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SUMMARY

Tlle asymmemc bisazo denvanves of Arsenazo and Phosphonazo
have been widely used as chromogenic reagents in spectrophotometric
determination of thorium, uranium, rare earth elements and other
heavy metals. They exhibit advantages over the symmetric reagents
such as Arsenazo III and Chlorophosphonazo III both in sensitivity
and selectivity. The following is a brief introduction and short review
on these reagents concerning their structures, analytical characteris-
tics, synthesis, purification and application. - 182 references mainly

published in the past decade are presented.”

- INTRODUCTION . -

" Arsenazo and phosphonazo are azo reagents of chromotropic acid
containing the functional groups -AsO;H, and —PO,H, respectively.
Among these reagents, Arsenazo III! and Chlorophosphonazo ITI2 are
the most important. They have been widely used in spectrophotometric
determination of uranium, thorium, zirconium and rare earth elements
etc. In the past decade, a series of asymmetric Arsenazo and Phos-
phonazo reagents were synthesized by Chinese analysts. As for rare
carth elements, these reagents showed their better selectivity, higher
sensitivity and broader range of acidity, as compared with Arsenazo
IIT and Chlorophosphonazo III. Their outstanding properties aroused
the interests of analysts. osrn

. In this paper, the analytical charactensncs _concerning the struc-
ture synthesis and purification, as well as thelr applxcatlon of these
' reagents are bneﬂy mtroduced and rewewed

IR RIS
o . RN N e e e e AR N S 4 t_“
 STRUCTURES AND THEIR ANALYTICAL cnmcrsmsnés |
i These series of reagents have the general structural formulae as_
follows
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i The reagents with formula II have the same chromotropic acid-
bisazo kernel, but the substituents on the two benzene rings differ. As
for Arsenazo III, there are -AsO,H, groups on 2'- and 2-positions,
while Chlorophosphonazo III has -POsH, groups on 2'- and 2-posi-
tions and -Cl groups on 4'- and 4-pos1uons Both of them have
symmetric structures. ’

‘, Recently, a number of asymmetnc bisazo derlvatlves of Arsenazo
and Chlorophosphonazo were synthesized and studied. It was found
that the different substituents on different positions of benzene rings
will alter the analytical characteristics of reagents. The asymmetric
reagents provide advantages (as for rare_ earths) in the followmg
respects: - - - ‘

¢)) Sensmwty ' ' ’

- When halogen- nitro-, carboxy- or acetyl- etc. groups are intro-
~ duced into reagent molecules of bisazo derivatives of Arsenazo or
Chlorophosphonazo, especially more than one substituent on the ben-
zene ring which contains no -AsO;H, or -PO;H,, -Cl groups, their .
sensitivities will be increased remarkably. In the reactions of
Cerium(IIl) with the asymmetric bisazo derivatives of these reagents,
- the sensitivities are 1-3 times as high as compared with those of

Arsenazo IIT and Chlorophosphonazo III (Table 1). RO
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.. Table 1.
i Companson of the sensitivities of the reactions of cerium
with bisazo reagents of Arsenazo and Chlorophosphonazo

. Dibromo-carboxy-arsenazo

Reagent i Molar
T ' Absorptivity Ref.:
~ Chlorophosphonazo III : CPAII 5.9x104 3
p-Nitro-chlorophosphonazo - PNCPA 8.7x104 3
T m-Nltro-chlorophosphonazo T MNCPA ©9.3x104 4
.. " m-Acetyl-chlorophosphonazo - - - MACPA hE 101x105 3
. * m-Carboxy-chlorophosphonazo MKCPA " 1.05x10° -3
" Trichloro-chlorophosphonazo ' TCCPA - 1.08x10° 5
" " Dibromo-nitro-chlorophosphonazo . DBNCPA - - 1.09x10% 6
“ . Arsenazo III AATI ©4.7x104 7
" p-Acetylarsenazo , _PAAA - 1.16x10% 8
Trichloroarsenazo . ...~ = “TCAA 1.23x10° | 9 -
~ Dibromo-sulfo-arsenazo 'DBSAA - 1.22x10° BUE
_ Dibromo-chloro-arsenazo - DBCAA '1.29x10° 11
- Tribromoarsenazo * . TBAA . 1.33x10° 12
'DBKAA *1.40x10% 13




