
IS-T- 855 

Chromatography of metal ions 

with a triazine chelating resin 

Wang-Nang Wang 

M.S. Thesis submitted to Iowa State University 

Ames Laboratory, DOE 

Iowa State University 

Ame s, Iowa 5 0 0 ll 

Date Transmitted: May 1979 

PREPARED FOR THE U.S. DEPARTMENT OF ENERGY 

UNDER CONTRACT NO. W-7405-eng-82 

r------NOTICE--- -----, 

This report was prepared u an account of work 
sponsored by the UniUd States Government. Neither the 
Uuj tctl States nor the Uruted States Uepartment of 
Energy, nor any of their employees, nor any of their 
contuctors, subcontractors, or their employees, tn1kes 
~"Y. ;varranty, express or impUed, or assumes any legal 
habahty or responsibility for the ICCUJ'Icy, completeness 
Of useful~es~ of any information, apparatus, product or 
proceu dliCiosed , or represents that iU ux would not 
infringe p[iy. tely owned rilhtl. 

- - -------J 

:IU.Bl1TIO~ 0 TB DOCU t 
T r UNLf 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



..',J 

IS-T-855 

Chromatography of metal ions 

w~Hh a triazine chelating resin 

by 

Wang-Nang Wang 

A Thesis Submitted to the 

Graduate Faculty in Partial Fulfillment of 

The Requirements for the Degree of 

MASTER OF SCIENCE 

Department: Chemistry 
Major: Analytical Chemistry 

Approved: 

ln 

~p(~,~--
For the Gra a:; College . -

Iowa State University 
Ames, Iowa 



ll 

TABLE OF CONTENTS 

ABSTRACT 

INTRODUCTION 

EXPERIMENTAL 

Apparatus 

Synthesis 

Color-forming Reagent 

Characterization 

Separation Procedures 

Analysis of NBS Standards 

RESULTS AND DISCUSSION 

Res in Synthesis and Characterization 

Chromatographic Separations 

Calcium(II) and Magnesium(II) Sorption 

Group· Separation 

Copper (II) Sorpliuu 

Molybdenum(VI) Sorption 

Analysis of NBS Standards 

CONCLUSIONS 

LITERATURE CITED 

ACKNOWLEDGMENTS 

Page 

1 

2 

8 

8 

12 

17 

18 

19 

21 

22 

22 

3S 

37 

37 

47 

48 

51 

59 

60 

62 



.iii 

This report was prepared as an account of work spon
sored. by the United States Government. Neither the 

· United States nor the United States Department of Ener
gy, nor any of their employees, nor any of their contrac
tor.s, subcontractors, or their employees, makes any 
warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, complete
ness, or usefulness of any information, apparatus, 
product or process disclosed, or represents that its 
use would not infringe privately owned rights; 

Available from: National Technical Information Service 
U. S. Department of Commerce 
P. 0. Box 1553 
Springfield, VA 22161 

Price: Microfiche $3.00 



1 

,ABSTRACT 

The synthesis, characterization a.nd some analytical applications 

of a new triazine resin are described. Separation of group I B, IIB, 

VIB and VIIB metal ions from group VIII-metal ions is achieved by 

this PDT -4 resin. Calc ium(II) and Mag.ne sium(II) are taken up at 

pH= 6, 0. 1 ¥ acetate and are eluted at pH= 6, 0. 1 M sodium 

nitrate. Copper(II) is retained at pH = 6, 0. 1 ¥ acetate and pH = 1 

hydrochloric acid and is eluted subsequently by 5 M percbloric acid. 

Molybde.num(VI) is sorbed selectively from 0. 1 ~ sulfuric acid or 
. ' 

hydrochloric acid and is eluted in a tight band by 0. 1 N sodium 

hydroxide. Numerous rapid column chromatographic separations are 

reported using this .new resin, including analysis of NBS standard 

samples. 
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INTRODUCTION 

It is often necessary to separate the chemical components in a 

system before a quantitative analysis can be carried out. The purpose 

of the separation is to isolate the desired component from any inter

ference of the matrix and/or to concentrate a component by removing 

it from the bulk of the sample. The techniques of extraction and 

chromatography are two important methods of separation used in 

analytical chemistry. The mechanisms of these methods differ but 

both are based on a partitioning of the chemical component between 

two media. In the extraction method, these media· are usually two 

. immiscible liquids. In chromatography, the media may be com

binations of solids, liquids, or gases. Over the past decade the 

progress of the basic theory and techniques on liquid chromatography 

has made possible the analysis of very complex mixtures. Commer

cial instrumentation using high-pres sure pulseless pumps, solvent 

programming, macroporous beads and highly sensitive universal 

detectors has made high performance liquid chromatography the 

technique of choice for many analyses. 

·Much of the work accomplished in this area has been in the 

separation and determination of organic compounds. The use of 

high-performance liquid chromatographic techniques employing 

automatic detection for the analysis of inorganic ions has only recently 

come into common practice. ln recent years much of the interest i.n 
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inorganic chromatographic analysis has been with chelating resins 

chemically bonded to a polymer matrix. Resins of this type exhibit 

greater selectivity and faster kinetics than simple ion exchangers. 

Since the functional group is chemically bonded to the polymer matrix, 

the problems associated with phase bleeding are also eliminated. 

The chelating functional group that was attached to the polymer 

matrix is 3-(2-pyridyl)-5, 6-diphenyl-1, 2,4-triazine (PDT). It is a 

compound related to 1, 10-phenanthroli.ne and 2,2 

has a ferroin group (a, a '-di.irnine group. ) 

\ I 
C-C 
II \\ 

-N N-

ferroin group 

, 
-bipyridine which 

Interest in organic compounds containing the ferroin group dates 

back to the late nineteenth c.enhuy. The first representative, 

2, 2 '-bipyridine was described by Fritz Blau (1 ). An exhaustive 

study of this first outstanding example of ferroin-reacting compound 

was published by him (2) as well as the synthesis of the second 

example, 1, 1 0-pb.enanthroli.nc (3 ). 

