colorimeter responded and activated automatic titration until 
the indicator color returned to a neutral blue color. After 3 min, com- 
bustion was completed and the movable heater was removed in order 
to cool the combustion tube in preparation for the next analysis. 
Washing and titration continued for another 2 min. In the fifth minute 
of the programmer cycle, the titration data, in the form of number of 
pulses (100 pulses = 1.00 ml), were received by the computer. Shortly 
afterwards, the burette was refilled and set at  zero, as was the pulse 
counter. The titration vessel was emptied via vacuum and refilled with 
30 ml fresh absorption solution. The system is now ready for the next 
determination. 

Computer Interfacing 
The computer system as  previously described (6) has been ex- 

panded, updated, and converted to a departmental time-sharing opera- 
tion, which makes possible the storing of the last 200 results on magnetic 
discs. Also, the teletypes were replaced by cathode ray terminals. 

The sulfur analyzer was interfaced t o  the computer via a pulse 
counter. The accumulated electronic pulses produced by the function 
of the burette were transmitted to  the computer and identified as to 
the unit number. Data from the balance and analyzer were calculated 
and reported to the operator on the CR terminal. The format of the 
report is analogous to that described for CHN determination (6). A 
particular report is then stored on the magnetic disc for further pro- 
cessing. 

RESULTS AND DISCUSSION 
During the last 4 years, we performed many thousands of sulfur 

analyses on various organic and organometallic compounds using the 
described automatic procedure. 

Organometallic compounds were combusted in the presence of van- 
adium pentoxide (V,Od as  an additive to  the analyzed substance. 
Volatile compounds were analyzed in sealed capsules and liquids in 
capillaries. Sample size ranged from 1 to 7 mg or more, depending on 
the expected sulfur content. The method functions blank free. 

Interference of common heteroelements such as  phosphorus and 
iodine was noticed. The presence of elemental iodine in the titration 
solution caused a change of the indicator color from green to gray. 
The colorirneter, however, responded correctly in this color system. 
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In most cases, phosphoroorganic compounds analyzed accurately or  
with only slightly higher results (0.2-0.5%) due to  the presence of 
trace amounts of H 8 O 4  in the titration solution. The combustion tube 
was frequently removed and washed with HF, particularly after a 
series of analyses of metallo- or  phosphoroorganic compounds. For- 
mation of BaSO, during the titration, in the form of a dense precipi- 
tate, did not interfere with the colorimetric measurement of the solu- 
tion. 

Among these sulfur determinations, we also performed 16 sulfur de- 
terminations on cystine (E. M. Laboratories, microanalytical standard, 
theoretical value: 26.69% S). These were performed over a period of 3 
weeks, as  a daily instrument-control analysis, with the following re- 
sults: 

Sample size, 1.8-4.9 mg. 
Titrant consumption, 3.0-8.2 ml. 
The results were in the range of -0.16 to +0.25% relative to  the 

theory, of which eight determinations were below and the remaining 
above the theoretical value. 

Based on these results: 

C Ax Mean error: AX = - = 0.0 1 
n 

2 (x - x)2 
Variance: V = = 0.015 

C (x - x)2  
Std. deviation: S = = 0.128 

n - 1 
Least-square regression: A,  = 0.00 

A 1  = 1.69 

Y = A, + A1x 
where y = titrant consumption 

x = sample size 
The above calculations were computed on a Hewlett-Packard 

9815-A computer using H P  statistical computer programs. 

SUMMARY 
Described is the automatic and computerized rapid microanalytical determination of 

sulfur in organic and organometallic compounds. The procedure consists of the combus- 
tion of the compound in an empty tube, transfer of combustion products to  the titration 
vessel by automatic wash, and,  finally, colorostatic titration of sulfuric acid with 
Ba(C103, against dimethylsulfonazo 111. 

The entire analysis and preparation of the equipment for the next determination are 
programmed in time of the Qmin cycle. 

The analyzer is interfaced to  the departmental real-time time-sharing computer, along 
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with electronic microbalances and other analyzers, as a part of the microanalytical labo- 
ratory computer service. 

Results of the analyses are reported on CR terminals and are also stored on the mag- 
netic disc for further processing. 
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INTRODUCTION 
Our interest in nonaqueous titrimetry prompted us to investigate sol- 

vents not commonly used in such work: 1,1,3,3-tetramethylguanidine 
(TMG) and hexamethylphosphoramide (HMPT). These solvents, as well 
as pyridine, were used for the microdetermination of two weakly acidic 
compounds of ordnance interest, 1,3,5-trinitro- 1,3,5-triazacyclohexane 
(RDX) and 1,3,5,7-tetranitro- l,3,5,7-tetrazacyclooctane (HMX). Al- 
though both nitramines have previously been determined by nonaqueous 
titration (1,3,6,14) TMG and HMPT had not been used as solvents. We 
have also used constant current potentiometry (13) to show that a signifi- 
cant improvement in precision is possible even in solvents yielding poor 
endpoint breaks by direct potentiometric titration. 

An integrated automated titration system controlled by a Tektroni-x 
4051 graphics system (11) was used to generate titration curves and to 
evaluate the experimental results. 

EXPERIMENTAL 
The titrant was approximately 0.05 N tetrabutylammonium hydroxide 

(Bu,NOH) prepared from a 25% solution in methanol (Eastman Organic 

' This report was prepared as an account of work sponsored by the United States Gov- 
ernment. Neither the United States nor the United States Department of Energy, nor any of 
their employees, nor any of their contractors, subcontractors, or their employees, makes 
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accuracy, completeness or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately-owned rights. 

Reference to a company or product names does not imply approval or recommendation 
of the product by the University of California or the U.S. Department of Energy to the 
exclusion of others that may be suitable. 

Work performed under the auspices of the U.S. Department of Energy under contract 
No. W-7405-Eng-48. 
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Chemicals) by dilution with reagent grade toluene (12). Benzoic acid was 
ACS reagent grade. Pyridine was Mallinckrodt analytical reagent, purified 
by stirring 24 hr over Dowex 1-XI0 (4). 1,1,3,3-Tetramethylguanidine 
(TMG) was from Eastman Organic Chemicals, purified by stirring a 
minimum of 2 days over molecular sieves (Fisher Scientific Co., Type 4A, 
14-30 mesh). Hexamethylphosphoramide was from Aldrich Chemical Co., 
purified by stirring for 2 days over a mixed resin bed (Fisher Scientific 
Co., Rexyn 300) (2). The solvent blanks were (3 X mmol of 
Bu,NOH per 50 rnl for pyridine and HMPT and (0.01 mmol for TMG. 

The titration system was controlled by a Tektronix 4051 graphics sys- 
tem as previously described (11). Emf s were monitored by a glass indi- 
cator electrode and a ceramic fiber-junction calomel reference electrode 
(Beckman 39402) in which the salt bridge was a saturated solution of 
tetramethylammonium chloride in methanol. 

Stirring was provided by a magnetic stirrer. The stirring motor was 
separated from the titration vessel by a water-cooling plate and an 
aluminum plate connected to ground. 

For the glasslmodified calomel electrode system, titration endpoints 
were calculated according to Savitsky and Golay (7). A convolute was 
used for a third-order second derivative using 25 points. The zero crossing 
was found by linear interpolation near the sign change. 

Titrant volume, ml 

FIG. 1.  Titration of 7.44 mg of HMX vs Bu,NOH in tetramethylguanidine. 
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Titmnt volume, rnl 

FIG. 2. Titration of 7.60 mg of HMX in pyndine vs Bu,NOH; electrodes: glass/modified 
calomel. 

Some titrations were monitored by two platinum electrodes, polarized 
by a constant current of 5 FA according to Shain and Svoboda (13). The 
endpoint was located as the emf before the abrupt dropoff (see Fig. 4). 

Titrations were performed at  ambient temperature (23 + 1°C) under a 
nitrogen blanket. 

RESULTS AND DISCUSSION 
RDX has  been determined by nonaqueous titration in N ,N-  

dimethylformamide (DMF') as early as 1955 (3). The titrant was sodium 
methoxide; endpoints were determined visually using azo violet. Sarson 
(6) determined RDX in methylisobutyl ketone (MIBK) and DMF by titra- 
tion with Bu4NOH; endpoints were determined electrometrically. Sinha 
et al. (14) determined RDX and HMX in M1BK:isopropanol (4:l) by 
titration with sodium methoxide. Fauth and co-workers (1) investigated a 
wide variety of solvents for the potentiometric titration of RDX and HMX 
with Bu4NOH. Recoveries for RDX were of the order of 98 to  100% for 
RDX, with a somewhat greater spread for HMX. All these methods were 
on the macroscale, using more than 60 mg of the explosive for each 
titration. 

Our interest in nonaqueous titrimetry as well as in the determination of 
compounds of ordnance interest prompted us to investigate the micro- 
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TABLE 1 
COMPARISON OF VARIOUS SOLVENTS FOR POTENTIOMETRIC TITRATION OF RDX AND HMX 

Standard Mean endpoint 
Amount taken Number of deviation break 

Solvent Compound (mg) (aliquots) replicates (5% (mv) 

Pyridine 
Pyridine 

RDX 
HMX 

HMFT 
HMFT 

TMG 
TMG 

TMG 
TMG 

RDX 
HMX 

RDX 
HMX 

RDX 
HMX 

determination of RDX and HMX in solvents not heretofore used for this 
analysis. We have previously reported a nonaqueous titrimetric method 
for pentaerythritol tetranitrate (PETN) which is a considerably weaker 
acid than RDX and HMX (10). The solvent was TMG, a strong base which 
has previously been suggested for nonaqueous titration by Williams et al. 

litranl volume. rnl 

FIG. 3. Titration of 6.06 mg of benzoic acid in pyridine vs Bu,NOH; electrodes: PtIPt, 
polarized at +5 4. 
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FIG. 4. Titration of 3.71 mg of HMX in pyridine vs Bu,NOH; electrodes: PtlPt, polarized 
at +5 PA. 

(16, 17). A fairly strong base is advantageous in the titration of very weak 
acids because it enhances their proton-donor ability. 

We have found that TMG indeed yields a considerable enhancement in 
the endpoint breaks for RDX and HMX in their potentiometric titration 
with Bu4NOH. A titration curve for 7.44 mg of HMX in TMG vs Bu4NOH 
is shown in Fig. 1, and for similar amounts of HMX in pyridine in Fig. 2. It 
is evident that the endpoint break in pyridine is small and not sharp, while 
a sharp break of much greater magnitude is obtained in TMG. RDX is a 
slightly stronger acid than HMX and yields somewhat larger endpoint 
breaks. 

HMPT is a solvent which to our knowledge has not previously been 
used in nonaqueous titrimetry. The properties of this solvent have been 
discussed by Normant (5). This compound has a fairly high dielectric 
constant (30 at 20°C) and has remarkable solvent as well as complexing 
properties. Indeed, we have previously described adducts of both RDX 
and HMX with HMPT (8,9). We found that this solvent is easily purified 
by stirring over a mixed resin bed (2) reducing the solvent blank to (3 X 

mmol of Bu4NOH per 50 ml. The titration curves for RDX and HMX 
in HMF'T were of similar shape to those in pyridine (Fig. 2) although the 
magnitude of the endpoint breaks was larger. Although these compounds 
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form adducts with HMPT, titrations nevertheless proved feasible. A 
comparison of the solvents pyridine, HMPT, and TMG for the microtitra- 
tion of RDX and HMX is given in Table 1. The half-neutralization poten- 
tials of RDX and HMX are so similar that differentiation of these ni- 
tramines is not possible by nonaqueous titration. 

3-Methyl-2-oxazolidone is a solvent of very high dielectric constant 
(77.5 at  25°C) which has been suggested as solvent for acid-base titra- 
tions (15). We found, however, that the two nitramines did not yield 
titration curves in this solvent vs Bu4NOH. 

We previously used constant-current potentiometry (13) to enhance the 
precision of the titration of PETN in TMG (10). This method was applied 
to the weaker of the two acids, HMX, in the solvent yielding the poorest 
endpoint breaks in this study, pyridine. Two platinum electrodes were 
polarized by a constant current of 5 PA. A typical titration curve for a 
fairly strong acid, benzoic acid, which is commonly used to standardize 
Bu4NOH, is shown in Fig. 3. The difference in the potential of the 
platinum electrodes reaches a very pronounced maximum at the equiva- 
lence point. For HMX the curve was of different shape as shown in Fig. 4 
for a sample of 3.71 mg in pyridine. Although no maximum in potential 
was obtained at the equivalence point, the endpoint can easily be located 
at the intersection of the two straight lines. The improvement in precision 
when using this method over the direct potentiometric titration is shown 
in Table 2. This method may also prove useful for the nonaqueous titra- 
tion of other very weak acids where direct titration yields poor endpoint 
breaks and poor precision. 

In all our experiments we have standardized the titrant vs the sample of 
nitramine to be analyzed. When the titrant was standardized vs benzoic 
acid the recoveries of RDX and HMX were from 102 to 104%. High 
recoveries were already found by Fauth et al. (I). This may be caused by 
small amounts of acidic impurities present in the samples. The method 
should prove useful for the analysis of small amounts of composites con- 
taining nonacidic binders. 

TABLE 2 
COMPARISON OF ENDPOINT DETECTION METHODS FOR RDX AND HMX IN PYRIDINE 

Standard 
Amount taken, Number of deviation Electrode 

Compound (mg) (aliquots) replicates (96) system 

RDX 
HMX 

RDX 
HMX 

HMX 

7.30 3 0.37 Glasslmodified calomel 
7.60 4 1.20 Glasslrnodified calomel 

7.38 4 0.11 Pt/Pt polarized 
7.94 4 0.35 WPt polarized 

3.71 4 0.49 WPt polarized 
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SUMMARY 
Pyridine, tetramethylguanidine, and hexamethylphosphoramide were evaluated as sol- 

vents for the microdetermination of two weakly acidic compounds of ordnance interest, 
1,3,5-trinitro-1,3,5-triazacyclohexane (RDX) and  1,3,5,7-tetranitro-1,3,5,7-tet- 
razacyclooctane (HMX). The titrant was tetrabutylammonium hydroxide in methanol/ 
toluene. Endpoints were determined potentiometrically by a glass/modified calomel elec- 
trode system or  by two polarized platinum electrodes. 