(2)Absorption spectrum - i -, ) ey i e ¥

. In general, the asymmetric bxsazo denvatxves resemble the sym-
metrlc reagents, their rare earth complex gives two . absorption .
maxima, one is higher than the other. Reagents containing different
substituents yield different shapes in their absorption spectra. For:
instance, p-Nitro-chlorophosphonazo, PNCPA (the abbreviation of 3-
((4-chloro-2-phosphono-phenyl)azo]-6-[(4-nitro)azo]-4,5-dihydroxy- -
2,7-naphthalene-disulfonic - acid) . reacts with yttrium in 0.2-0.5M -
HCIO, to form a complex which exhibits a special absorption spec-
trum w1th a peak at 730nm (Flg 1) It is dlstmgulshed from other rare

\ l
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~ §50 ~- 600 - 650 700 - - -750-4 800

Wave;ength/nm : S
Flg l Absorption spectra of PNCPA complexes of Ceand Y. . .
.1, PNCPA against water; 2, Ce-PNCPA agamst reagent blank
3, Y-PNCPA against reagent blank. - . : !

Ce, 10.0pg; Y, 10.0ug; 2M HCIO,, lOml 003% PNCPA
2.0ml. ‘
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earths (from La to Lu) and can be used for the determination of
yttrium in rare earth mixture!4, P-Acetyl-chlorophosphonazo, PACPA
forms with all the rare earth elements complexes with an isosbestic
point at 667nm (Fig. 2). At this wavelength, the values of absorben-
cies of complexes with equal amounts of rare earths are almost identi-
cal, and the method using PACPA has been used to detenmne total
: rareearthsmsamples of different compositions!s, -~ . .ltis
* The reagent having more than one substituent on the benzene ring
which contains no -AsO;H, or -PO;H,, -Cl groups forms a complex
- with the rare earth and gives only one peak in its absorption spectrum.
The peak of the complex is usually shifted to the shorter wavelength
with respect to that by using reagent wnth one subsutuent o
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Flg 2 Absorptnon spectra of PACPA complexes of rare earths:

' 1, Ce-PACPA; 2, Y-PACPA; 3, YB-PACPA agamst reagent
blank Ce, Y and Yb, 10ug each; ‘
- PACPA, 5.29x10°M; HC1, 0.2M. -
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(3) Acidity of reaction :

The asymmetric reagents react w1th rare earths in hlgh acndxc
medium. For example, Dibromocarboxyarsenazo, DBKAA (the ab-
breviation - of = 3-[(2-arsonophenyl)azo}-6-[(4,6-dibromo-2-carboxy-
phenyl)azo]-4,5-dihydroxy-2,7-naphthalene disulfonic acid) gives a
sensitive color reaction with the cerium subgroup rare earths in media
of various acids (hydrochloric, perchloric, nitric, sulphuric and phos-
phoric acid) with wide ranges (Table 2). It is very convenient for
sample treatment and control of acidity in color dcvelopment.

: Table 2. Lo
" Effect of amounts ‘of various acids on the cerium-DBKAA rc:actnon13
' (10pg Ce were added in 25m! of solution)

. Absorbance

Acid added
(ml) -

'HCI  HCIO, HNO, H;SO0, HPO,
C6M - 6M o 6M. M oM

0404 - 0409 . 0410 . 0388 0402

1
3 0397 ~ 0409 0380 . 0399 . :0.391
5. 0.400 0.409 0375 1 0.391 0.390
7 ' 0397 . 0404  0352- 0389 0389
9 0377 - 0.409 0323 0372 038
12 5 0371 0.409 0256 0372 . 0385 .
15 . 0359 0401 0161 0362  0.392
(4) Selectivity .

. Owing to the high acxdxty Wthh is allowed for the reactions of the
asymmetric reagents with rare earths, the selectivity of the reaction
will be improved noticeably. Usually, the tolerance limits of common
ions increase to several milligrams or even to several tens of milli-
grams (Table 3). Thus, the rare earths in n many samples can often be
determined directly without separation. .- -
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v - As certain substituents are introduced into these reagents, it is
found that not only their sensitivities increase, but the selectivities are
raised as well. Arsenazo III is a well-known reagent for thorium, but '
the tolerated amount of uranium(VI) is low. However, the asymmetric
bisazo reagents such as Tribromoarsenazo (TBAA) and Dibromo-o(p)-
nitro-arsenazo (DBONAA, DBPNAA) are more sclective in respect to
uranium in the determmatlon of thonum (T able 4) B

AT

CPA I

- 0,02 . 0.001

100

S 1)) Y SR
"y ., Comparison of the selectivitis of bisazo reagents for thorium -
... Tolerance amount of foreignion (mg) .~