~-<o\ ~I N-J 

2, 2 '- bipyridine 1, 10 -phenanthroline 
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In a. remarkably thorough study of these compounds Blau prepared 

the intensely colored iro.n(II) complexes of both 2, 2 '-bipyridine and 

1, 1 0-phenanthroli.ne, the iro.n(III) complexes of both compounds were 

also prepared. Through a series of potentiometric studies he demon

strated the reversible .nature of the oxidation of the iro.n(II) complexes 

of the two compounds, and the reactivity of the compounds towards a 

number of other metals. All the complexes formed were correctly 

recognized as coordination compounds. He also discovered that only 

the 2, 2 '-isomer of bipyridine would form colored iron(II) complexes. 

Blau monitored the progress of the synthesis of 2, 2 '-bibyridine by 

forming its colored iron(II) complex, and in doing 'so demop.strated 

the first analytical use of the complex ( 2). 

Although Blau' s work clearly indicated that these compounds had 

potential as analytical reagents, only limited use was made of them 

until 1931. Hammett, Walden and Chapman renewed interest in 

them by describing the use of the iron( II) complexes. of 1, 10 -phenan-· 

throline and 2, 2 '-bi.pyridine as high potential, reversible oxidation

reduction indicators (4). 

To a large extent credit for the development of the analytical 

potential of compounds related to 1, 10 -phenanthroline belongs to 

Professors Francis H. Case of Temple University, G. Frederick 

Smith of the University of Illinois, and their co:..workers. Beginning 

in the 1940'·s Professor Case began systematically synthesizing 
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compounds related to 1, 10 -phenanthroline and, until his retirement, 

·Professor ·Smith and his co-workers studied the chelation properties 

and analytical utilities of the compounds. In recent years the charac

terization of the compounds synthesized by Professor Case has been 

performed by Professor Alfred A .. Schilt and his co-workers at 

Northern illinois University. 

Although these joint ventures have produced an array of out-

standing analytical reagents with numerous and diverse applications, 

perhaps the most prominent result has been the elucidation of 

correlations between structural features of the organic compounds 

and physical and analytical useful properties of their metal complexes. 

Knowledge of these correlations ha~ made it possible to . synthesize 

analytical reagents with predictable analytical properties rather· 

than relying on the serendipito1..1s r:H Rc-.nvP.ry of compounds with 

desired analytical properties. 

The structural feature of compounds related to 1, 10-phenanthro-

line that is responsible for their ability to form metal complexes is 
, 

the a, a -dHmine group. This grouping is often referred to by its 

trivial name, the ferroin group. In 1953, as the result of the study 

of a large number of aromatic and aliphatic compounds contai~ing 

·the ferroin group; Krumhotz concluded that aliphatic compounds 

were also capable of forming metal complexes, although generally 

less stable than those formed by aromatic compounds (5 ). 
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Even though a great number of compounds containing the ferroin 

group have been synthesized and characterized as analytical reagents, 

many other organic compounds containing the ferroin group have yet 

to be prepared and characterized to the extent that one can predict 

the analytical properties of their derivatives. 

The analytical applications of ferroin type compounds are many 

and diverse, including such uses as oxidation-reduction indicators, 

precipitants, separation reagents, and masking and scavenging 

reagents. Perhaps the most widespread use of ferroin type corn

pounds is as colorimetric reagents for metals. Their versatility as 

iron reagents is especially significant. Specific reagents and 

analytical procedures have been developed affording sensitive and 

selective iron analyses under a wide variety of experimental con

ditions. Procedures or reagents for determining iron directly in 

strongly acidic media however have been lacking.. In acidic media the 

competition between protons and metal ions for the basic sights on 

the cornplexing agent usually greatly favors the protons and thus 

prevents 'i1·on cornplexation. 

Recent work done by Chriswell (6)~ Stookey (7), and Gibbs (8) has 

shown that among all the newly synthesized ferroin compounds 

3-(2-pyridyl)-5,6-diphenyl-1, 2,4-triazine (PDT) is, one ofthe most 

stable and sensitive ferroin compounds for iron(II), copper(II), 

and cobaltfii). PDT coated· on Arnberli.te XAD- 2 by Schilt ('9) 

has been shown to be specific for concentration and group separation 
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of metai ions such as iron(II), cobalt (II), nickel(II), and copper(!), 

zinc(!!), lead([!), chromium(III), cadmium(II) and manganese(!!). 

The purpose of this research, therefore, is to synthesize and 

investigate a chelating resin containing the chemically bonded PDT 

functional group. To check the applicability of. the method to real 

samples several NBS standards are analyzed. 



8 

EXPERIMENTAL 

Apparatus 

Liquid chromatograph 

The system for liquid chromatography with automatic detection 

has been described previously (10). A small modification has been 

made for the separate pres sure control of eluent and color-forming 

reagent. Sample loop of 214 f-Ll and a 7 5 mm by 2 mm i. d~ column 

are used for the separations. A schematic diagram of the unit is shown 

in Figure 1. The resin used in the column was taken from 250 - 235 

mesh fraction from grinding and sieving. It was slurried with methanol, 

allowed to settle, and the suspended fines were decanted. This frac

tionation process was repeated several times after the synthetic step. 

Detector 

A Tracor 970 Variable Wavelength Detector was used for the 

co.ntinuous spectrophotometric monitoring of the column effluent. 

All chromatograms were recorded on a Houston Instrument Omni

scribe Recorder. 

Column 

The analytical column was constructed of two Altex 200 - 28 

glass connectors fused together. The column had an i.. d. of 2 mm 

and an overall length of 7 5 mm. A helium pres sure of 26 p. s. i. 

was required to attain a flow of 2 ml/min. 



Figure l. Schematic diagram of the liquid chromatogral)h 
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Miscellaneous equipment 

All pH measurements were made with an Orion Model 701 Digital 

pH Meter. 