The largest potentiometric break was found in the very basic solvent tetramethyl- 
guanidine. Endpoint detection using two polarized platinum electrodes significantly en- 
hanced the precision of the analysis. 
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INTRODUCTION 
Besides flameless atomic absorption (14) and plasma emission spec- 

trometry (8), the colorimetric method employing silver diethyldithiocar- 
bamate (16) is the most important routine method for determination of 
trace amounts (1 -30 pg) of arsenic. The latter method uses arsine genera- 
tion in the medium of metallic zinc (2-10 g) and aqueous solution of 
potassium iodide (2 ml of 15-20% solution), stannous chloride (0.2-1 ml 
of 15 -40% solution in hydrochloric acid), and hydrochloric acid (5 - 10 ml 
of concentrated acid per total volume of 20-45 ml) introduced in the 
framework of Gutzeit method (10) more than 50 years ago (19). 

Metallic aluminum, iron, and tin have been tested in the place of zinc 
(II), however, practical availability of arsenic-free zinc is the main factor 
of its preference. The amount of zinc varies due to its different surface 
(granules, shots, or sticks) and present interfering metal ions. Stannous 
chloride and potassium iodide have been used to reduce arsenic(V) to 
arsenic(II1) and to remove some other oxidants. Water mist and traces of 
hydrogen sulfide as byproducts of hydrogen and arsine evolution are 
caught by a cotton or glass-wool plug impregnated with lead acetate. 

The absorption of arsine in pyridine solution of silver diethyldithiocar- 
bamate (the ligand L) was investigated in detail (2, 3). It is based on the 
following reactions 

where B is a suitable base (= pyridine). Colloidal form of metallic silver is 
responsible for the final red-brown color of the absorption solution (2,3, 
16). The absorption peak is relatively flat with a maximum at 535-540 nm. 
It is affected by the purity of silver diethyldithiocarbamate; the contami- 
nation with silver nitrate shifts the peak to higher wavelengths (6). The 
volume of hydrogen necessary to sweep arsine into the pyridine solution 
was estimated as 750-1000 ml (for 3 .g of zinc and 42 ml 1.6-2.2 M 
hydrochloric acid) (7). The reduction time varies due to the different 
conditions and interferences between 30 and 180 min. Quinoline, di- 
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methylformamide, and several other amines (2, 5) have been tested in the 
place of pyridine, however, the price and volatility of some of those 
solvents and/or decrease in sensitivity of the method result in the fact that 
pyridine is far the most frequently used solvent in spite of its disagreeable 
odor. Even the attempts to substitute silver diethyldithiocarbamate by 
some other compound have been not successful (5, 17). Most of the other 
thio- and mercapto-compounds are decomposed by a base within the 
formation of silver sulfide. 

The interference of other metallic ions is the most controversial aspect 
of the silver diethyldithiocarbamate method (1, 6, 9, 12, 15, 18). For that 
reason we have studied that problem in detail and presented our results in 
this paper. 

MATERIALS AND METHODS 

Reagents. Silver diethyldithiocarbamate was prepared by dissolution of 
22.5 g sodium diethyldithiocarbamate (trihydrate) in 250 ml of water and 
addition of 17.0 g silver nitrate in 250 rnl water within a mechanical stir- 
ring. After 2 hr standing the reaction mixture was filtered with suction by 
means of a medium sintered-glass filter. The precipitate was washed with 
500 ml of water (negative brucine-nitrate reaction) and dried at room 
temperature in a vacuum desiccator for 24 hr. The 0.5% (w/v) solution of 
the reagent in pyridine (GC spectrophotometric quality) had been pre- 
pared every third day and kept in dark. Granular zinc -30 mesh contained 
less than 0.1 ppm of arsenic. The solution of stannous chloride had been 
prepared by dissolution of 45 g salt (dihydrate) in 75 ml concentrated 
hydrochloric acid and 150 ml water. The aqueous solution of potassium 
chloride was 20% (w/v). The aqueous stock solutions of metal salts had 
been prepared in the usual way and contained 1000 ppm (w/v) of the 
corresponding metal. The lower concentrations had been prepared by a 
subsequent dilution of those solutions. The final standard solution of ar- 
senic(II1) contained 1.00 ppm of that element. The Baker's Ultrex and 
Analyzed Reagents had been used for preparation of all solutions. 

Instruments. A standard arsenic apparatus Model JA-9540 (SGA Scien- 
tific Co., Bloomfield, N.J.) has been used for determinations of arsenic. 
The glass-wool plug had been 20 mm high and contained 2-3% (wlw) of 
lead acetate. Photometric measurements had been made with a double- 
beam Cary 118C spectrophotometer (Varian Assoc., Palo Alto, Calif.) 
and I-cm glass flow-cell. Extractions had been accomplished with a 
S-1070 shaker (Eberbach Corp., Ann Arbor,  Mich.). X-Ray mea- 
surements had been performed with a Universal X-Ray Vacuum Spec- 
trometer (Norelco Corp., Mount Vernon, N.Y.) containing a chromium 
target tube and data control and processor. For parameters of measure- 
ment of individual elements see (4). 
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Procedure. A sample containing 10- 100 pg of arsenic is dissolved in 20 
ml of concentrated nitric acid and 10 ml of 50% hydrofluoric acid in a 
250-ml Teflon beaker. The solution is evaporated to dryness, 20 ml of 
concentrated hydrochloric acid is added, evaporated to dryness again, 
and this is repeated twice more. For samples containing more than 100 pg 
of antimony, phosphorus, selenium, and tellurium see under Note. Finally 
the residue is dissolved in 10 ml of hydrochloric acid and 20-30 ml of 
water, filtered if necessary, and diluted to mark in a 100-rnl volumetric 
flask. A 10-ml aliquot is placed into the flask of the arsenic apparatus, 5 ml 
of concentrated hydrochloric acid, 10 ml of water, and 5 ml of potassium 
iodide are added, the solution is mixed, and free iodine is removed by 
addition of 0.5-2.0 ml of stannous chloride solution with manual shaking. 
Meanwhile, 3-g portions of granular zinc are prepared (according to the 
number of solutions) and exactly 5-ml portions of silver diethyldithiocar- 
bamate solution are placed into the corresponding number of arsenic ap- 
paratus absorbers connected with the lead acetate plug interabsorption. 
Zinc is placed by means of a dry funnel (5-mm internal stem diameter) into 
each flask as quickly as possible and immediately the flask is connected 
with the prepared absorbers. The evolution of hydrogen-arsine and ab- 
sorption are maintained for 30 min. Then the arsine absorber is discon- 
nected and the absorbance of the solution is measured at 540 nm in a 1-cm 
flow-cell against a reagent blank. The absorbance corresponding to 1 pg 
of arsenic is about 0.031-0.032. Lower absorbances are caused by the 
poor quality of silver diethyldithiocarbamate andlor pyridine. The stan- 
dard should be run if not every day then at least with every new solution 
of silver diethyldithiocarbamate. 

Note. If those elements are present arsenic must be separated by ex- 
traction of arsenic(II1) chloride. After the last evaporation the residue is 
dissolved in 20 ml concentrated hydrochloric acid containg 1.5 g cuprous 
chloride and 50% (wlw) hypophosphorous acid is dropwise added until the 
solution brightens. Then it is extracted with two 10-ml portions of dry 
p-xylene (5 min shaking for each portion) and from combined extracts 
arsenic is reextracted into water by shaking with three 20-ml portions of 
water (5 min shaking for each portion). Combined aqueous extracts are 
placed into 100-ml volumetric flask, the solution is diluted to mark with 
water and mixed, and the subsequent arsenic determination is the same as 
above. 

RESULTS AND DISCUSSION 

The spectrum of colloidal silver formed from silver diethyldithiocarba- 
mate by arsine and stibine is shown in Fig. 1. The rate of evolved hydro- 
gen and arsine varies with the quality and quantity of interferences [see 
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FIG. 1. Absorbance curves of the colloid silver corresponding to 10 pg of arsenic (1) and 10 
pg of antimony (2). The reduction was performed in the absence of potassium iodide and 
stannous chloride. 

below (d)]. Typical values expressed as absorbance at 540 nm correspond- 
ing to 10 pg of arsenic (5 ml concentrated hydrochloric acid, 5 ml potas- 
sium iodide, 0.5 ml stannous chloride, 10 ml water, and 3 g zinc) with time 
of reduction in minutes given in parentheses are as follows: 0.220 (5), 
0.290 (lo), 0.310 (15), 0.315 (20), 0.318 (25), 0.318 (30). The effect of 
various interferences is illustrated in Table 1. 

Interference of other elements with the method occurs in four ways: 
(a) Element forms volatile hydride that is also reducing silver diethyl- 

dithiocarbamate to colored colloidal silver. The interference of this type 
exists with antimony and phosphorus. Appreciable amounts of those ele- 
ments (> 50 pg) must be removed by the extraction of arsenic. 

(b) Element forms volatile hydride that forms an unidentified complex 
with silver diethyldithiocarbamate. The interference of that kind takes 
place with germanium, tellurium, and selenium. The amounts of those 
elements exceeding 30 pg (germanium) or 20 pg (tellurium and selenium) 
must be removed either by volatilization (germanium by repeated evap- 
oration with hydrochloric acid) or by arsenic extraction (tellurium and 
selenium). 
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TABLE 1 
EFFECT OF INTERFERENCES" 

Element Used as Absorbance at 540 nm (mg of element) 

None 
Age 
Bic 
Co 
Cu 
F 
Fe 
Ge 
HgC 
I 
Mo 
Ni 
P 
Pb 
Pd 
Pt 
Sf 
S 
SbC 
Se 
Sn 
Te 

- 
Agzso4 
BiC13 
CoCl, 
cuc1, 
KF 
FeCl, 
GeO, 
HgClz 
KI 
(NH>ehfo@, 
NiC1, 
K,HP04 
PbCl, 
PdCl, 
HPtCls 
N a 8  
N a 8 0 4  
SbCl, 
SeO, 
SnCl, 
TeO, 

a 5.0 pg As, 5 ml 20% KI, and 0.5 ml 15% SnCl, - 2Hz0 has been used unless otherwise 
stated. 

In this line the numbers in parentheses indicate the micrograms of As. 
10 ml 20% KI has been used. 
Acceleration of the reaction with increasing concentration of the element. 

" Slow-down of the reaction with increasing concentration of the element. 
Without any oxidation. 

(c) Element forms volatile hydride that gives a complex (usually insolu- 
ble) with silver. Sulfur(1I) and selenium(I1) represent this type of interfer- 
ence [besides that selenium(I1) also reacts as indicated in (b)]. In practice 
a great deal of it is controlled by the cotton or glass-wool plug impreg- 
nated with lead acetate. Sulfur(I1) is transformed to sulfate by oxidation 
with concentrated nitric acid. 

(d) Ion of the corresponding element Mn+ accelerates the dissolution of 
metallic zinc by means of reaction 

However, that acceleration is stopped as soon as appreciable amount of 
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TABLE 2 
EXTRACTION OF SOME METAL CHLORIDES" 

Percentage extraction Percentage extraction 
Compound (solvent) Compound ( ~ o l v e n t ) ~  

AsCI, 91.O(B), 91.qX) TeC14 0.8(B), 0.7(X) 
83.O(CHCld, 76.qCCl.J CuCl 0.2(B), O.l(X) 
54.3(iso-octane) CuCI2 O.l(B), O.l(X) 

GeCI, 56.7(B), 56.3(X) FeCIz O.l(B), O.l(X) 
SbC1, 0.8(B), 0.3(X) FeCl, O.l(B), O.l(X) 
SeC14 11.7(B), 13.9(X) SnC1, O.l(B), O.l(X) 

SnC1, O.l(B), 0.4(X) 

" Concentration 0.05 M of the corresponding chloride in 12 M hydrochloric acid (aqueous 
phase), equal volumes of aqueous and organic phase, temperature of 20-2l0C, and time of 
shaking 10 min had been used throughout. The yield extraction had been calculated from 
the X-ray fluorescence intensity measurement of aqueous phase before and after extraction. 

B, benzene; X, p-xylene. 

deposited M is formed to cover the surface of zinc. For that reason the 
result of arsenic determination is usually low. The equilibrium constant P 
of reaction (3) is described by standard redox potentials EL and ESn 

log ([Zn2+]n12[M] [Zn]-n12[Mn+]-1) 

where F is the Faraday constant (96,487 C), R is the gas constant (8.3 143 
J-K-I mol-l), and T is the absolute temperature (in KO). This kind of 
interference occurs with all metal ions with the value of standard redox 
potential more positive than the value of zinc (-0.763 V for 25°C). That 
means it occurs with ions Ag+, Bi3+, Co2+, C F ,  CU+, Cu2+, Fe2+, Fe3+, 
Hg2+, Mo3+, Mo4+, Mn2+, Ni2+, Pb2+, Pd2+, Pt4+, Sb3+, Sn2+, Sn4+, etc. 
Some of those ions (Ag+, Bi3+, Cu+, Cu2+, Hg2+, Pb2+, Pd2+, Pt4+, Sb3+) 
form very stable complexes with iodide so that a great deal of their inter- 
ference can be eliminated in that way. The concentration of potassium 
iodide can be varied in a wide range (see Table 1). For really large excess 
of many of those ions the arsenic extraction is a very efficient method of 
separation (see Table 2). The reduction of arsenic(V) with cuprous 
chloride and hypophosphorous acid was described by Nall(13). 

It is suggested (I)  that the effect of some interferences like iron, copper, 
nickel, and cobalt can be eliminated by running the standards in the pres- 
ence of the same amounts of those elements. However, that alternative 
does not remove the basic drawback that is in nonquantitative evolution 
of arsine and very fast reaction on the beginning of reduction. The 
amounts of tin exceeding 1.5 ml of the stannous chloride solution acceler- 
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TABLE 3 
DETERMINATION OF ARSENIC IN SOME COPPER INTERMEDIATES 

ppm (wlw) As ppm (wlw) As 

Material a b Material a b 

Copper ore 3.1 2.9 Reverberatory matte 30.1 28.5 
Copper concentrate 57 59 Converter flux 10.6 12.1 
Reverberatory dust 1160 1150 Anode copper 3.9 4.7 
Converter dust 2570 2590 

a Method of this paper. 
* Flameless atomic absorption spectrometry. 

ates the reduction beyond an acceptable limit. Volatile oxidants (nitric or 
perchloric acid) must be removed by evaporation as much as possible 
because of their detrimental effect on the reduction. 