The resin was ground with a Model 4 -E Quaker City Mill and 

sieved with a Tyler Portable Sieve. 

All atomic absorption analyses were performed using a Perkin

Elmer 303 Atomic Absorption Spectrophotometer. 

The CHN content of the resin was obtained using a Perkin

Elmer· 240 Elemental Analyzer. All infrared spectra were taken 

using a Beckmann Infrared Spectrophotometer Model -425D. 

Reagents 

Copper standard solution ~as prepared by dissolving 6. 354 g 

of copper metal in a minimum amount of .nitric acid and diluting to 

1. 000 1 with distilled, deionized water. Molybdenum standard solu

tion was prepared by dissolving 14. 394 g of molybdenum trioxide in 

a minimum amount of ammonium hydroxide and diluting to 1. 000 1 

with distilled, deionized water. 

Stock solutions of 0. 001 M metal ion were prepared from 

reagent grade chloride or nitrate salts. All stock metal solutions, 

with the exception of lead and mercury, were in a 0. l M tartaric 

acid - sodium tartrate buffer with pH 5. 0. Lead was prepared in a 

0. 1 M acetic acid-sodium acetate buffer with pH 5. 0. The lead 

solution was prepared in acetate buffer because insoluble salt was 
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formed when it was prepared in the tartrate buffer. 

The preparations of the various color-forming reagents are 

described in detail further in this work. All of the dyes were used as 
'. 

received,with .no further purifications. Acids, bases, and all other 

chemicals used to prepare various solutions were reagent grade or 

better and were used as received. 

Sy.nthes is 

There are mainly two synthetic schemes which were tried to 

attach the PDT functional group to the XAD-4 polymer matrix. 

::r.. 

XAD-4 

0 
II 

+ l. CH3 C ~ Cl 

2. (CH3 C0)2 0 

l. cs2 
2. ethylene dichloride 0 

3. nitrobenzene I 1;:::\0 ~-cH 
A1Cl 3 . 6ooc t-~/ 3 
3. 5 hrs 

l .. 0. l ¥ KMnO:\ in 
. ?!'/o NaOH 7 0 C 

4 hrs 
0 

~II_ t 
~_/C-QNa 

HCl. ~~-
·~C-<JH 

2. Nr~.OCl. 70°C 
18 hrs 

SOCI 2 
6ooc 

0. 5 hr 

0 

(;:;\_II 
1-~~C-cl 

Direct Acylation 
PDT-4 
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Acetylati.on 

XAD-4, a macroporous styrene-divinylbenzene copolymer, was 

obtained from the Rohm and Haas Co. The beads were Sohxlet 

extracted overnight with methanol, dried, ground, and sieved. The 

250 - 325 mesh fraction was collected and further washed with con

centrated hydrochloric acid, wate:r, methanol, and acetone. Then the 

beads were dried in an oven at 110 oc to ensure complete remova~ of 

water and methanol. The reaction vessel consisted of 250-ml three

neck flask equipped with an overhead stirrer, reflux condenser, 

addition funnel, and nitrogen inlet. Acetyl chloride 3. 0 g (or acetic 

anhydride) was.added to 6. 7 g of anhydrous aluminum chloride sus

pended in 25 ml of. carbon disulfide. To this mixture XAD-4 

2. 6 g suspended in 20 ml carbon disulfide was added with stirring. 

After complete addition the mixture was refluxed for 1. 5 hours with 

stirring. The reaction mixture was hydrolyzed by pouring it with 

stirring into a methanol-ice-hydrochloric acid mixture (2·:1: 1). The 

resin was washed with water, 1 ¥ hydrochloric acid, water, methanol, 

acetone, and dried. When the ethylenedichloride or nitro-benzene were 

used as the solvent, the clear solution of acetyl chloride-aluminum 

chloride complex had to be cooled 'in ice water to prevent the vigorous 

reaction between XAD-4 and the complex. 

Oxidation of acetylated resin 

The acetylation product was oxidized with 0. 1 M potassium 
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permanganate in 2o/o sodium hydroxide at 70°C for a few hours to form 

the sodium salt of carboxylic acid. This was washed with. conceptrated 

ammonium hydroxide, 4 N hydrochloric acid, water, methanol, acetone 

and dried. Another reagent used for the oxidation of acetylation resin 

is· 5. 25% sodium hypochlorite aqueous solution. The methanol was 

used to moisten the XAD-4 resin.. The mixture of resin·and hypo

chlorite was refluxed for 18 hours, After the first 12 hours the old 

hypochlorite solution was decanted, a fresh sodium hypochlorite was 

added. After sixteen hours. -fresh sodium hypochlorite was added again. 

The sodium salt of carboxylic resin was washed with 4 N hydrochloric 

acid, water, methanol, acetone and dried. 

Friedel - Crafts acylation 

The carboxylic resin was refluxed with thionyl chloride at 60 o C 

for 1 /2 hour to form the benzoyl chloride XAD-4 'intermediate. The 

excess thionyl chloride was removed by vacuum distillation. 8 g of 

PDT was dissolved in 25 ml of ethylene dichloride. This solution was 

added dropwise into the mixture of aluminum chloride (3 g) and benzoy'l 

chloride XAD-4 (2 g) suspended in 20 ml of ethylene dichloride~ After 

complete addition the mixture was refluxed for 1 hour with stirring. 

The reaction mixture was hydrolyzed by pouring it into a methanol

ice-hydrochloric acid (2: 1:1) mixture. The resin was then washed with 

water, methanol, acetone and dried. 