The developed procedure has been tested with some intermediates of 
copper production and compared with flameless atomic absorption spec- 
trometry (14). The results are collected in Table 3. A reasonable agree- 
ment can be seen. 

The distillation method of arsenic separation, for copper intermediates, 
with iodometric finish gives relatively 10- 100% higher results than the 
described method. On the other hand, molybdenum blue finish results in a 
10-20% increase. Those facts indicate that the distillation is not that 
efficient a method of separation as is sometimes supposed. 

SUMMARY 
The effect of 22 interferences had been studied. Sulfur(I1) must be oxidized by nitric acid; 

germanium, nitric acid, and perchloric acid must be removed by repeated evaporation with 
hydrochloric acid. Antimony, phosphate, selenium, tellurium, iron, tin, copper, nickel, and 
many other elements are eliminated by extraction of arsenic(II1) chloride in concentrated 
hydrochloric acid with p-xylene or benzene. Metal ions forming complex or insoluble iodide 
can be blocked with an excess of potassium iodide. The method enables the determination of 
2-30 pg of arsenic with a relative error < 10%. It was tested with the materials of copper 
production. 
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A device has been developed for the rapid desorption of organic com- 
pounds from adsorbent traps. Other advantages over previous devices 
(1 -3) include its ease of fabrication from inexpensive and readily obtain- 
able materials, and its high portability between instruments. No major 
modification of the GC inlet system is necessary and in a matter of sec- 
onds the desorber can be removed from the injection port for normal 
syringe injections. The adsorbent tubes can be transported into the field 
for sampling and returned to the laboratory for desorption and analysis by 
GC or GC-MS. Additionally, the device is useful for headspace analysis, 
volatile organics analysis in aqueous solutions, and impurities in gaseous 
feedstreams. 

In other more complex desorption systems (2, 3) the sample tube is 
desorbed over a period of 5 to 10 min and the eluents are trapped in a 
sample loop at liquid nitrogen .temperature. The sample loop is then 
heated to release the sample to the gas chromatographic column. With the 
system described here, the sample trap is positioned in the cool portion of 
the desorber to purge air from both the trap and the desorber for about 2 
min. The trap is then manually moved into the heated zone to achieve the 
desorption within a few seconds. The sample is quickly desorbed in a 
"slug" to the entrance of the gas chromatographic column. The tempera- 
ture used in this laboratory to desorb the traps is 275°C. Temperatures to 
300°C, however, can be used if required. 

EXPERIMENTAL 
Traps. The use of Tenax-GC as an adsorbent for the concentration of 

volatile organic compounds is well known (1 -3). The adsorptive capacity 
of Tenax-GC is rather low when compared to that of other porous poly- 
mers with greater surface areas [such as Chromosorb 105 (3)]; therefore, 
compounds having a medium volatility (such as benzene) are not wholly 
retained. Chromosorb 105 has a greater adsorptive capacity than Tenax- 
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FIG. 1. Diagram of desorber. The parts shown in the diagram are not drawn to scale; 
however, the necessary dimensions are shown here. All parts are of stainless steel except 
where noted. (a) Aluminum heater block (1 x 1.5 x 3 in.); (b) hole for oven tube (318-in.); (c) 
oven tube (318-in.-0.d. x 8-in. tubing); (d) hole for 250-W cartridge heater (318 x 2.5 in. 
deep); (e) hole for thermocouple (1116 x 1 in. deep); (0 luer hub fitting; (g) Swagelok tubing 
cap (318 in.); (h) probe (114-in.-0.d. x 7-in. tubing); (i) adsorbent trap (IM-in.-0.d. x 3-in. 
tubing, tapped one end 10-32); 6 )  bolt (10-32 x 112-in. long with a 1116-in. hole through the 
center); (k) glass wool plugs; (I) adsorbent; (m) Teflon front ferrule; (n) Swagelok reducing 
union (114 x 1116 in.); (0) Swagelok reducing union (318 x 114 in); (p) tubing (318-in. 0.d. x 8 
in., flattened on one end and silver soldered to  318 x 114-in. reducing union). This tubing is 
clamped to suitable lab-stand. 

GC, but does not have the thermal stability often required for desorption 
of compounds with lower volatility. In order to  obtain both adsorptive 
capacity and temperature stability, this laboratory is using a mixture of 
1:2 silica gel t~ Tenax-GC for adsorbent traps. The mixed-adsorbent traps 
are baked, between uses, at 300°C for a minimum of 1 hr with a N, or He 
purge. 

Desorber design. The design of the desorbing device is presented in 
Fig. 1. The heater block is a 1 x 1.5 x 3-in. block of aluminum drilled for 
the 318-in. oven tube and drilled with blind holes for the cartridge heater 
and thermocouple. The temperature is controlled by a variable voltage 
auto-transformer and is monitored by a suitable pyrometer. After assembly 
ofthe device, the heater block is insulated with 112-in. thick glass wool pad, 
or with other suitable insulation. 
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FIG. 2. Reconstructed chromatogram of volatile organics purged from a sample of un- 
treated waste water and desorbed from the sample trap by the device described here. This 
reconstruced chromatogram was obtained on a Finnigan 4000 GC-MS, interfaced with an 
INCOS data system. 

A luer hub fitting, removed from a 20-ml glass syringe, is used on the 
injection end of the desorber t o  allow attachment of a 20-gauge 
hypodermic needle. A needle smaller than 20 gauge offers too much 
restriction to carrier gas flow. The cup end of the luer hub is removed and 
the flange is filed flat. The luer hub is then centered on a 318-in. Swagelok 
tubing cap where it is attached by silver soldering. A 1116-in. hole is then 
drilled through the cap. 

The end of the probe unit is tapped with a 10-32 bolt tap, as is the 
adsorbent tube. A 1116-in. hole is drilled through the bolt which is then 
screwed into the probe tip. The bolt is locked into the probe by dimpling 
the 114-in. tubing with a center punch or by drilling just through the tubing 
into the bolt and silver soldering. 

Plumbing. A suitable two-way valve is plumbed into the carrier gas line 
downstream of the flow regulator, so that the carrier gas can be routed to 
the injection port or to the desorber. A suitable length of 1116-in. tubing is 
used to connect the desorber to the routing valve. It is desirable to 
"spring-coil" the tubing in order to provide necessary flexibility. 

Sample injection procedure. The trap is screwed onto the probe tip and 
then inserted into the cool end of the oven assembly. The 114-in. tubing 
nut is then screwed onto the oven fitting "finger-tight." The carrier gas 
routing valve is then turned to the desorber position and the system is 
purged for approximately 2 min to remove air from the system. The de- 
sorber needle is then inserted into the injection port. The septum retaining 
nut should be loosened slightly before the septum is pierced and then 
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retightened; otherwise the 20-gauge needle is likely to be plugged by a 
sliver of rubber cut from the compressed septum. The sample is now 
ready for injection. Injection is accomplished by merely pushing the sam- 
ple probe all the way into the desorber oven. The carrier gas valve can be 
left in the desorber position throughout the GC or GCIMS run. 

RESULTS AND DISCUSSION 
An example of a routine application of this desorber is presented in Fig. 

2. We have observed no marked differences in the resultant data between 
the use of the device described here and a commercially available device 
which we have used in this laboratory. The commercial device has a fixed 
adsorbent trap and can be used only for "in-laboratory" work such as 
head space analysis and the analysis of volatile organics from aqueous 
solutions. Additionally, its trap must be cooled and then heated each time 
a sample is collected and desorbed. The temperature of the desorber 
described here remains constant, allowing consecutive analyses to be 
performed with very little time lag. 

SUMMARY 
A device has been developed for the rapid desorption of organic compounds from adsor- 

bent traps. Some advantages over previous devices include its ease of fabrication from 
inexpensive and readily obtainable materials, and its high portability between instruments. 
No major modification of the gas chromatograph (GC) inlet system is necessary and in a 
matter of seconds the desorber can be removed from the injection port for normal syringe 
injections. The adsorbent tubes can be transported into the field for sampling and returned to 
the laboratory for desorption and analysis by GC or GC-MS. Additionally, the device is 
useful for head space analysis, volatile organics analysis in aqueous solutions, and impurities 
in gaseous feed streams. 
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INTRODUCTION 
Mercury (11) compounds react with a large excess of bromide, chloride, 

iodide. or thiocyanate ion to form the corresponding mercurate ion, 
HgX42-. These complexes absorb intensely in the ultraviolet region and 
have been used for the determination of chloride ion (4) and sulfite ion (3). 
The complex formed between mercury (11) and sulfite ion, Hg(S03)22- 
also absorbs strongly in the ultraviolet and can be employed for determi- 
nation of sulfite (3,5). The sulfite complex is very stable so that an excess 
of sulfite is not required. 

In a study of the use of the iodide complex, Hg142-, for the ultraviolet 
determination of mercury (11), it was found that cyanide ion interfered in a 
nonlinear manner (6). In an investigation of mixed ligand complexes in- 
volving mercury (11) with iodide and cyanide ions, addition of cyanide to 
solutions containing mercury (11) and a large excess of iodide decreased 
the absorbance of the Hg142- complex in a somewhat linear manner (2). It 
has been found that cyanide can be determined spectrophotometrically by 
the decrease in ultraviolet absorption of the Hg142- complex on adding 
cyanide ion (I). 

We have found that cyanide ion reacts with all of the mercury (11) 
complexes mentioned above to presumably form mercury (II) cyanide or 
a mixed complex of some type which does not absorb at the absorption 
peak of the original species. The decrease in ultraviolet absorption is 
linear with cyanide concentration in the low parts per million range. The 
reaction is fast and the complexes involved are reasonably stable. 

MATERIALS AND METHODS 
Equipment. Ultraviolet absorption was measured with a Beckman 

ACTA I11 spectrophotometer. 
Chemicals and solutions. The compounds HgCl,, KCN, NaCl, KBr, 

KSCN, KI, and Na2S03 were the best available reagent chemicals. The 
pH 6.86 buffer was a solution of 0.025 M in both KH2P04 and N%HP04. 
The pH 9.01 buffer was a 0.010 M N%B,O, solution. All mercury (II) 
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solutions were approximately 0.001 M in HgCI,. The complexing anion, 
with the exception of sulfite, added as the sodium or potassium salt was 
present in considerably higher concentration than the HgCI,. The mercury 
(11) solution was 2 M in C1- for the HgC142- species, 1 M in Br- for 
HgBr42-, 0.03 M in I- for  Hg14,-, and 0.25 M in SCN- t o  yield 
Hg(SCN),,-. One Hg(S0,),2- solution had essentially stoichiometric 
amounts of HgCl, and Na2S03 while a second solution had a twofold 
excess of sulfite ion. The solutions of the sulfite complex also contained 
low concentrations of EDTA, being about 0.1 mM in the disodium salt. 
The solutions of KCN were prepared in distilled water or in a buffer and 
were usually close to 0.2 or 0.5 mM. 

Procedure. An appropriate volume of distilled water or buffer solution 
was placed in a flask. After adding 1.0 to 1.5 ml of the solution of the 
mercury complex, different volumes of the stock KCN solution were 
introduced. The final volume in each case was 10 ml. Absorbance values 
were then measured at the wavelength maximum for the complex being 
used. 

RESULTS AND DISCUSSION 
The decrease in absorbance for a solution of each of these mercury 

complexes was found to  be linear with increasing cyanide concentration. 
The concentration of the mercury complex was chosen so that the absor- 
bance of the stock solution would be 2.0 to 2.5. The decrease in absor- 
bance was divided by the cyanide concentration in the reaction solution to 
obtain an effective molar absorptivity. This data for the Hg(S03)22- com- 
plex, which was studied most extensively, is shown in Table 1. The sen- 
sitivity for cyanide and reproducibility for this species is possibly some- 
what better than for the other solutions. Reproducibility, as indicated by 
recovery data for cyanide from known solutions employing the sulfite 

TABLE 1 
DATA FOR REACTION OF CN- WITH Hg(S03)22- 

CN- CN- A 
( M  x lo5) ( P P ~ )  (230 nm) AA e, Effectiven 

" e, Effective = -AAI[CN-I. 
This value is based on the assumed concentration of Hg(SOj),2- of 8.1 x M, the 

concentration of HgCI, used. 
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TABLE 2 
RECOVERY DATA FOR CN- WITH Hg(S0dzZ- 

CN- present CN- found 
( P P ~ )  ( P P ~ ) "  

0.78 0.75 
1.3 1.3 
1.8 2.0 
2.3 2.3 
2.9 2.8 
3.3 3.1 

a Wavelength 230 nm. 

complex, is presented in Table 2. Concentration ranges for cyanide and 
effective molar absorptivity values for the HgX42- complexes studied are 
summarized in Table 3. 

It is apparent that cyanide forms by far the most stable complex or 
compound with mercury (11). The sulfite complex would appear to be next 
in stability. The HgX42- species with the halide ions and thiocyanate all 
require a very large excess of the anion to repress dissociation. Values for 
the stability constants are shown in Table 4 (7). Solutions of Hg(S0,)22- 
follow Beer's law while solutions of the HgX42- show considerable devia- 
tion due to dissociation. 

The reaction of cyanide with HgBr42- and HgC142- complexes showed a 
greater decrease in absorbance when the bromide or chloride concentra- 
tion was relatively higher. The dissociation of HgBr42- was almost com- 
pletely repressed, as indicated by the molar absorptivity value, when the 
ratio of Br- to Hg(I1) was about 1000. The effective molar absorptivity for 
cyanide using HgBr42- was about 5000 when the ratio of Br- to Hg(I1) was 
25 as compared to 15,000 in 1 M KBr where the ratio was 1000. In the case 
of the HgC1,2- species, the calculated molar absorptivity for the complex 
was 19,000 when the ratio of C1- to Hg(I1) was 2100 compared to 28,000 
for the complex in very concentrated chloride solution (4). The "tet- 

TABLE 3 
SUMMARY OF DATA FOR MONOVALENT ANION COMPLEXES 

Wavelength CN- range 
Complex (nm) E ,  Effectiven ( P P ~ )  
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TABLE 4 
STABILITY CONSTANT V A L U E S  FOR MERCURY (11) COMPLEXES" 

Ligand Log K 1 Log K2 Log K3 Log K.4 

CN - 
SO3*- 
I -  
SCN - 
Br- 
C1- 

" Ref. (6). 
Log K l  x K P .  

rachloromercurate" solution used for trapping atmospheric sulfur dioxide 
which contains stoichiometric amounts of HgCI, and NaCl for the compo- 
sition HgC1i2- (8) probably contains very little, if any, of the complex. 

Cyanide was found to  react with Hg(SCN)2- in 1 M KSCN solution but 
the sensitivity was no higher than in a 0.25 M solution. The reaction 
between cyanide and Hg14'- was far less extensive in 1 M KI than in 0.03 
M solution. There was very little reaction in pH 6.86 buffer while the 
reaction in water showed a lower effective molar absorptivity and poor 
reproducibility. The reaction of cyanide in the range of 0.3 to 1.4 mM with 
0.05 mM HgI," in 5 M NaI solution was reported to  decrease the absor- 
bance of the complex in a somewhat linear manner (2). Cyanide, when 
present in a 10-fold molar excess to mercury (11), was found to  cause a 
large negative error in the determination of mercury (11) as  the Hg14,- 
complex in 1 M KI solution (6). The decrease in absorption was reported 
to be a nonlinear function of the cyanide ion concentration (6). The appli- 
cation of mercury (11) in the presence of excess iodide for the determina- 
tion of cyanide was found to  be useful from 5 x 10-Vo 5 x M cyanide 
ion. The effective molar absorptivity for cyanide appears to be about 1000 
based on the data presented (I). 

A plot of absorbance versus concentration of cyanide for  the  
Hg(SO,),,- complex with a stoichiometric ratio of sulfite to mercury o r  
with a ratio of SO,'- to Hg(I1) of 4.0 extrapolated to zero absorbance at a 
ratio of CN- to  Hg(I1) of 2.0. For the other complexes, where there was a 
large excess of the complexing anion, the absorbance extrapolated to zero 
at a ratio of cyanide to mercury of 3-4. The fact that cyanide bonds to 
mercury (11) in these solutions in competition with the much greater 
number of other complexing anions is an indication of the much higher 
stability of the mercury (11) cyanide species formed. 

The cyanide-mercury complex reactions were studied in distilled wa- 
ter, a pH 6.86 buffer, and a pH 9.01 buffer. The sensitivity values for the 
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HgXd2- species were not appreciably different in the different solutions. 
Reproducibility and sensitivity for the reaction of cyanide with the sulfite 
complex were significantly better in the pH 6.86 buffer than in a pH 9.01 
buffer or distilled water. 

Solutions of the mercury (11) complexes were stable for at least 2-3 
weeks. The presence of a small amount of EDTA seemed to improve the 
stability of the sulfite complex in solution. The absorbance values of the 
reaction solutions did not change over a period of 10- 12 hr. 

Sulfide ion was found to react with these complexes, even with the very 
high levels of the complexing anions, to form the extremely insoluble 
mercuric sulfide. Sulfite ion had little effect on the absorption of the 
HgX42- species with the high concentration of the monovalent anion pres- 
ent. It does not seem likely that any of these monovalent anions would 
interact with any of these mercury complexes under the conditions 
employed in this work. 

SUMMARY 
Cyanide ion can be determined in the range of 0.50 to 10 parts per million by the decrease 

in ultraviolet absorption of the mercury complexes H ~ B T , ~ - ,  HgCld2-, HgId2-, Hg(SCN)4Z-, 
and Hg(S0,)22-. The decrease in absorbance is linear with cyanide concentration. Reaction 
of cyanide with the complexes is rapid in pH 6.86 and 9.01 buffers and in water. Solutions of 
the complexes are reasonably stable. 
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INTRODUCTION 

Since the inception of pesticide analysis, the need to remove extrane- 
ous materials has been felt. The most widely used system (Florisil) (2) of 
cleanup of pesticide extracts removes mercapto groups from organophos- 
phorus pesticides (3). 

A carbon column is described by Sherma (3), which is useful for 
cleanup but involves the use of obnoxious chemicals and finely divided 
carbon, a most unpleasant laboratory reagent. Reichling (2) has suggested 
a zinc carbonate cleanup, but this suffers from the same defects as the 
Florisil cleanup. 

We tried cellulose because it was less reactive than the absorbent men- 
tioned (3). Cellulose poses no problems in handling in the laboratory. 

REAGENTSANDAPPARATUS 
Whatman cellulose CF-1 I activated by heating in a vacuum oven over- 

night at 85°C (35 in. of vacuum) and nanograde benzene and hexane 
(Mallinckrodt) or equivalent, anhydrous granular sodium sulfate (Mal- 
linckrodt) were used. The apparatus used consisted of the following: 
chromatographic columns (10 x 74 cm) with glass disc and Teflon stop- 
cocks, Kontes pesticide concentrating glassware, Kuderna Danish 
Snyder columns, and concentration tubes from Kontes, and a Perkin- 
Elmer 3920 gas chromatograph with glass columns 6 feet long packed 
with OV-101 (10% on Gas ChromQ) and equipped with phosphorus and 
sulfur flame photometric detectors. 

PROCEDURE 
(1) Twenty grams of activated cellulose is placed in 50 rnl of hexane, 

suspended, and decanted into the column. The fluid is withdrawn until the 
level of solvent is approximately at the top of the cellulose. One inch of 
anhydrous sodium sulfate is added to the top of the column (see Fig. 1). 

(2) The sample in question (e.g., mixed feed) is extracted with 100 ml 
acetonitrile per 20g of sample. It is blended in an explosion-proof blender 
for 1 rnin or shaken for 10 min if already finely divided. 
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(3) The sample is filtered into a separatory funnel (an FG-4 Whatman 
glass fiber filter paper works well). The exact volume which is recovered 
is recorded. 

(4) To the separatory funnel is added 250 ml of 2% NaCl and 100 ml of 
hexane. 

(5) The contents of the funnel are shaken together for 5 min and al- 
lowed to separate. The hexane layer is removed. 

(6) The hexane layer is concentrated to 0.5 ml by means of Kuderna 
Danish Snyder column (3 ball) and concentrator apparatus. 

(7) The concentrated extract is added to the cellulose column, and 50 
ml hexane are added. This eluate is retained. 

(8) One hundred milliliters of 8% benzene and 92% hexane are added to 
the column, allowed to elute from the column, and are saved. 

(9) The combined hexane and hexane-benzene solvent samples are 
concentrated to 1 ml and analyzed by gas chromatography, high perfor- 
mance liquid chromatography, thin-layer chromatography, or  GCImass 
spectrometry, as appropriate. 

Column 

n - (2.5 cm diameter ) 

FIG. 1.  Diagram of cellulose column. 



TABLE 1 
PROCEDURE OUTLINE FOR COLUMN PREPARATION 

Cellulose CF-11 activated at  85"C, 35 inches of vacuum overnight 
Sluny pack column in pet. ether 
Add upper layer of anhydrous sodium sulfate 

TABLE 2 
PROCEDURE OUTLINE FOR SAMPLE PREPARATION 

1. Extract sample in 100 ml acetonitrile. 
2. Add 250 ml of 2% NaCl in H P ,  100 ml pet. ether; shake. 
3. Remove pet. ether layer; repeat with another 100 ml pet. ether; combine pet. ether 

extracts. 
4. Concentrate to 1 ml. 
5. Place 0.5 ml on cellulose column. 
6. Elute with 100 ml of 8% benzene, 92% pet. ether (volume). 
7. Concentrate to 0.5 ml, analyze. 

FIG. 2. TLC with and without cleanup. Note that the cellulose cleanup removes a signifi- 
cant amount of extraneous material from the extract (especially low R,). The two inner bands 
were not cellulosed. 
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I Thimet I 

FIG. 3. Gas chromatography with and without cellulose cleanup prior to injection. (A) with 
cellulose cleanup; (B) no cleanup. 

DISCUSSION AND CONCLUSION 
The procedure outlines are shown in Tables 1 and 2. Figures 2 and 3 

show the extent of the cleanup. Figure 2 is the TLC photograph and Figs. 
3A and B are the gas chromatograms. The recoveries of four organophos- 
phorus pesticides are shown in Table 3. The range is 80-90%, and a 
relative standard deviation of + 5% was obtained. The recoveries for car- 
bamates are somewhat lower, 50-75%, but the increased cleanliness 
which results is a significant advantage in mixed feeds and forage 
samples. 

TABLE 3 
RECOVERY OF ORGANOPHOSPHORUS PESTICIDES FROM CELLULOSE COLUMN 

Pesticide 
Without 

Cellulose column cellulose column 

Thimet 
Methyl Parathion 
Malathion 
Parathion 



COLUMN CLEANUP FOR PESTICIDES 

SUMMARY 
A simple, rapid method to clean up toxicological samples has been developed. The method 

greatly improves the matrix contribution to TLC or  GLC analysis. 
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INTRODUCTION 
The sequestering agents EDTA (ethylenediaminetetraacetic acid) 

and NTA (nitrilotriacetic acid) as sodium salts may both be contained 
in laundry products, bathroom cleaners, and other detergents. They 
react with calcium and magnesium in hard water, forming stable and 
soluble chelates. As water softeners they have partly replaced 
polyphosphates to reduce eutrophication phenomena. Anyhow they 
contribute to the pollution problem owing to their toxicity. Methods 
for evaluation of EDTA and NTA content of detergents are based on 
complexometric titrations with different ions, in the presence of visual 
indicators to detect the end-point ( 1 ,  4, 5). Recently an instrumental 
method based on a spectrophotometric titration has been reported (2). 
The present paper describes a new procedure based on a consecutive 
potentiometric titration with iron(III), in the presence of ferroin, a 
platinum. electrode being used as an end-point detector. The theory of 
complexometric titration of EDTA and NTA and results obtained by 
analyzing synthetic mixtures has been reported (3). The difficulties 
encountered by analyzing EDTA and NTA in detergents are rather 
enhanced because of the complexity of manufactured products and 
phosphates interference. The proposed procedure adopts mag- 
nesium(I1) to remove phosphates as magnesium ammonium phosphate, 
after conversion of pyro- and triphosphate into orthophosphate by 
hydrolysis. 

EXPERIMENTAL 
Reagents. Redistilled water and analytical grade reagents were used. 

Iron(II1) chloride 0.1 M in 0.1 N sulfuric acid was standardized com- 
plexometricall,y. Ferroin solution was prepared as described (3). Ni- 
trilotriacetic acid and disodium ethylenediaminetetraacetate were stan- 
dardized complexometrically. 

Apparatus. Potentials were measured to 0.5 mV with a Knick pH 
35 mVIpH meter. A platinum foil of approximately 0.15 cm2 geometric 
area was used as indicator referred to a SCE. The reproducibility and 
stability of the potential measurements were significantly improved by 
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storing the platinum electrode in thiosemicarbazide 0.3 M in 1 M hy- 
drochloric acid. Before use the electrode was rinsed with redistilled 
water. 

Procedure. A 3- to 4-g sample of detergent powder containing not 
less than 1% EDTA or 0.5% NTA to which 2.5 g magnesium sulfate 
eptahydrate (for detergents containing not more than 40% sodium 
triphosphate) was added was stirred for 5 min with 60 ml of water at 
50-60°C. The pH was adjusted to 9 2 0.1 with 0.1 M sodium hy- 
droxide. The mixture was transferred to an appropriate test tube and 
centrifuged at 5000g for 10 min. The extract supernate was transferred 
to a 250-1111 conical flask, the residue was twice rinsed with 15 ml of 
water, and the rinsings were added to the first supernate. To the 
combined extracts 18 ml of 36% w/w hydrochloric acid was added, 
and the solution was gently boiled for 30 min and filtered through fast 
filter paper to remove coagulated fatty material. The filter was rinsed 
twice with 10 ml warm 25% hydrochloric acid. The solution was 
cooled to room temperature and the acidity was first neutralized to 
pH 2-3 with 40% w/v sodium hydroxide then to phenolphthalein with 
32% w/w ammonia. An 1-ml ammonia excess was still added, and the 
precipitation mixture containing magnesium ammonium phosphate was 
maintained at least 1 hr at  room temperature and then filtered or 
(when necessary) centrifuged. The precipitate was rinsed three times 
with 15 ml ammonia (1:20) and the combined aqueous phases were 
transferred in a 250-ml beaker. The pH was first adjusted to 2.5-3.0 
with 36% hydrochloric acid then to 4.7 k 0.1 with 2 ml 1 M sodium ace- 
tate to obtain a buffered appropriate system. Finally a potentiometric 
titration was carried out under constant stirring, in the presence of 2 
ml ferroin solution, by using platinum-calomel electrodes and 0.1 M 
iron(II1) as titrant. The EDTA content was given from the iron con- 
sumed to the first inflection point, the NTA from that consumed to 
the second (see Fig. 1). 