\ 

II. 

r-@ + -~-!-H @
00 

XAD-4 

15 

C1CH
2

CH
2
Cl) 

or 
cs2 

Benzoin-4 
intermediate 

0 0 @. -'lNH 

cone HN03 ·~ U g @ N "'-C'NHNH 
80°C. 1. 5 ~rs H (J ;-C- - Q ---4 2 

. ~ EtOH 
Benzil-4 45°C. 10 min 
intermediate R T ve · ht . . o rntg 
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Anhydrous phenyl gloxal was prepared by the method of Riley and 

Gray (11) with an added modification by Arnold and Fuson (12). A 

200 m1 of dioxane, 37 g (1/3 mole) of selenium oxide, and 20 ml of 

water were placed in a 250 ml three necked round-bottomed flask 

fitted with a liquid sealed stirrer and a reflux condenser. ~he mixture 

was heated to 50-55 oc and stirred Ulltil the solid went into solution. 

40 g (1 /3 mole) of acetophenone was added in one lot, and the resulting 

mixture was refluxed with continued stirring for four hours. The hot 

solution was decanted from the precipitated selenium and distilled 

under atmospheric pressure until neariy all the dioxane passed over. 

At this point 30 ml of xylene was added, and the solution was distilled 

at atmospheric pressure until the distillate was no longer turbid. The 

solution was transferred to a Claisen flask, and the distillation com

pleted under diminished pressure. The anhydrous phenyl gloxal (30 g) 

was collected at 95-97°C/25 mm. The yield was 69-72o/o. Hydrazidine 

was prepared by the method of Case (13) with an added modification in 

the extraction solvent. A mixture of 0. 05 mole of 2-cyanopyridine, 

C) ml of ethanol; and 1 5 ml of 9 5 o/o hydrnzine was stirred at room. 

temperature for 2 hours. It was then diluted with an equal volume of 

water, extracted with methylene chloride, and dried over anhydrous 

sodium sulfate. After removal of methylene chloride, the residue was 

crystallized from benzene 7. 8 g of hydrazidine was collected which 

indicated the yield was about 66%. 
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The reaction ves se1 cons is ted of 250 m1 three -neck flask equipped 

with an overhead stirrer, reflux condenser, additional funnel, and 

nitrogen inlet. Clean XAD-4 (3. 3 g) was slowly added to 13. 3 g of 

anhydrous aluminum chloride suspended in 50 ml of ethylene dichlor

ide. To this mixture, i 0. 8 g of anhydrous phenylgloxal in 20 ml of 

ethylene dichloride was added dropwise with stirring. After complete 

addition (0. 5 hour) the mixture was refluxed for 4 hours. The tem

perature was decreased to 60 o C and the mixture reacted over night 

with stirring. The reaction mixture was hydrolyzed by pouring it with 

stirring over an ice -hydrochloric acid, water, methanol, acetone, 

and dried (Benzoin-4 ). The Benzoin-4 was oxidized to Benzi.l-4 by 

15 ml of concentrated nitric acid in 80 ° c for 1. 5 hours with occa

sional shaking. The product was then washed with water and dried. 

2 g of Benzil-4 was reacted with 2. 7 g of hydrazidine in 25 ml 

ethanol at 45°C for 10 minutes to form the PDT-4 resin. The reaction 

mixture was cooled to room temperature and allowed to stand over

night. Upon completion of the reaction, the solvent was decanted, and 

the resin was washed several times with ethanol, then 1 M hydro

chloric acid, then methanol, then acetone, and dried. 

Color-forming Reagent 

PAR (4-(2-pyridylazo)-resorcinol) was used for the detection of 

manganese(II), iron(II), iron(III), cadmium(II), cobalt(II), copper(!), 

copper(II), nickel(II), zi.rtc(II), and uranium(VI). These ions were all 

monitored at 495 nm. 
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The PAR solution was prepared by dissolving 121. 1 g of THAM 

(tris(hydroxylmethyl)amine methane in approximately 750 ml of 

distilled water. PAR (0. 125 ·g) was then added and the pH was 

adjusted to 9. 0 with concentrated hydrochloric acid. The final 

solution was di.luted to 1. 0 1 with distilled water. 

Arsenazo I was used for the detection of calci.um(II), magnes i.., 

um(II), thorium(IV ), uranium(VI), manganese (II), and zinc(II). . These 

were all monitored at 590 nm. The Arsenazo I solution was prepared 

by the same procedure as that already described earlier for PAR. 

Thiolactic acid was used for the detection of molybdenum(VI) 

and tungsten(VI). These two ions were monitored at 365 nm. The 

reagent was prepared by adding 57. 5 ml of glacial acetic to 900 ml 

water and adjusting the pH to 4. 0 with 20o/o sodium hydroxide. Then 

1. 90 g of thiolactic acid is added and the ·solution di.luted to 1. 01. 

4 ¥ hydrochloric acid was used for the detection of iron(III) and 

copper(II). These were monitored at 235 nm. 

Characterization 

A small sample of the PDT-4 resin was dried at 105°C for 2 hours 

and analyzed for nitrogen content. Column capacity was determined 

for copper(I), Copper(II), Iron(II), Iron(III), and molybdenum(VI). 

The gravity flow column was packed with 0. 3465 g PDT-4. The resin 

was conditioned by passing 25 ml of pH= 6, 0. 1 ¥ acetate through the 

column at 2 ml/min. After conditioning 0. 1 ¥ copper(I), copper(II), 

iron(II), and iron(III) in the acetate solution were passed through the 



resin until saturation was reached. The column was then washed with 

50 ml of pH = 6, 0. 1 M acetate solution. Copper(!) and copper(II) 

were eluted with 25 ml of 5 M perchloric acid. Iro.n(II) and iro.n(III) 

were eluted with 0. 1 ¥ hydrochloric acid. For molybdenum(VI) 

the column was conditioned with 0. 1 M hydrochloric aci.d, and 

molybdenum(VI) was eluted with 25 ml of 0. 1 N sodium hydroxide. 

Recovery of small amounts of metal ions at a different pHwas also 

tried on the gravity flow column. 

Separation Procedures 

Calcium(II) or mag.nesium(II) and zinc(II) 

1. Prior to introduction of the sample onto the column, allow 

pH = 6,. 0. 1 ¥ acetate to flow through the column at a flow rate of 

2 ml/min for five minutes. 