RESULTS AND DISCUSSION 
Accuracy of the method was checked by adding known amounts of 

EDTA and NTA to detergent powders free from these sequestering 
agents. Results are shown in Table 1. For a concentration range from 
ca. 1.7 to 4.7% EDTA or NTA, the mean recovery was 93% for 
EDTA and 89% for NTA. Losses during EDTA and NTA determina- 
tion in detergents are also quite common by employing different 
methods. Therefore Longman (5) suggested to multiplying all results 
by 1.1, in order to obtain the correct figure. Other authors (2) found 
8.75% NTA in a commercial sample whose content according to the 
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FIG. 1. Experimental titration curve using iron(II1) as titrant, for the EDTA and NTA 
determination in detergents. Shown is the titration of a detergent sample (3.141 g) con- 
taining 3.1% EDTA and 2.6% NTA. 

manufacturer was 10%. In the present paper the use of magnesium is 
proposed to remove phosphates as well to reduce EDTA losses. Mag- 
nesium reacts at pH 9 with EDTA to form the well-known chelate, so 
occlusion and coprecipitation in the residue during the extraction step 
may be limited. When the use of magnesium was omitted the recovery 
was checked to fall to 73%. The effect over the NTA recovery was 
negligible according to log a,,,,=, values at pH 9: 2.6 for MgNTA and 
5.8 for MgEDTA (6). The presence of magnesium does not interfere in 
the course of the final titration with iron(II1) at  pH 5 results: log 
~ M ~ E D T A  = 0.7 and log a,,,,, = 0.1. An important advantage inherent 
in the use of magnesium is the possibility of removing phosphate as 
magnesium ammonium salt. It is known that polyphosphates must be 
hydrolyzed to orthophosphate to prevent their sequestering effect to- 
ward the titrant (5). 

This procedure needs orthophosphate remotion too, in order to pre- 
vent formation of iron phosphates that result in a large positive error 
for NTA. Remotion of orthophosphate is also advisable when the 
complexometry with copper(I1) and indicators has to be performed, as 
it makes the color change sharp and stable. In this case lithium was 
found more convenient than magnesium. It does not form in practice 
complexes with EDTA and NTA so the conditional constant copper- 
-EDTA or  NTA is unaltered. Results obtained by titrating some 
samples listed in Table 1 with indicators (3, after phosphates remo- 
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tion with lithium, confirm those obtained potentiometrically. A com- 
mercially available sample containing NTA was examined in order to 
check the precision of the method proposed in this paper. Results 
were corrected for an 89% mean recovery. A series of five determina- 
tions gave an NTA content of 0.8 2 0.06%. 

SUMMARY 
A method is described for the potentiometric titration with iron(II1) of EDTA and 

NTA in detergents, a platinum electrode being used as indicator. EDTA and NTA were 
extracted at pH 9 and 50-60°C in the presence of magnesium(I1). Interference from 
polyphosphates was minimized by hydrolysis to orthophosphate followed by remotion 
as magnesium ammonium phosphate. Complexometric titration was canied out at pH 
4.7 in acetate medium, in the presence of ferroin. A preliminary cleaning of the 
platinum electrode with thiosemicarbazide in hydrochloric acid was found to improve 
significantly the potential measurements. A mean recovery of 93% for EDTA and 89% 
for NTA was observed. 
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INTRODUCTION 
Matrix effects have been responsible for many of the difficulties en- 

countered in the determination of trace metals in biological specimens, 
particularly of lead. Some interferences have been listed, for example (a) 
the presence of variable amounts of both cations and anions, and (b) light 
scattering by molecular vapors of salts present (4, 8). Fuller (7) has com- 
mented on the "condition" of the graphite tube and suggested that the 
vapor phase effect of interfering salts could be overcome by a solid phase 
reaction or by a soft powdery carbon coating which is present on old 
graphite tubes. The use of pyrolytically coated furnaces has been advo- 
cated since the inception of the technique (I, 10) and various evaluation 
studies of such tubes have been undertaken (11, 17). A major disadvan- 
tage of this type of coating is that it is progressively removed from the 
surface during use. Recoating of tubes may require recalibration. Hodges 
(8) altered the characteristics of graphite tubes by pretreatment with am- 
monium molybdate. On the addition of orthophosphoric acid to the 
specimen of urine he found that both chlorides and sulfates were removed 
as free acids during the drying and ashing stages. The pretreatment of the 
carbon tube with molybdenum resulted in a low nonspecific absorption 
signal. Other reports of pretreatment of tubes have been published (3, 14, 
16, 18) but none of these gives details regarding the reproducibility of the 
treatment process. To counter the interelement effects of alkaline earths, 
Regan and Warren (15) altered the matrix of their specimens by the addi- 
tion of ascorbic acid at the 1% level. They found enhanced peak height 
signals ranging from a factor of about 1.4 for lead to 1.95 for copper and 20 
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for gallium. However, McLaren and Wheeler (12) found that although 
additives such as ascorbic acid and hydrofluoric acid resulted in consider- 
able enhancement of the absorption signal, the peaks in all instances were 
double peaks. 

In the studies presented here we show that the surface characteristics of 
untreated graphite tubes are so altered in the presence of a complex 
matrix such as blood that it is impossible to obtain accurate and reproduc- 
ible results for lead in blood in an argon atmosphere nor is it possible to 
use pure acid lead standards for the determination of lead in blood as 
suggested by Fernandez (6). When the surface characteristics of the 
graphite tube were altered by applying a tungsten coating process (13) 
which is highly reproducible and which results in a tube lifetime of more 
than 2000 firings (E. Norval and H. G. C. Human, to be published), both 
accurate and precise results for lead in blood were obtained. 

MATERIALS AND METHODS 
Instrumentation 

Atomic absorption spectroscopy. A Perkin-Elmer Model 603 double- 
beam atomic absorption spectrophotometer was equipped with an Inten- 
sitron hollow cathode lamp as light source operated at 8 mA. Simulta- 
neous background correction was provided by a deuterium arc  
background corrector which compensated for light scattering and molecu- 
lar absorption of any undissociated species resulting from the complex 
blood matrix. The HGA-2200 graphite furnace had an optical temperature 
sensor for continuous monitoring of the furnace temperature and repro- 
ducible temperature control. The power unit (2 10-240 V, 50160 Hz, 15 A) 
was fitted with variable timers for the sequential operation of the three 
power cycles, drying, charring, and atomization. A variable internal gas 
flow controller allowed the argon flow inside the graphite tube to be 
stopped automatically for a set period at the start of atomization. In 
addition the HGA ramp accessory permitted the gradual increase and 
holding of temperatures for all three cycles of the furnace operation. A 
fourth cycle, the auto high temperature stage, could not be used in this 
operation as it was found that in the automatic operation the graphite tube 
had not cooled sufficiently to accept the next sample. 

An automatic sampler, Perkin-Elmer Model AS-1, was used to dis- 
pense 10-p1 samples into the graphite furnace. The precision syringe 
pump was found to take up and accurately dispense the prepared blood 
specimens with a precision of volume delivery within 1% while the wash- 
ing system of the AS-1 was found to be adequate to ensure no carryover. 
Approximately 750 p1 prepared blood specimens were contained in small 
disposable plastic cups in a sample tray capable of holding 30 cups. A 
Model 56 recorder, which permits full-scale pen travel in less than 0.5 sec, 
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TABLE 1 
HGA-2200 OPERATING PROGRAM 

Flow time 
Drying Ramp Charring Ramp Atomization stop Integration 

Time (sec) 60 50 60 50 7 7 7 
Temperature ("C) 150 600 2400 - - 

was used to record all traces and data were logged on a PRS-10 printer 
sequencer. 

HGA-2200 graphite furnace operating program. The operating program 
of the HGA-2200 graphite furnace is shown in Table 1. Times and temper- 
atures shown were arrived at after several trial runs. For example, the 
optimum charring temperature was found by measuring the maximum 
peak height signals for successive temperatures at 100°C intervals given 
by a 1 ppm standard lead solution in blood while keeping the atomization 
temperature constant. Similarly, the optimum atomization temperature 
was found by keeping the previously found charring temperature con- 
stant. An atomization time of 7 sec was sufficient for maximum signal and 
this was combined with a flow time stop of 7 sec during which the internal 
argon flow was reduced to approximately 48 mumin. The "high tempera- 
ture" (2650 2 100°C) was used only after each set of runs had been 
completed, that is after 40 firings, to remove any sample residues. 

Electron microscopy. Electron microscopy of the residues found in the 
graphite tubes was carried out  with a n  A.E.I.  electron micro- 
scope-microprobe analyzer EMMA-4, fitted with an Ortec Model 7000 
energy dispersive Si(Li) X-ray fluorescence analyzer. A minilens to  focus 
the electron beam in the microprobe mode enabled a probe beam of 
200-nm diameter to be obtained. Energy data were collected and dis- 
played in a multichannel analyzer. It is possible to identify elements of 
atomic weight greater than or equal to 23 with this instrument. An ac- 
celerating voltage of 60 kV was used and the microprobe current was set 
at 0.2 pA. The probe diameter was 100 nm at 20,000 magnification and 
counting time for X rays was 100 sec. 

Glassware and reagents. All glassware was acid washed overnight in 
chromic acid and then repeatedly rinsed with water, double distilled in 
glass. All reagents used, including those for precipitating the proteins in 
blood, were of analytical-reagent grade with the exception of Triton X- 100 
(iso-octylphenoxypolyethoxyethanol), which is a British Drug House labo- 
ratory reagent. 

Standard solutions of lead were prepared by diluting a stock solution, 
1000 ppm (mIV) in 0.1 M perchloric acid (Hopkins and Williams Ltd., 
England), with 0.01 M hydrochloric acid. The working solutions (1 pg 
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ml-l, 2 pg ml-', etc.) were prepared fresh daily and stored in lead-free 
polyethylene bottles. 

Preparation of blood specimens. Two techniques were used for prepar- 
ing the blood specimens. For the determination by graphite tube, aliquots 
of lead standard were added to 1.0 rnl heparinized blood and thoroughly 
mixed on a vibration mixer for 2 min. The blood was then made up to 10.0 
ml with 0.1% Triton X-100 and again thoroughly mixed as before. 
Aliquots of the prepared blood, for which the final dilution was to 10 
volumes, were placed in disposable plastic cups for total lead content 
determination. 

In order to test the accuracy of the results obtained by the graphite tube 
method, blood was prepared by the modified Einarsson and Lindstedt 
method (5) previously outlined (2). These determinations were then car- 
ried out by the flame method and compared with results obtained by 
graphite tube. All determinations (both flame and graphite tube) were 
carried out using a wavelength of 283.3 nm. 

Preparation of specimens for electron microscopy. Scrapings were 
made of the residues found in the untreated graphite tubes, care being 
taken to avoid removal of any pure carbon. The scrapings were finely 
ground in an agate mortar and the particles were suspended in glass 
double-distilled water using an ultrasonic vibrator. Droplets of the particle 
suspensions were then pipetted onto 3.0-mm electron microscope grids, 
on which carbon-coated collodion support films had been previously 
mounted. The droplets were allowed to evaporate in a dust-free atmo- 
sphere before being placed in the electron microscope microprobe 
analyzer. 

Tungsten-coated graphite tubes. A novel process for coating commer- 
cial graphite tubes with tungsten (13) has been employed for this study 
and a description of this process will be given in a subsequent paper. The 
coating method ensures a more durable surface which eliminates surface 
interference effects. The functional lifetime of the tube was prolonged by 
this technique (over 2000 firings at 2700°C under severe corrosive condi- 
tions) and significant variations in tube performance from batch to batch 
were eliminated. 

RESULTS 
Figure 1 shows the graphs obtained for lead-in-blood results using un- 

coated graphite tubes when the method outlined by Fernandez (6) was 
followed. Although linear graphs were obtained as shown by graphs A and 
B, when lead standards in 0.01 M HCl were interspersed between the two 
sets of readings (A and B), the effect of this interspersion was to increase 
the slope of the graph from B to A. In a subsequent experiment a standard 
curve was drawn by conditioning the graphite tube with a blood specimen 
to give a constant value, then reading an acid standard twice. Blood was 
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ADDED LEAD CONCENTRATION IN P.P.M. 

FIG. 1.  Lead in blood graphs using untreated graphite tubes. Explanation ofgraphs A, B ,  C, 
and D is given in text. 

again introduced until a constant value was obtained and the next acid 
standard was read twice as before. This was repeated for all subsequent 
standards. Separate graphs were drawn for the first and second readings 
of the standards. The two lines were divergent as shown by graphs C and 
D with the first reading (D) lower than the second (C). Figure 2 illustrates 
the divergence of the graphs when lead in 0.01 M HCl is compared with 
lead in blood. It is evident that the method suggested by Fernandez (6) is 
not valid particularly from 0 to 80 pg PbI100 ml blood. 

2 0  0 2 0  4 0  6 0  8 0  100 120 140 
LEAD CONCENTRATION IN FINAL SOLUTION 

pg/lOOml 

FIG. 2. A comparison of the graphs of lead standards in blood with aqueous (0.01 M HCl) 
lead standards. X-  - - -, Aqueous (0.01 M HCl) lead standard; 0 - , blood lead 
standard. 
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FIG. 3. Longitudinal section of untreated graphite tubes after approximately 200 firings 
showing residues from blood lead determinations. 

Figure 3 shows a longitudinal section of uncoated graphite tubes after 
approximately 200 firings from determinations of lead in blood and in 
dilute acid. The residues in the tubes are clearly visible. Electron micros- 
copy of the scrapings taken from the tubes (Fig. 3) shows that two types of 
particles were qualitatively distinguishable based on their elemental 

FIG. 4. Energy dispersive Si(Li) X-ray fluorescence analyzer spectrum obtained from 
scrapings of residues in untreated graphite tubes. Major peaks for Si (1.8 eV), P (2.1 eV), S 
(2.4 eV), Pb (2.6 eV), and Fe  (6.4 eV). Minor peaks for K (3.4 eV) and Ca (3.7 eV). 
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ADDED LEAD CONCENTRATION IN P.P.M. 
FIG. 5. Calibration graph for lead in blood using tungsten-coated graphite tube. Each point 

on the graph represents the mean of 50 determinations over a period of 5 days. 

spectra. Twenty of each type were assessed. However, both types of 
particles observed contained the following elements in common: Si (1.8 
eV, Ka), S (2.4 eV, Ka), K (3.4 eV, Ka), and Ca (3.7 eV, Ka). In the one 
type of particle, extra peaks were present for P (2.11 eV, Ka), Pb (2.6 eV, 
MP),  and Fe (6.4 eV, Ka). In this particle (Fig. 4), the high peak for Fe is 
indicative of a high concentration of Fe in association with Pb and P. It is 
possible that the silica found is a contaminant from the agate pestle and 
mortar. The other elements found, with the exception of lead, are normal 
physiological constituents of blood. 

The tungsten-coated graphite tube used was fired for 652 determina- 
tions for lead in blood. Lead in dilute acid was not interspersed with the 
lead in blood determinations and each point on the linear calibration graph 
(Fig. 5) is the mean of 50 determinations. The determinations were carried 
out twice daily for 5 consecutive days and blood specimens were freshly 
prepared each day by adding the requisite amount of lead standard. It was 
found that (Fig. 5) r(6) = 0.999 and 100r2 = 99.9% which is the percentage 
of the variation explained by the regression y on x. The standard error of 
the straight line y on x (Sy ex) is 0.0073. The fact that 100r2 is almost 100% 
shows that the analytical conditions for generating a straight line calibra- 
tion are excellent. This is further borne out by the very small Sy .x value. 
Using the above graph, lead was determined on two representative sam- 
ples of blood, giving 13.3 and 53.1 pg/100 ml, respectively. The flame 
method gave 11.3 and 50.5 pg/100 ml, respectively. 

The confidence intervals for the estimate of Pb in blood using our 
calibration graph and taking into account all the variances involved within 
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days and from day to day, as well as operator errors, machine errors, and 
other undetermined errors, are lowest at the center of the graph and 
highest at the extremes (Table 2). It also depends on the number of obser- 
vations taken in determining a value (K) and on the value of a required 
(where a is the probability of being wrong). Taking the least favorable 
case where K = 3, the interval at the ends of the calibration line is + 2.4 
pg1100 ml at 5% confidence limit and + 3.8 pg1100 ml at 1% limit. At the 
center of the line the confidence interval is lower. If K = 6, the confidence 
limit drops to 2.1 pgl100 ml at 5% level and 2.9 pg/100 ml at the 1% level at 
the ends of the calibration line. 

With the flame method the confidence interval is about 4 pgI100 ml 
above or below the mean which represents ca. 1% of full scale deflection 
on the recorder. Hence the results on the flame compare favorably with 
the coated graphite tube, the latter showing a higher degree of precision. 

DISCUSSION 
Fernandez (6) described a very convenient method for lead in blood 

determinations which requires very little preparation of the blood speci- 
mens. However, the method recommends the use of a set of aqueous 
(dilute acid) lead standards in a calibration graph to be used for reading 
the absorbance values obtained for blood specimens. It was found that 
this method could not be used with any degree of assurance since the 
slope of the aqueous standard graph appeared to depend on the history of 
the graphite tube. Thus if a standard graph was made with aqueous lead 
standards and the tube was then used for determining lead in blood, the 
characteristics of the tube appeared to be changed so that a subsequent 
graph drawn with aqueous standards was different from the previous 
aqueous standard graph. It was also found that a new untreated tube took 
about 100 firings before it was stabilized, using a blood matrix. Standard 
graphs then drawn from the same blood with the stabilized tube gave 
slopes varying by not more than + 10%. However, no other matrix (e.g., 
lead in dilute acid) could be introduced without altering the tube charac- 

TABLE 2 
CALCULATED CONFIDENCE LIMITS OF ESTIMATED LEAD IN BLOOD 

Average Confidence limits 
absorbance pg Pb/ 100 ml 

based on five readings blood At 5% level At 1% level 

0.1 23.2 & 2.2 & 3.1 
0.2 46.4 r 1.9 r 2.7 
0.3 69.6 & 1.8 -c- 2.5 
0.4 92.8 a 1.9 +- 2.7 
0.5 116.0 2 2.1 -t 3 .1  
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teristics since the same blood would then give completely different read- 
ings. 

The cause of the problem appears to be the residue which accumulates 
in the tube when blood is analyzed. Apart from the elements found as 
shown by the electron micrograph (Fig. 4), the residue was found to 
consist of about 50% carbonaceous material which was oxidizable in air at 
500°C. The presence of lead in the residue indicated that the atomization 
of lead was not completed once it became trapped in this matrix. Koir- 
tyohann and Hopkins (9) found losses of trace metals by retention in an 
acid-insoluble form in the ashing vessel. They concluded that the con- 
tainer material, condition of the surface, type of tissue, and ashing tem- 
perature were important variables which affected this loss. 

In the study presented here the alteration of the surface characteristics 
of the graphite tube, by applying a highly reproducible coating which 
results in a greatly lengthened tube lifetime, appeared to be largely re- 
sponsible for preventing the formation of the residue found in the un- 
treated tube. 

SUMMARY 
A new technique is introduced in trace metal determinations in biological materials by 

coating the graphite tube with tungsten by a highly reproducible process. This coating 
appeared to be responsible for the prevention of residue formation that occurred in untreated 
graphite tubes when lead in blood was analyzed. The life of the graphite tube was thus 
increased by about 300% for this matrix. 
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INTRODUCTION 
The formation of complexes of triphenylphosphine (TPP) and other 

phosphines with noble metals follows from Ahrland's (I) and Pearson's 
(5) general rule of affinity of "soft" bases to metal ions that are "soft" 
acids. Some of these compounds have been used for extraction of silver 
(2) and gold (8). 

Extraction of palladium (11) complexes from halide medium with 
triphenylphosphine and its arsenic and antimonic analogs in various or- 
ganic solvents has been observed by Senise and Levi (6). Extraction of 
iodide complex of palladium with triphenylarsine has been used for a 
spectrophotometric determination of this metal (7). The interference of 
small amounts of platinum with the determination of palladium can be 
eliminated by sulfite addition. 

The extraction efficiency of halide complexes of palladium and 
platinum with neutral solvents, e.g., dialkyl sulfides (4),  increases in the 
order: chlorides, bromides, iodides. From the viewpoint of selectivity it is 
then of advantage to carry out the extraction from chloride medium, 
provided that the extraction efficiency is high enough. 

The studies carried out in this work on the extraction of palladium with 
TPP solution in benzene from chloride medium were aimed at elaboration 
of a simple spectrophotometric method of the determination of palladium 
under conditions of limited interference of platinum. 

MATERIALS AND METHODS 
Reagents. Triphenylphosphine (TPP) (Chemapol, Chechoslovakia) was 

reagent grade and was recrystallized twice from warm ethanol. The melt- 
ing point found for TPP (81 -82°C) was in agreement with the published 
data. 

Standard palladium (11) solution of a concentration of 1 mglml was pre- 
pared by dissolving palladium chloride in 4 M hydrochloric acid. The 
solution was standarized gravimetrically with dimethylglyoxime. 

Present address: Department of Analytical Chemistry, Jagiellonian University, Krup- 
nicza 41, 30-060 Cracow, Poland. 
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Platinum (IV) solution in 4 M hydrochloric acid of a concentration of 
19.6 mglml was obtained by dissolving the pure metal in aqua regia. The 
solution was evaporated several times with concentrated hydrochloric 
acid and the residue was dissolved in 4 M hydrochloric acid. 

Other reagents used throughout this work were of analytical purity 
grade. 

Instruments. Photometric measurements were carried out with a 
VSU-2P spectrophotometer and a SPECORD UV VIS recording spec- 
trophotometer (Carl Zeiss Jena) using 1- and 5-cm quartz cells. 

RESULTS AND DISCUSSION 
Optimum Conditions of Palladium Extraction 

TPP solution in benzene extracts palladium from hydrochloric acid so- 
lutions, with the formation of a complex, which shows an absorption 
maximum at 346 nm. The absorption curves of a TPP solution in benzene 
(curve I), of the palladium complex (curve 3), and of the palladium com- 
plex with an excess of TPP (3) are shown in Fig. 1. 

The absorbance of TPP at the absorption maximum of the complex is 
low, and above 350 nm it is practically negligible. The molar absorptivity 
of the palladium complex with triphenylphosphine at 346 nm amounts to 
2.26 x lo4 M-l liter cm -I. 

The effect of time on the extraction of palladium is shown in Fig. 2. A 
period of at least 15 min is necessary for effective extraction. 

Wavelength Inml 

FIG. 1.  Absorption curves oE (1)  TPP solution in benzene, (2) Pd-TPP complex, (3) 
Pd-TPP complex with an excess of TPP; cpd = 3 pglml, cTpp = 1.5%, CHC, = 2 M. 
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10 20 30 
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FIG. 2. The dependence of the extraction of palladium and platinum with TPP solution in 
benzene on the shaking time; cw = 3 d m l ;  cp, = 2 mglml; c,,, = 1.5%; c,,, = 2 M .  

The concentration of hydrochloric acid in the aqueous phase, in the 
range 0.5-6 M (Fig. 3), does not practically affect the extraction of pal- 
ladium with TPP solution in benzene. A considerable excess of the re- 
agent is necessary for extraction of palladium. First at TPP concentrations 
above 1% good extraction eff~ciency is attained (Fig. 4). 

The Composition of the Extracted Species 
The dependence of the distribution ratio of palladium on the TPP con- 

centration in the organic phase was examined. The dependence is shown 

2 4 6 
conc. HCI [MI 

FIG. 3. The effect of hydrochloric acid concentration on the extraction of palladium and 
platinum with TPP solution in benzene; cm = 3 &ml; cp, = 2 mglml; c ~ ,  = 1.5%. 
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FIG. 4. The effect of TPP concentration on the extraction of palladium and platinum; c,  
= 3 pg/ml; cm = 2 mg/ml; c,,, = 2 M. 

in Fig. 5, in the logarithmic coordinate system. The slope of the curve, 
approximately equal to 2, indicates that the extracted species contains 
two molecules of triphenylphosphine. 

The palladium complex obtained by shaking 0.0 1 M triphenylphosphine 
solution in benzene with 0.1 M palladium (11) solution in 2 M hydrochloric 
acid was isolated by evaporating the solvent. The obtained product was 

- 2 - 1 
log [TPPI, 

FIG. 5. The dependence of the distribution ratio of palladium on the equilibrium concen- 
tration of TPP in the organic phase; cw = 1 x M; CH,, = 2 M. 
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recrystallized (twice) from a mixture of benzene and alcohol and the 
content of palladium, chlorine, and phosphorus in the complex was de- 
termined. It has been found that the composition of the complex corre- 
sponds to the formula-PdClz -2 TPP. 

The extraction of palladium (11) with triphenylphosphine from hydro- 
chloric acid solutions can be presented as follows: 

The Effect of Foreign Ions 
A 20-fold excess of platinum metals, gold, silver, mercury, copper, 

nickel, cobalt, and other metals has no effect on the spectrophotometric 
determination of palladium with triphenylphosphine. 

Complexes of the type MeCl, emPR3 were prepared for all platinum 
metals (3). From 2 M hydrochloric acid all platinum metals except pal- 
ladium are not extracted with TPP and platinum is only slightly extracted. 
This is presumably due to the fact that electronegative chloride complexes 
of platinum metals are highly inert. A similar behavior was observed in 
the extraction of platinum metals with organic sulfides (9). 

Extraction of Platinum with TPP 
At higher platinum(1V) concentrations this metal is slightly extracted 

with TPP solution and shows absorption at absorption maximum of the 
palladium complex. Studies were carried out in order to find conditions 
under which the effect of platinum on the determination of palladium is as 
small as possible and to determine the lowest admissible amount of 
platinum in the aqueous phase. 

The extraction of platinum increases with the shaking time (Fig. 2) and 
with increasing hydrochloric acid concentration (Fig. 3). It follows then 
that the determination of palladium should be carried out at low hydro- 
chloric acid concentration and the time of shaking should be as short as 
possible. These conditions are fulfilled at 1-2 M hydrochloric acid solu- 
tion as extraction medium and a shaking time of 15 min. 

At platinum concentrations in the range 1-5 mg Ptfml the absorbance 
of the extract is so low, that spectrophotometric determination of pal- 
ladium in the presence of platinum is possible provided that the result is 
corrected for the blank. However the extraction of palladium decreases 
with increasing platinum concentrations and at platinum concentrations 
higher than 5 mglml palladium is only partly extracted. 

Determination of Pd in Platinum Samples 
The elaborated method was applied to the analysis of platinum samples 

for palladium. The results of the determination, shown in Table 1, indicate 



TABLE 1 
DETERMINATION OF PALLADIUM IN PLATINUM SAMPLES WITH TRIPHENYLPHOSPHINE 

Pd Standard Pd Total Pd 
founda deviation added found 

Sample (%) s (%I (96) 

a The average of five determinations. 

good precision and accuracy of the method. Bearing in mind the admissi- 
ble concentration of platinum in the solution the method can be used for 
the determination of palladium concentrations not lower than 

SUMMARY 
Palladium is extracted with triphenylphosphine (TPP) solution in benzene from hydro- 

chloric acid medium as the PdC1,-2TPP complex showing maximum absorption at 346 
nm and a molar absorptivity of c = 2.26 x lo4. 

The conditions of palladium extraction have been examined and the composition of the 
extracted species has been found to be PdC1,-ZTPP. 

A 20-fold excess of other platinum and transition metals has no effect on the palladium 
extraction. Palladium can be determined at platinum concentrations up to 5 mgfml provided 
that the result is corrected for the blank. The elaborated method has been applied to the 
analysis of platinum samples containing not less than lo-?% of palladium. 
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INTRODUCTION 
Numerous methods are available for the quantitative determination of 

ascorbic acid, depending upon various analytical principles. Thus Bessey 
(I) reported a visual titrimetric method employing 2,6- dichlorophenolin- 
dophenol. Deutsch and Weeks (3) described a microfluorometric method 
for the determination of ascorbic acid. Roe and co-workers (10) evolved a 
colorimetric method using 2,4- dinitrophenylhydrazine. Various other 
methods, for example, polarographic, (5) chromatographic, (11) and tur- 
bidimetric (9) have also been recently investigated for the assay of ascor- 
bic acid. Recently Shukla and Clausen (12) determined ascorbic acid using 
bromine monochloride in water-acetic acid medium. 

The Folin-Ciolcateu (4) reagent yields a blue color with phenolic com- 
pounds, cysteine, (2) thioureas, (8) and some buffers and monosaccharides 
when present in high concentration (6, 7). The observation that ascorbic 
acid readily forms a blue-colored complex with Folin-Ciocalteu reagent 
led to the development of a simple and accurate procedure for the micro- 
gram determination of ascorbic acid. 

EXPERIMENTAL 
Apparatus. Absorbance (1-cm light path) was read with a CARL ZEISS 

PMQ I1 spectrophotometer. 
Reagents and solutions. All the reagents used were of analytical grade. 