2. Inject the sample onto the column. 

3. Allow pH = 6, 0. 1 ~ sodium .nitrate buffer to flow through 

the column at a flow rate of 2 ml/mi.n for 5 min to elute calci.um(II) 

and magnesium(II) from the column. 

4. Ch~.nge the eluent to pii = 2 JJerchlor!.c acid at a flow rate of 

2 ml/min for five minutes to elute zi.nc(II) from the column. 

Group separations (cadmium(II), manga.nese(II), zinc(II), and 

throium(IV) from cobalt(II), iro.n(III), nickel(II) and uranium(VI)) 

1. Prior to introduction of the sample onto the column, allow 

pH ; 2. 5 hydrochloric acid or pH = 2 perchloric aci.d to flow through 

the column at a flow rate of 2 rill/min for s· min. 
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2. Inject the sample onto the column. 

3. Allow pH = 2. 5 hydrochloric acid or pH = 2 perchloric acid 

to flow through the column at a flow rate of 2 ml/min for 5 min to 

elute cadmiun(II), zinc(II), manganese (II) and thorium(IV). 

4. Change the eluent to 0. 1. ~ hydrochloric acid at a flow rate 

of 2 ml/min for 5 min to elute cobalt(II), iron(III), nickel(II) and 

uranium(VI). 

Cobalt(II), iron(III), nickel(II) from copper(II) 

I. Prior to introduction of the sample onto the column, allow 

0. 1 M hydrochloric acid to flow through the column at a flow rate 

of 2 ml/min for 5 min. 

2. Inject the sampie onto the column. 

3. Allow 0. 1 ~ hydrochloric acid to flow through the column at 

a rate u£ 2 ml/tnin for 5 min to elute cobalt(II), iron(III), nickel(II). 

4. Change the eluent to 5 ¥ perchloric acid at a flow rate of 

2 ml/min for I 0 min to elute copper(II). 

Molybdenum(VI) 

The following procedure was used to separate molybdenum 

from noninterfering metal ions. 

1. Prior to introduction of the sample onto the column, allow 

0. 1 ¥ hydrochloric acid to flow through the column at a flow rate of 

2 ml/min for 5 min. 
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-
2. Inject the sample onto the column. 

3. Allow 0. 1 M hydrochloric acid to flow through the column at 

a flow rate of 2 ml/min for 5 min to separate the non-interfering 

ions from molybdenum~ 

4. Change the eluent to 0. 1 ~ sodium hydroxide at a flow rate 

of 1. 6 ml/min for fi.ve min to elute molybdenum fi·om the column. 

Arialys is of NBS Standards 

Molybdenum 

0. 1337 g of NBS sample number 134 A, a molybdenum-chromium-

tungsten-vanadium steel, was dissolved by gently heating in 4 ml of 

concentrated hydrofluoric acid and 4 ml of concentrated nitric acid 

in a platinum dish. After cooling, the solution was transferred to 

a 250-ml volumetric flask that contained 50 ml of a ~aturated sodium 

borate solution and 50 ml of a 0. 5 M sodium tartrate solution. The 

resulting solution was diluted to the mark with distilled water. The 

final pH of the solution. was between two and three. 

0. 401 g of NBS sample number 160, a chromium-nickel-moly-

bdenum steel, was dissolved by gently heati..ng in 50 ml of 1:6 sulfuric 

acid and 2 ml of concentrated hydrochloric acid. The solution was 

cooled, transfe'i-red to a 250-ml volumetric flask, and diluted to the 

mark with distilled waler. 

These two flolutioi"lS were then analyzed for molybdenum content 

by the procedure described in the previous section. 
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RESULTS AND DISCUSSION 

Resin Synthesis and Characterization 

XAD-1, 2, and. 4 were compared to see which was the best sub

strate for the chelating resin. The information in Table 1 showed 

that XAD-4 has the largest porosity, largest surface area, smallest 

pore diameter and lowest percentage of degradation. Based on these 

results XAD-4 was chosen as the substrate for the synthesis of the 

chelating resin. Di.rectly attaching the functional group to the polymer 

matrix was considered to be the best way to achieve a highly pure 

chelating resin. But the direct acylation synthetic steps give a very 

low- yield; the nitrogen content of the final product is only 0. 4 7%. The 

low yield might result from the acetylation step, oxidation step, or 

the final acylation step. Different methods were tried to improve the. 

final yield (Tables 2, 3). However, even with a high yield intermediate, 

the last Friedel-Crafts acylatio.n step still gave a poor yield due to 

large steric hi.ndrance of 3-(2-pyridyl)-5, 6-diphenyl-1, 2, 4-triazine. 

Therefore, the resin used· for the analytical investigation was prepared 

by the second syn~hetic scheme. 

Several other synthetic routes on the second synthetic scheme were 

tried. In an attempt to introduce a triazine functional group into the 

resin in high yield, the Friedel-Crafts reaction was first tried using 

a-bromophe.nyl acetyl chloride. However, the reaction was extremely 

fast a.t1d caused the degradati.on of the polymer matrix. The procedure 
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Table 1. Comparison of general properties of three different XAD 
resi.ns 

XAD-1 XAD-2 XAD-4 

Helium 
porosity (Vol. o/o) 37 42 51 

Surface area: 
2 

(m /gram) 100 300 780 

Average pore 
diameter (A) 205 90 50 

Elemental c 90. 1 Cfl/o 91.05% 90.96% 
analysis 

7.93% H 7. 94% 8. 22% 

Total 98. 73% 99. 27% 98. 8Cfl/o 

After acetyla-
84.110/o tion with c 84. 75% 83. 94% 

Acetyl 
chloride 

H 7. 3 2o/o 7. 51% 7. 26o/o 

0 7. 93% 8.55% 8.63% 

After acetyla- high medium .low 
tion percentage 
of degradation 

TGS Scan 
weight loss larger than less than 
between 1 20 ° C- 2!'/o 1% 
200°C 

carboxylic func-
tional group 2. 355 1.502 1.896 
·after oxidation meq/g meq/g meq/g 
with NaOCl 

,. 
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. a 
Table 2. Comparison of different acylation methods 

c H 0 Yield o/o 

1. cs2+ AlC13 +Acetyl 

chloride 84. 90 7.36 7.74 55. 84 

2. EDC + AlC1
3

+ Acetyl 

chloride 84. 12 1. 26 8. 62 62. 29 

3. Nitrobenzene + AlC13 + 

Acetylchloride 83. 83 7.22 8. 95 64. 50 

a All studies were done on 250-325 mesh XAD-4 resin. 
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Table 3. Comparison of different oxidation methods 

Oxidation method pH value Type of Capacity of carboxylic 
resin functional group 

High temperature 100° C 
reflux 12 hrs. Aqueous 11 XAD-4 1. 89 m·eq/g 
solution of NaOCl 

KMn04 (0 .. 1 ¥) + NaOH(Z"/o) 12. 5 XAD-4 1. 95 ~q/g 

70°C 4 hrs - twi.ce 

Medium temp. 7 0 o C 
reflux 12 hrs. 11 XAD-4 1. 46 meq/g 
Aqueous soluti.o.n 
of NaOCl 

Med i.um temp. 7 0 o C 
KMn04 (0.1 ~+NaOH(27/o) . 12. 5 
Then 
Aa0C1 aqueous solution. 11 XAD-4 2. 94 meq/g 
1 2 hrs. 

Medi.um temp. 7ooc 
NaOCl 12 hrs. Then ll XAD-4 2. 2 6 m·eq/ g 
KMnD4 (0.1 M )+Na0H(27/o) 12. 5 

NaOCl, 70°C 
1 Z hrs., 4hrs., Zhrs. ll XAD-4 3.10 meq/g 
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described in the experimental section gives the maximum yield with 

least degradation of the polymer matrix. At the last step of this 

synthesis careful control of water and temperature levels is necessary 

to avoid self-coupling by the hydrazidine intermediate, which produces 

1, 4-dipyridyl-dihydrotetrazine. This impurity complexes ferrous 

i.ron, resulting i.n a blue color. 

@. ~NH · hydrazidine 

se!f-cou7 N C~:NHz @-~-~---@ 
···~ N)§) 

©-<N0-~.·1'\ rOJ tQI / ~ t:::\ W"'J{~ l..¥/\2~~-l 
1, 4 -di-pyridyl-dihydrotetrazine PDT-4 

The infrared spectra at each step in the synthesis are shown. 

in Figure 2a-d. Figure 2a is the spectrum of the starting material, 

XAD-4. Figure 2b and 2c are the spectra of the benzoin-4 and ben-

zil-4 interrnediate.s. Figure 2d is the spectrum of the final produce, 

3 -(2-pyridyl}-5, 6 -diphenyl-1-2, 4, -triazine XAD-4 (PDT-4 ). N=N and 

-1 
C=N stretch bands are evident at 1600 and 1505 ern . The success 

of the synthesis can also be easily detected by passing 1 ~10-4 M 



Figu:J;e 2a. Infrared sp,ectrum of XAD-4 res in 
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Figure 2b. Infrared spectrum of the Benzoin-4 res in 
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Figure 2c. Infrared spectrum of the Bezil-4 intermediate res i.n 
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ferrous iron through the column of PDT-4. The resin wi.ll immediately 

show a thin purple Fe(II)-(PDT-4) complex layer on the top of the 

column. 

Elemental analysis gave an average nitrogen content of 7. 48%. 

Assuming that all of the nitrogen is from the triazine, the resin should 

contain 1. 33 meq of the desired functional group per gram of resin. 

Column capacities of some metal ions are shown in Table 4. The 

lower metal ion capacities may result from the orientation of the b:ulky 

functional group which ordinarily restricts geometries of chelation, 

preventi.ng formation of fully coordinated species and discouraging 

strong retention of metal ions. 

Chromatographic Separations 

The retention behavior of the following metal ions was surveyed 

using a column of PDT-4 resin with simple gravity flow. The metal 

ions studied are Ca(II), Mg(II), Cd(II), Mn(II), Zn(II), Pb(II), Co(II), 

Fe(III), Ni(II~, Cu(II). Mo0 2(II), U0 2(II), VO(II), Th(IV). 

All ions studied were retained at pH = 6, 0. 1 ~ acetate buffer. 

Ca(II) and Mg(II) were .-eluted at pH = 6, 0. 1 ~ sodium l'litrate. Most 

other ions were eluted by pH = 2, perchloric acid, .but Co(II), Fe(III), 

Ni(II), Gu(II), UO(II), VO(II), Mo0 2(II) were still ret~ined. Hydrochloric. 

acid was used to elute Co(II), Fe(III), VO(II), uo 2(II) and NI(II). ·Sodium 

hydroxide 0. 1 ~ was used to elute Mo0
2
(!I}· ln 0. 1 ~ sodium hydroxide 

Cu(II) was still retai.ned by the column but can be eluted with 5 M 

perchloric acid. 
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Table 4. Capacity of the PDT-4 resin 
~::: 

ion column capacity * (meq/g) 

Fe (II) o. 146 

Fe (III) 0. 123 

Cu (II) 0. 188 

Cu(II) 0. 170 

Mo(VI) 0.090 

* . . 
The capacity of PDT-4 resin analyzed by nitrogen content is 

I. 33 meq/g. 
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Most of the above metal ions were retained by the be.nzoi.n-4 and 

be.nzi.l-4 intermediates at pH= 6, 0. 1 M acetate, but eluted complete

ly at higher pH (pH> 3 ). Even with very low capacity, the direct 

acylation triazine resin showed the similar properties with PDT-4. 

The recoveries of some metal ions are shown i.n Table 5. 