Stock solutions of ascorbic acid were prepared by dissolving 5 to 35 mg in 
distilled water and making up to the mark in a 100-ml standard flask. 

Procedure. A 1-ml aliquot of the stock solution was transferred to a 
25-ml standard flask and made up to the mark with 1% of freshly diluted 
Folin-Ciocalteu reagent. The reaction mixture was allowed to stand at 
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TABLE 1 
MICROGRAM DETERMINATION OF ASCORBIC ACID 

Sample weighta (pg) 
Sample 
number Taken Recovered Deviation (%) 

1 66 65 - 1.5 
2 132 133.7 +1.3 
3 198 195 -1.5 
4 264 260 -1.5 
5 330 336.2 +1.8 

a All determinations were done in triplicate. 

room temperature for 40-50 min. The absorbance of the blue-colored 
complex was measured against a reagent blank at 730 nm. A calibration 
curve was prepared by treating various aliquots of the standard solution 
as described. 

RESULTS AND DISCUSSION 
The above procedure was employed to determine microgram quantities 

of ascorbic acid and the results obtained are presented in Table 1. The 
results are moderately precise and the maximum deviation is about k 

%1.8. Beer's law is obeyed in the range of 50-350 pg. 
The development of color depended on time and the concentration of 

the Folin-Ciocalteu reagent. The absorbance increased with time and, 
after 40 min, it became constant. Therefore the reaction mixture was kept 
for 40 min for optimal color development. The principal advantage of this 
method is its reproducibility and simplicity. 
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BOOK REVIEWS 

Aldehydes in Biological Systems. By E. SCHAUENSTEIN, H. ESTERBAUER, AND H. 
ZOLLNER. Academic Press, London, 1977. 205 pp., f -9.00. 

Aldehydes are found in a wide range of living systems where they have a number of 
significant biological and biochemical functions as metabolic intermediates and also have 
highly specific effects on biological processes such as energy metabolism and biosynthesis. 
The objective of this monograph is to present information on aldehydes in biological systems 
gathered from widely diverse sources, for students and research scientists interested in this 
class of compounds. 

The book includes eight chapters, grouped into an introduction, parts 1 and 2, and a subject 
index. The introduction presents some basic organic chemistry aspects of aldehydes. Part 1 
includes chapters on: saturated aldehydes; alpha-, beta-unsaturated alkanes; alpha- 
hydroxyaldehydes; dicarbonyl compounds; and stable derivatives of aldehydes. Part I1 in- 
cludes chapters on naturally occurring aldehydes and their specific biological functions. Each 
chapter is followed by an extensive list of references to the world literature on aldehydes in 
biological systems. The many illustrations and tables add greatly to the discussions presented. 

There is material in this book of interest to both the specialist in this area and for the 
inexperienced student. Both will benefit by exposure to  concepts presented. This is a worth- 
while addition to the Pion advanced biochemistry series, edited by J .  R. Lagnado. 

DONALD F. LOGSDON, JR., 
USAF Occupational and Environmental Health Laboratory, 

McClellan AFB, California 95652 

Electrochemical Studies of Biological Systems. Edited by DONALD T. SAWYER. 
American Chemical Society, Washington, D.C., 1977. viii + 2 16 pp., $15.50. 

This volume, the ACS Symposium Series 38, presents the proceedings of a symposium 
held at the 172nd National Meeting of the American Chemical Society at San Francisco, 
California on August 30, 1976. (The Symposium was sponsored by the Division of Analytical 
Chemistry.) It consists of 12-distinguished papers discussing the recent development of the 
use of electroanalytical methods in characterizing biological systems. In particular, these 
papers are concerned with the versatile and uniquely effective applications of electroanalyti- 
cal techniques to the determination of the stoichiometries, thermodynamics, and kinetics of 
electron-transfer reactions, atom-transfer reactions, and oxidation-reduction processes. 
Each paper constitutes a separate chapter and provides the available and related literatures. 
An index is also included at the end of the book. 

The first paper by H. B. Mark, Jr., and T. M. Kenyhercz discusses three aspects of the 
spectroelectrochemical study of Vitamin B,, and related cobalamins. These are: (I) the 
time-resolved spectral study of the autooxidation of cob(1)alamins under various experimen- 
tal conditions; (2) the electrochemical behavior of the cob(III)alamins, and (3) the elec- 
trochemical behavior of 5'-deoxyadenosylcobalamin. It is an interesting paper dealing with 
the combined use of optical and electrochemical techniques to the interpretation of the 
complicated mechanisms of electrokinetic processes. 
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The second paper by C. C. Y. Ting, J. Jordan, and M. Gross reports the preliminary 
findings on the electrochemical behavior of porphyrin C and heme C (the prosthetic group of 
cytochrome c). D.C. Polarography, cyclic voltammetry, and coulometry were used in this 
investigation. 

In Chapter 3, a study of the control of the potentials of metal ion couples in complexes of 
macrocyclic ligands by ligand structural modifications conducted by D. H. Busch and eight 
other co-workers is presented. Special attention is focused here on the oxidation-reduction 
processes of the central metal ion. The results are critically interpreted. 

Chapter 4 by K. M. Kadish, L. K. Thompson, D. Beroiz, and L. A. Bottomley deals with 
electrochemical studies on the thermodynamics of electron-transfer and ligand-binding of 
several metalloporphyrins in aprotic solvents. The systems measured include H,TPP, 
Zn(II)TPP, Mg(II)TPP, Mn(II)TPP, Fe(II)TPP, and Co(I1)TPP (where TPP is tetraphenyl- 
porphrin) in various solvents of DMSO, DMF, and butyronitrile. In the succeeding chapter, 
Kadish et al. also report the electron-transfer properties of an N-bridged dimer, p-nitrido- 
bis[ar, 8, y ,  Gtetraphenylporphinatoiron] in methylene chloride. Cyclic voltammetry and 
differential pulse polarography were extensively and comparatively utilized. 

A general framework for understanding the mode of production of active catalysts from 
binuclear Mo(V) (i.e., Mo,Ol,+) complexes and the mechanism by which these species 
catalyze the reduction of nitrogenase substrates was described by Schultz, Ledwith, and 
Leazenbee in Chapter 6. 

The next paper by Howie, Morrison, and Sawyer summarizes the results of the studies of 
- - 

manganese(I1) and -(III) 8-quinolinol complexes acting as model compounds for mitochon- 
drial superoxide dismutase. A sequence of possible redox reaction mechanisms for this par- 
ticular system is proposed and reviewed. 

The interfacial behavior of biologically important purines and pyrimidines and various 
adenine derivatives at pH 9 at the mercury solution interface is demonstrated in Chapter 8 by 
Kinoshita, Christian, Kim, Baker, and Dryhurst. Two major surface electrochemical 
techniques, the capillary electrometer and differential capacitance measurements, were de- 
scribed in detail in this paper. 

In Chapter 9, Szentrimay, Yeh, and Kuwana describe an indirect coulometric titration 
(ICT) method using mediator-titrants (M-T's) for the accurate assessment of stoichiometry 
(n value) and energetics (EO' value) of bioredox components such as cytochrome c oxidase 
and "blue" copper laccases. Some 60 possible M-T's are being studied. 

A rotating ring disk enzyme electrode for biocatalysis studies was discussed in Chapter 10. 
Using this electrode, the effects of substrate mass transport and kinetic control of surface 
catalyzed reactions, particularly immobilized biosurfaces, can be investigated. 

The eleventh paper by Findl and Kurtz deals with the examination of electrokinetic 
potentials in a left ventriclelaorta simulator. The simulators produced pulsed turbulent 
flows, simulating mammalian heart pumping conditions. It has been shown that EKG (an 
electrocardiogram) like signals were generated by the motion of the electrolyte through the 
simulators. It is an interesting paper to go through carefully. 

The closing paper contributed by R. J .  Stolzberg is concerned with the analysis of synthet- 
ic seawater and phytoplankton media for ethylenediaminetetraacetate (EDTA) and nitrilo- 
triacetate (NTA) by differential pulse polarography. Several cations such as Ca, Ni, Co, Zn, 
and Cu with the addition of Cd were examined for the electrode response. 

In summary, these 12 papers are well written. They provide a representative cross-section 
of the kinds of electrochemical techniques and instrumentation that are used to study biolog- 
ical systems. This volume should be considered as an excellent reference book in that 
special field. 

GEORGE W. C. HUNG. 
Woodson - Tenent Laboratories, 

Hill Top Testing Services, 
American Biomedical Corporation, 

Memphis, Tennessee 38101 
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Colorimetric and  Fluorimetric Analysis of Steroids. By J .  BARTOS AND M. PESEZ. 
Academic Press, New York, 1976. xii + 274 pp., $21.50. 

This is number 11 in the series of monographs edited by Belcher and Anderson on the 
Analysis of Organic Materials. 

This volume is aimed at the pharmacist, biochemist, and clinical chemist who is not 
specialized in steroids but who occasionally needs a method of estimation or who wishes to 
acquire a background of knowledge in this field. Thus a rigorous selection was made from the 
thousands of papers dealing with the characterization and determination of natural and 
synthetic steroids. The rules of the selection were that only methods based on the chemical 
reactions performed in solution and yielding a color or fluorescence or exceptionally strong 
absorption in the near-UV are included. Qualitative tests are quoted only when quantitative 
tests can be derived from them. Even within these parameters, although all of the colorimetric 
and fluorimetric methods which have aroused interest are believed by the authors to have 
been included, it is still not claimed to be exhaustive. 

When procedures are detailed they have been tested subsequent to their original publichtion 
and found to be satisfactory. 

A short chapter on nomenclature is included followed by chapters on functional group 
analysis. halochromism, and halofluorism. With these as introduction, the remainder of the 
book divides the steroids into ten sections: Sterols and Vitamin D. Bile Acids, Estrogens, 
Gestogens, Androgens, Corticosteroids, Contraceptive Progestogens, Cardiac Glycosides, 
Steroid Saponins and Sapogenins and Steroid Alkaloids. 

Each chapter opens with an introduction defining its subject, a section on general reactions 
of the group and then specific reactions of selected representatives of the group, and closes 
with a substantial bibliography. 

The book contains an author and subject index. 
Within the limits set by the authors, this volume contains a wealth of information and this 

reviewer feels they have met the objectives set. 

BILL ELPERN, 
9 Surrey Way, 

White Plains, New York 10607 

Principles a n d  Techniques of Electron Microscopy, Vol. 7. Biological Applica- 
tions. Edited by M. A. HAYAT. Van Nostrand Reinhold, New York, 1977. xix + 383 pp. 
$27.50. 

This is the seventh volume of Hayat's multivolume series on the principles and techniques 
employed for studying biological specimens with the aid of an electron microscope (EM). It 
has been developed over the years through the joint effort of 10 distinguished author-scien- 
tists. It consists of 9 chapters, including 153 well-reproduced electron micrographs and 
illustrations, 7 tables, and some 665 up-to-date literature references. The basic approach and 
format in this volume are similar to those in the previous six volumes. Complete author and 
subject indexes are included at the end of the book. 

The first chapter by Isaacson is concerned with the radiation damage of specimens in the 
EM. It discusses briefly the electron scattering process related to potential damage, the 
experimental measurements of radiation damage relating to EM, the damage mechanisms, 
and the proposed techniques to reduce radiation damage. It thus shows electron micros- 
copists the need to quantitate carefully their experimental data and methods with regard to 
radiation damage. 

The second chapter by Nermut describes one of the most successful techniques-freeze- 
drying for preserving the native state of biological structures for EM. Both theoretical and 
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practical aspects of the technique and its biological applications in the study of mac- 
romolecules, viruses, and subcellular fractions are reviewed and discussed. 

In Chapter 3, Peters introduces and describes an interesting technique-equidensite inte- 
gration analysis for image reconstruction of electron micrographs. By this technique, defined 
contrast filtration is possible by employing a photographic copying process using equidensite 
negatives to control the integration of periodic structures as well as producing an average 
image (equidensite rotation method). By means of such copying, a structural correlation of 
the contrast filtered image to the original is carried out, thus making possible the reconstruc- 
tion of the image analogous to optical filtration. This chapter is therefore useful for a 
comprehensive study for applications. 

Chapter 4 by Ruzicka considers G-banding of chromosomes. G-banding involves proce- 
dures carried out on chromosome preparations and subsequent staining with Giemsa (G- 
banding). It enables chromosomes (including those of the human C-, D-. F-, and G-group 
chromosomes) to be differentiated. Methods developed by the author and by others are 
critically described and compared. Observations on the ultrastructure of chromosomes after 
various specific treatments are comprehensively discussed and illustrated. 

In Chapter 5 ,  Geuskens discusses two methods of autoradiographic localization of DNA in 
nonmetabolic conditions. The first method deals with the localization of double-stranded 
DNA by [3H]actinomycin D binding, while the second method is concerned with the detec- 
tion of specific repetitive DNA sequences by in situ molecular hybridization. The former by 
combining with autoradiography is very useful for detecting small amounts of double- 
stranded DNA at the ultrastructural level, while the latter performed at the EM level is still 
in its infancy and needs to be further developed for future applications. 

The optical analysis of the micrograph for structural detail and its optical reconstruction 
with that detail enhanced are demonstrated by Gibbs and Rowe in Chapter 6. While there 
have been achievements in the use of complex filters to  modify phase as well as amplitude to 
enable all types of spatial filtering to be performed on an  analog basis, much further research 
is required in this aspect before it becomes an economic and practical possibility in the 
ordinary laboratory. It is anticipated that high-quality, high-resolution reconstructed images 
can be produced in a modem optical diffractometer in the near future. 

Chapter 7 by Gvosdover and Zel'dovich deals with the physical principles of the mirror 
electron microscope (MEM). The MEM is an instrument for investigating topographical 
inhomogeneities, potential distributions, and magnetic structures on the surface of bulk 
specimens. The materials covered in this chapter include a brief description of the MEM 
design and its modes of operation; a detailed treatment of the classical theory of image 
contrast formation; a display of the experimental results obtained in the shadow projection 
imaging mode of the MEM; a discussion of the theoretical and experimental results on the 
measurements of microfields by the MEM; the quantum effects in the MEM; and the appli- 
cations of the MEM. 