Calcium(II) and Magnesium'(!!) Sorption 

The uptake of alkaline earth ions in pH = 6, 0. 1 M acetate :was 

surprising. These ions were .not expected to complex with the triazine 

group, but would be taken up by carboxyl , benzoin and be.nzi.l functional 

groups whiCh were introduced by the phenyl gloxal acylation and the 

oxidation with concentrated .nitric aci.d. The separation of Mg(II) 

from Z.n(II) is shown i.n Figtire 3. The interference study shown o.n 

Table :6 showed that Mg(II) and Ca(II) can be dete.rmi.ned i.n the pre

se.nce of Cd(II), Mn(II), Z.n(II), Co(II), Fe(III), Ni(II), Cr(III), Th(IV), 

UOz(II), W(VI), VO(II), and Mo0
2

(II). 

Groul) Separation 

Based on the work by Lundgren and SchUt (9) o.n a PDT coated 

XAD-2, it was expected that the present resin PDT-4 ~ould strongly 

reta"i.n Cu(II),Fe(III), Ni(II)~ U0
2

(II), and Co(II) from pH 2. 0 perchloric 

acid or pH 2. 5 hydrochloric aci.d. Th(IV), Cd(II), Z.n(I,I), and Mn(II) 

would .not be retained. Figures 4 and .5 show the group separation of 

the~e ions. 
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Table 5. Recovery of metal ions in PDT-4 resin using gravity flow 

ion sorption elution/ recovery elution/recovery 

Ca+2 
pH=6, 0. 1M acetate pH=6, O.lN NaN0 3 /100.0J/o 

Mg +2 II II /100. o/o 

Cd+ 2 II pH=2, HCl04 /99.04% 0. l M HCl/100.% 

Zn+2 
II 

II /99.73% II /100.% 

Mn+2 
II 

II /100.3% II /100% 

Pb+Z II II /96. 7% II /100% 

Th+4 II ·II /98. 7% II /100% 

vo+ 2 II II /OJ!o II /100% 

uo +2 II II /3.6% II /100% 2 

co+ 2 II II /3. zr/o II /100% 

Fe+2 II II /64% II /97.4% 

Fe +3 II II /2.1% II /96. c:pfo 

Ni+ 2 II II /OJ/o II /99.1% 

Cu+Z 0. 1 M HC1 5 M HC104 /97. ?!'/o 

Mo+6 
0. 1 M HC1 0. 1 NNaOH I 1 oo. Oo/o 



Figure 3. Separation of Zinc(II) from Magnesium(II) 

Colum.n: 7 5 m:in x 2mm 
Detection. Ars.enazo-1 color forming reagent, 1. 2 ml/min; 

590 nm; 1. 28 absorbance unit full scale 
Sample: · .214 tJ.l 
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Table 6. Interference study of foreign ions on the determination of 
calcium(II), magnesium(!!) and molybdenum(VI). (each 
0. 0005 M). 

10n cone. (M) Ca, Mg det' n Mo det'n 

Acetate 0. 10 1 oo._o 

Cadmium(!!) o .. 001 101.9 97. 2 

Calcium(!!) o. 001 98.4 

Chloride 0. 01 100.0 100. 0 

Chromium(III) o. 001 100.0 97. 2 

Citrate 0.001 96.5 

Cobalt(!!) o. 001 100.0 96.5 

Copper(II) 0. 001 100. 0 97. 9 

Fluoride o. 01 100. 0 
a 

Iret'l(II) o. 001 1 00. 0 98.96. 
a 

Iron(III 0.001 100.0 100.0 

Magnesium(II) 0. 001. 102. 5 

Manganese (II) o. 001 102. 5 97.0 

Molybdenum(VI) o. 001 100. 0 

Nickel(II) 0.001 100.0 98. 22 

Nitrate o. 1 100.0 

Oxalate o. 1 97. 9 

·Perchlorate 0. l 100.0 100. 0 

Phosphate o. 1 101. 5 

Sulfate 0. 1 96.67 
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Table 6 (Cont 1d) 

ion cone. (M) ca, Mg det 1n Mo det1n 

Tartrate 0. I 98.22 

Thorium(IV) o. OOI IOO.O I02. 2 

Tungsten(VI) 0.0005 IOO.O I02. 09 

Uranium(VI) 0.0005 IOO.O 98. 95 

Vanadium(IV) 0.0005 IOO.O IOO. 0 

Zinc(II) 0. OOI I02. 4 IOO .. 0 

a. 
If iron(II) and iron(III) are in pH = 8. 5 basic standard solution of 

molybdenum, then the high results happen (II (Jlfo recovery). 



Figure 4. Separation of Co(II), Ni(II) and Fe(III) from Mn(II); Zn(II) 
and Cd(II) 

Column:: 75 mm x 2 mm 
Detection: PAR color.;.;forming reagent, 1. 2 ml/min; 

495 nm; 1. 28 absorba.nce units full scale 
Sample:: 214 fJ.l 
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Figure 5. Separation of Ura.nium(VI) from Thorium(IV) 

Column: 7 5 mm x 2 mm 
Detection: Arsenazo-I color-forming reagent, 1. 2 rnl/.m~.n 

590 nm; 1. 28 absorbance full scale 
Sample: 214 ~1 · 
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Copper(!!) Sorption 

It is surprising that copper(II) was sorbed onto a resin column 

from an aqueous solution of 0. 1 M hydrochloric acid. Based on the 

discussion by Schilt (14), it was expected that Cu(II) would form a 

complex with the triazine functional group of PDT-4 at pH 1-6. 

Interestingly, hydrogen·i.ons appear to behave much like metal ions 

by forming complex species with the ferroin group of 2, 2 '-bipyridine 

and 1, 1 0 -phenanthroline at a lower pH. The pKa value reported. for · 

H(bipy)+ is 4. 35 (potentiometric, p. = 0. 025, 25°C)(15), pKareported for 

H
2

(bfpy) ++ and H (phen)++ are -0.· 2 and -1. 6, respectively (16, 17 ) . 
. 2 . 

The unpublished work done by K. Schuett and A. A. Schilt showed 

that 3 -(2-pyridyl)-5, 6 -diphenyl-1, 2, 4 -triazine .(PDT monomer) 

exists predominantly in its protonated form in 1 to 4 ¥ strong acid •. 

The formation constant of monoprotonated PDT monomer is equal 
-2 

to 9. 0 x 10 at 25°C, 

The PDT-4 resin was therefore expected to be the forms of 

H(PDT-4)+ ·and H2(PDT~4)++ and to show both chelation and anion

ex('h::~.ngP. properties under low pH conditio.ns. 

In 4-5 ¥ hydrochloric acid, Cu(II) was expected to form an anion 

chloride complex a.nd hence be retained by the PDT-4. Using the anion-

exchange distribution coefficients of the elements as a function of HCl 

concentration (18), Pd(II), Au{III) and Pt(IV) were predicted to show 

similar properties to Cu(II). This was confirmed by the liquid chroma-

tography experiments. The Cu(Il) could be stripped with 5 ¥ perchloric 
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acid. The separation of Cu(II) from Co(II), Fe (III), and Ni(II) was shown 

in Figure 6. However, this separation does not lend itself well to 

quantitative automatic detection because of the large tailing peak. 

Molybdenum(VI) Sorption 

Previous studies by Mitchell (19), All~n (20) and Walton (21) have 

show.n that ferroin functional groups will form complexes with molyb-

denum(III), (IV) and (V). The predominant species of molybdenum ion 

in the solution of different pH values are Mo0
2 

+Z, Moo
4 

- 2.' 

+ = ++ 
4H + Mo04 ~ Mo0 2 + 2H 20 

Therefore the uptake of molybdenum(VI) by the PDT-4 resin can occur 

either by chelation or by anion exchange. Because of these character-

istics of PDT-4, the eluent used throughout this work to load the column 

with molybdenum was 0. 1 ¥ hydrochloric acid. The 0. 1 N sulfuric 

acid will give lower recovery of molybdenum. 

The molybdenum can be stripped off the column in a tight ba.nd by 

switching to 0. 1 ~ sodium hydroxide. An interference study showed 

that in slightly basic solutions iron will give a positive interference. 

This is because of some hydroxide anion comp,lex formation (Table 6 ). 

With 0. 1 ~ hydrochloric acid as eluent molybdenum(VI) was success

fully separated from 25 metal ions and anions (Table 6 ). No foreign 

ions investigated interfered between pH 1 and 3. Since copper(II) is 

not eluted with 0. 1 ~ sodium hydroxide, molybdenum can also be 

separated from copper. The calibration curve of peak height vs 



Figure 6. Separation of copper(!!) from Cobalt(!!), Nickel(!!) and 
Iron(IIl) 

Column: 7 5 mm x 2 mm 
Detection: 6 M HCl, 1. 4 ml/mi.n 235 .nm; 1. 28 units full scale 
Sample: 214 'ill · 
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amount of molybdenum is linear using thiolactic acid as a dye. 

(Figure 7, 8). Separation of molybdenum from non-interfering 

ions is ·show.n in Figure 9. All the molybdenum solutions used for the 

t--·--· 
calibration and interference studies had to be freshly prepared. 

Analysis of NBS Standards 

Results of three independent analyses for each of tWo NBS 

standard samples are given in Table 7. These results are in good 

agreement with the certified value. 



- ·.Figure 7. Calibration peak of Molybdenum(VI) using high speed 
. liquid chromatography. 

Column: 75 mm x 2 mm 
Detectio.n; Thiolactic acid color-forming reagent~ 

I. 5 ml/min: 365 rim: I. 28 units full scale 
Sample: 2I4 .,U 
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Figure 8. Calibration curve of Molybdenum(VI) 
from 2. 56 ~g to ZO jJ.g 
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Figure 9. Separation of Molybdenum(VI) from Cobalt(!!), 
. Chromium(III), Nttkel(Il), ~angi'rlese(II),. /:t' - -· -1 

· Tu.'ngste.n(VI), a.nd Vanadium(IV) 

Column: 7 5 rom x 2 rom 
Detection: Thiolactic acid color-forming reagent, 1. 5 ml/min; 

365 nm; 1. 28 units full scale 
Sample: 214 lJ.l 

,·, 
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Table 7. Analysis of NBS standards. 

sample .number elements o/o founcP/o standard 
present deviation 

134A Mo 8. 35 8.33 o. 195 

w 2. 00 

v 1. 25 

Cr 3. 67 

P, S, Ni o. 1 

Mn, Si, Cu, c 1 

160 Cr 19. 12 

Ni 8. 91 

Mo 2. 95 2. 93 o. 154 

Si 1. 13 

Mn 1 

c, P~ S, Cu 0. 1 

V,Co,N 0. 1 
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CONCLUSIONS 

A chelating ion-exchange res Ln incorporating a. 3 -(2-pyridyl), 

5, 6 -diphenyl-1, 2, 4, -triazine (PDT) functional group onto an XAD-4 

polymer matrix has .beep synthesized. This resin has been used 

for the group separations: Group I B from group VIII metal ions, and 

group VIII from group II B, VI B, VII B metal ions. Calcium(II), 

magnesium(II), and molybdenum(VI) were also determined quantita

tively by this resin using high speed liquid chromatography. 

Due to the bulky molecule of PDT this chemically bonded res in 

had shown a monolayer, Langmuir type of chromatogram in high 

speed liquid chromatography. The chelation and concomitant ad

sorption of metal ions in PDT -4 res in is sufficiently rapid to altow 

very rapid flow rates of 1-20 ml/min and column lengths of 20-lOOcrn. 

Applications of this PDT-4 res in will include the determination of 

hardness in tap ~ater, purification of reagents, concentration of 

trace metal ions from dilute solutions, and group separation of 

metal ions prior to analysis. 
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