In Chapter 8, Burkholder comments on the methods of collection and preparation of 
metaphase cells, preparation of chromosomes, G-banding and C-banding of chromosomes, 
and chromosome staining for EM. A particular interest has been placed on the study of 
human and other mammalian chromosomes. 

The last chapter by Ellison and Jones reviews some neurobiological applications of 
equidensitometry. Equidensitometry is the study of lines and areas of equal tonal density 
within an image. This method has been successfully used in the study of interferograms and 
spectrograms, and in the fields of astrophysics, illumination engineering, hydrology, photog- 
raphy, and radiation physics. However, its biological applications are still under develop- 
ment and require further work. 

GEORGE W. C. HUNG, Woodson-Tenent Laboratories, Hill Top Testing Services, 
American Biomedical Corporation, Memphis, Tennessee 38101 
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Electron Microscopy in the  Study of Materials. By P. J. GRUNDY AND G. A. JONES. 
Edward Arnold (Publishers) Limited, London, 1976. 174 pp., $19.50 (cloth), $9.50 
(paper). 

The authors of volume seven in the series "The Structures and Properties of Solids" 
describe the basic concepts behind the design of electron microscopes used in the study of 
solid materials. The uses of various electron optical devices are surveyed and the limitations 
and strengths of each are discussed which gives the reader a good understanding of the 
possible applications of each instrument. 

A short historical presentation which includes the major concepts in determining resolu- 
tion of an optical system is presented in Chapter 1. This is followed by a well-prepared 
chapter on the interactions of electrons with matter. The authors understand that these 
interactions must be appreciated before contrast effects can be introduced. Chapter 3 dis- 
cusses the practical aspects of electron microscope design. As the chapter develops, the 
resolution of the microscopes based on design factors is introduced. The merits and disad- 
vantages of electron microscopes are discussed at the end of this chapter. 

Chapters 4 and 5 cover, in a concise manner, conventional transmission electron micros- 
copy and scanning electron microscopy. These two chapters are very well written and would 
provide good background for a person entering the field. The content of these chapters 
comprise the core of the book. There is a final chapter on recent developments in electron 
microscopy which gives the essential information on the newer electron optical devices. 
There are eight appendices which contain basic crystallographic ideas, relationships, and 
methods of solution of single crystal, polycrystal, and kikuchi patterns. 

The authors have condensed into a rather short book the information required to under- 
stand electron microscopes. They haven't included the long mathematical developments but 
give the basic equations needed at the proper time. The more advanced reader can go to the 
complete reference list to develop the topic while the novice gets the concept without being 
lost in extended mathematical presentations. This book is highly recommended, especially 
for those whose interest in electron microscopy is just developing. 

ROBERT J. DEANGELIS, 
Institue for Mining & Minerals Research, 

University of  Kentucky, 
Lexington, Kentucky 40506 

Analytical and Quantitative Methods in  Microscopy. Edited by G. A. MEEK AND 

H. Y. ELDER. Cambridge University Press, New York, 1977. vii + 276 pp. $24.95 
(Paperback: $8.50). 

This volume, Seminar Series 3, containing the proceedings of a symposium held by the 
Society for Experimental Biology in England, describes some of the latest numerical and 
quantitative methods on biological problems employing microscopical techniques. It is de- 
signed purposely to provide the biologists with the mathematical background and numerical 
techniques for microscopy so that they can effectively utilize analytical methods to obtain 
accurate quantitative information from their biological specimens and to interpret certain 
features of the experimental results with greater certainty and precision. 

The book consists of twelve papers. All papers were contributed by active scientists and 
leading authorities in their specific fields. The analytical techniques presented range from 
the simple methodology of manual stereology to the very complex and sophisticated com- 
puterized electronic equipment used in automatic image analysis. Some 109 technical figures 
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and electron micrographs, 15 informative tables, a total of 335 up-to-date references, and a 
complete index are provided. The materials thus presented involve principles and tech- 
niques applicable to  both light and electron microscopy. 

In the Introduction, Professor Meek briefly reviews the idea and content of each paper 
and introduces and comments on the organization of the symposium, the basic aim of all 
forms of microscopy, the current status of experimental biology, and the future approach 
and advancement in analytical and quantitative methods in microscopy. This section pro- 
vides the readers with a very useful guide for reading and understanding the basic idea and 
principles of each article presented. 

Stereology, which is defined as  the science whereby three-dimensional information on 
structures can be derived from only two-dimensional sections of those structures, is dis- 
cussed comprehensively by Dr. James in the first paper of the book. It can be used in the 
study of structures independently of their size o r  their composition. It is a very simple, 
accurate, and powerful technique for analyzing the biological micrographs. Its principles and 
applications are described in detail in this paper and are worth careful study. 

The second paper by Professor Home illustrates an optical diffraction analysis of peri- 
odically repeating biological structures. Optical diffractometry is also a simple and powerful 
method for the analysis of conventional images. The method is capable of resolving the 
structure of macromolecules down to the molecular level. 

The techniques of quantitative fluorescence microscopy and its applications are reviewed 
by Dr. Ploem in the third paper. Microfluorometry is especially sensitive for low concentra- 
tions of reaction products which are present in a microscopical specimen. In this method, 
the direct image can be analyzed before recording. In the following paper, Dr. Bradbury of 
Oxford explains the principles and apparatus (The Quantimet 720 System) in automated 
direct quantitative image analysis. It is an excellent demonstration of typical and practical 
optical image analyzers. All the basic methods of stereology can be applied to automatic 
image analysis, producing stereological data far more radpily and accurately than can point- 
counting methods. 

The next two papers, "Integrating Microdensitometry" and "Scanning Microinter- 
ferometry," are contributed by Dr. Goldstein. In the former, the techniques for the use of 
the flying-spot light microscope, which measures the optical density, integrates the total 
absorbance with a simple computer, and shows it as  a direct readout, are discussed; while in 
the latter, the principles and applications of scanning microinterferometry, which measures 
the refractive index of the dry mass of an unstained cell component with a flying-spot 
microscope, calculated and displayed as  an integrated digital readout, are illustrated in 
detail. 

In article seven, Dr. Elder comments on the recent development of the scanning transmis- 
sion electron microscope (STEM) and emphasizes its great potential use in the biological 
sciences at the molecular level. The eighth paper, by Professor Burge of London, also 
concentrates on the demonstration of high-resolution imaging of the STEM. The theory, 
instrumentation, and operation of the STEM and its competitive applications with other 
microscopical systems are critically described here. 

Electron energy loss spectrometry, a very new and promising technique for elemental and 
chemical microanalysis of the biological specimen, is mentioned by Professor Fenier  of 
Glasgow in the ninth paper. Theoretically, energy loss spectrometry can be made several 
orders of magnitude more sensitive than X-ray microanalysis, particularly for the elements 
of low to medium atomic number. It is recommended that the techniques be further de- 
veloped to become a powerful microanalytical tool for the study of biological and biochemi- 
cal systems. 

The last three chapters of this volume are devoted to X-ray microanalysis. Two main 
types of X-ray detector are currently in use; the energy-dispersive (ED) and the wavelength 
dispersive (WD) systems. Each has its own advantages and disadvantages. The paper by 
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Professor Hutchinson of Minnesota discusses the application of the ED system to the ele- 
mental microanalysis of frozen hydrated biological tissues. While the article by Dr. Chandler 
of Cardiff is concerned chiefly with the chemical microanalysis of biological material with 
the WD techniques. The techniques for preparing ultrathin sections of frozen material- 
"cyro-ultramicrotomy" for X-ray microanalysis of diffusible elements in biological systems 
are described by Dr. Appleton of Cambridge in the concluding chapter. This technique 
enables biologists to study the chemical nature of cells and their constituents under varying 
experimental conditions and at the ultrastructural level. 

In summary, all materials and information, principles, techniques, and analytical methods 
presented and described in this volume are very useful, practical, and up-to-date. It is not 
only a valuable reference book for microscopists and biologists but also an excellent 
guidebook of microtechniques for biochemists, chemists, and other research scientists con- 
cerning their research or analytical work at the microquantitative or molecular level. 

GEORGE W. C. HUNG, 
Woodson -Tenent Laboratories, American Biomedical 

Corporation, Memphis, Tennessee 38101 

Protein Crosslinking, Nutritional and Medical Consequences, Edited by MENDEL 
FRIEDMAN. Advances in Experimental Medicine and Biology, Volume 86B. Plenum 
Press, New York, 1977. xx + 740 pp. $59.50. 

This is the second volume of the proceedings of the Symposium on Protein Crosslinking 
held at the A.C.S. meeting in San Francisco, California in September 1976. This second 
volume consists of thirty-nine contributions. While the first volume is concerned with the 
chemistry and biochemistry of protein polyfunctional affinity agents and crosslinking agents, 
this second volume is more heavily oriented toward medical and nutritional consequences of 
crosslinking. 

Those nutritional aspects of crosslinking discussed include: lysinoalanine formation in 
protein food ingredients and in wool as well as the chemistry of lysinoalanine formation and 
cleavage under alkaline conditions; reactions of proteins with dehydroalanines; heat- 
induced crosslinks in milk proteins; effects of Maillard browning reaction on nutritional 
quality of protein; the biological significance of carbohydrate-lysine crosslinking during 
heat treatment of food proteins; formation of a Schiff s base between lysine and lactose in 
milk; and protected proteins in ruminant nutrition. 

The biomedical aspects of crosslinking that are discussed include: metabolic transit of 
lysinoalanine; therapeutic implications of the crosslinkage theory of aging (by J. Bjorksten); 
relationship of collagen crosslinking to aging and nutrition; pharmacological and therapeutic 
actions of penicillarnine; and effects of bone collagen and arterial elastin crosslinking on 
nutritional copper deficiency and penicillamine administration. 

Some additional topics include: the stereochemistry and nomenclature of crosslinked 
amino acids; enzyme hydrolysis of crosslinked proteins; new amino acid derivatives formed 
by alkaline treatment of proteins; a very useful mathematical analysis of the kinetics of 
consecutive, competitive reactions of protein amino groups; and details of the crosslinking 
of collagen and of elastin. 

The editor himself contributed a significant fraction of the manuscript. He deserves credit 
for selecting an exciting array of contributions ranging from fundamental chemical to 
biomedical research. The articles are well presented, the volumes are direct offprints from 
the typed manuscripts. The contributions are up-to-date; referencing into 1977 is in evidence 
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throughout. As perhaps expected for edited volumes of this type, there is no author index 
and only a rather cursory subject index. It is unfortunate that these very valuable collections 
can only be recommended for library acquisition on account of the rather prohibitive prices. 

FRANK JORDAN, Department of Chemistry, 
Newark College of Arts and Sciences, 

Rutgers University, 
Newark, New Jersey 07102 

Homoatomic Rings, Chains and Macromolecules of Main-Group Elements. 
Edited by ARNOLD L. RHEINCOLD. Elsevier, New YorWAmsterdam, 1977. xv + 615 pp. 
$79.95. 

In April, 1976 the IXth Hudson Symposium was held to discuss the subject of this volume. 
One of the principle aims of the Symposium and of this book is to provide a broad appraisal 
of the chemistry of the main-group homoatomic structures. For obvious reasons discussions 
of carbon have been omitted as have several topics which have been the subject of extensive 
reviews since 1973. For the rest, the literature up to December 1976 has been covered. 

The first four chapters deal with thermodynamic data, spectroscopic and molecular orbital 
investigations, and a discussion of the electrostatic forces operating within the molecules; 
information which applies, in general, to all of the subject structures. The remaining twenty 
chapters deal with specific elements. As might be expected, phosphorus and silicon receive 
major attention. 

The availability of a wide assortment of carbon compounds in nature is a luxury that is not 
afforded the chemists who work in this area. Accordingly, much of the work reported here is 
of physical measurements and theoretical discussions. This is a guide book to future work 
potential and not a lab manual of the past. 

There is an ample bibliography following each chapter and a computer-compiled subject 
index at the end of the volume. The book is well done as a book but the price is rather steep 
for a volume of this nature. 

BILL ELPERN, 9 Surrey Way,  White Plains, New York 10607 
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1979 Eastern Analytical Symposium 

The 1979 Eastern Analytical Symposium will be held at the Hotel 
Americana, New York City, on October 31 and November 1 and 2, 1979. 
For further information contact: 

Ivor Simmons 
EAS Publicity 
M&T Chemicals, Inc. 
P.O. Box 1104 
Rahway, New Jersey 07065 

The American Microchemical Society is soliciting nominations for its 
15th annual Benedetti-Pichler Award. This award is given in recognition 
of service to microchemistry in its broadest sense, including research, 
application, administration, teaching, or other means of promoting the 
advancement of microchemistry. The nominee need not be a member of the 
society. Nominations should be made in writing, stating the reason for 
nomination and citing the work of the nominee. All nominations must be 
received by June 1,1979. Nominations and requests for further information 
should be addressed to: 

Lisa Hallquist 
J. T. Baker Chemical Company 
222 Red School Lane 
Phillipsburg , NJ 08865 

Copyright @ 1979 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 
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Edited by D. D. ELEY, HERMAN PINES, and PAUL 8. WElSZ 
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". . . adds considerably to the literature in series." -NATURE 

ADVANCES IN HETEROCYCLIC CHEMISTRY 
Edited by ALAN R. KATRITZKY and A. J. BOULTON 

This series provides a thorough analysis and review of the extensive work 

underway in heterocyclic chemistry. Researchers' in the fields of organic 

chemistry, chemical and industrial engineering, and students in chemistry 

and engineering, will find that the articles in this authoritative series treat, 

extensively, progress in the field of heterocyclic chemistry. The bibliograhic 
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active in heterocyclic chemistry this series must be an  important par t  of his 

library." -NATURE 

Complete information on each volume in the series is available on request. 

Take advantage of the convenience of our Continuation Order Plan: 
Your CONTINUATION ORDER authorizes us to ship a n d  bill each volume 

automatically, immediately upon publication. This order will remain in effect 

until cancelled. Please specify volume number with which your order i s  to 
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