Reagent - o

la - Y UV Ca Ref.
DBONAA 05, 5.0 15 .. " 50 16
DBPNAA 003 ~ 50 . 30 50 17
AA I <05 1.0+ 006 .. 10 7
PAAA 007 -~ 18' 04 147 18
MSCPA’ 2007 . 03 .:O.l 5 19
. MNNPA" S 023 025 . 90
TBAA " 0.003 ""0.01 10.0 0.5 221
PBCPA”‘ ko koK 0.1 6.0 22

23

*k
Wk
woleokk

m-Sulfo-chlorophosphonazo
m-Nitro-nitrophosphonazo
p-Bromo-chlorophosphonazo
interfere seriously
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The absorption spectra of the asymmetric derivatives of Arsenazo
and Phosphonazo will vary in different acidic solutions. For instance, -
- m-Nitrochlorophosphonazo (MNCPA) is rosy-red in a less than 0.5M
solution of hydrochloric acid with a maximum absorption at 545nm,
- and will turn to purplish-blue in pH 11.3 solution with an absorption
peak at 590nm due to the dissociation of one proton from -OH on the
naphthalene ring of the reagent. In 7.5M sulphuric acid solution, the
reagent is protonated as a green species and its absorptlon peak will
shift to 660nm.

The variation of the spectra in solutions of various acldmes indi-
cates that the structure of reagent changes in different media. Accord-
ing to the calculation by quantum chemistry 19 2425 it may be
~assumed that the principal spemes of these asymmetnc reagents in
weakly acndlc solution exnsts as .

oL

o .(P.03H2) | _

and the two following species may exist in strongly acidic ‘medium;

I

r!r“.
s

356



;< r( dad -\ C T
| ‘,|I_ o
N : N
* HO,S \so,u

The stepwnse dissociation constants and protonauon constants can
be deterxmned by potenuometnc and spectrophotometnc methods 25'-

11‘32

SYNTHESIS AND PURIFICATION .

e : oy o : g L

.- The methods for synthesis of various reagents is different accord-
ing to their structures. In general, the corresponding arylamine is
synthesized at first. After the diazotization of arylamine and coupling -
with chromiotropic acid, monoazo derivative will be obtained. The syn-
thetic reaction of Chlorophosphonazo I is outlined as follows:
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NHQ ' - NHCOCH3

O fuming HNO_.,/HAc . KOH/C,H,0H'
\01 (Ac)zo \01  o-3C L

A

L2

By NaNO/HCI _  NaBF, _
: O—NOZ ) 0~ 5°C 4 7 N02
NS ~ s ,

a ST cl

' _NaNO,HCI.

PCl,, CuCl,, HCI . -
> 0~5°C

disodium salt : . : POH, H? ?H

of chromotroplc '
HO;8” \so,H

" If the arylamine with different substituents is. diazotized and
coupled with monoazo derivative in the presence of catalysts such as
LiOH, Li,CO; or Ca(OH), etc., a series of asymmetric bisazo deriva-
tive with different substituents can be synthesized. The outline for syn- *
thesis of m-Carboxyclﬂorophosphonazo (MKCPA) 1s shown as
follows: = ... s
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CCOOH - oo v COOH '
o NaNO, /HCl :
S ML Tomse —N,Cl
_ Ost
; Cl N—N-—
HO3S/
N -‘;:,_LIOH, pHS~10

HO ‘OH ..

LT e

i 4

It should be noticed that the multi-substituted arylamine will be
~ diazotized in strong acid medium (e.g. sulphuric acid). The syntheses
of reagents w1th mulu-substrtuents may be found in references 12 13,
16, 33.: Y g

When monoazo denvauves are prepared wrth m-ﬂuoroamhne or
arulme with halogen or nitro groups in para position, some new series
of reagents will be synthesized.. The works on these derivatives as
reagents for rare earths has been proceeding in recent years34-39,: .22 -

- High-purity reagents are always required for the determination of
their constants and research work on the mechanism of the reactions..
Thin-layer chromatography, extraction and recrystallization are the
methods often used for purification of these reagents. Extraction seems
to be more effective and simple; it usually gives a higher yield and has
been widely used 4 4042, The purity of reagents is often controlled and
checked by paper chromatography, IR spectroscopy, element analysrs
and their sensmvmes of the colour reacnons etc. 40,4345 .. s :

e RN H ’ ';‘(_,,’
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APPLICATION IN ANALYSIS

The bisazo derivatives of Arsenazo and Phosphonazo have been
extensively studied for the determination of rare earths. Among these
reagents, Chlorophosphonazo III (CPAIN), m-Acetyl-chlorophos-
phonazo (MACPA), p-Hippuric acid chlorophosphonazo (PHACPA)
and Tribromoarsenazo (TBAA) etc. were used to determine total rare
earth elements. As described previously, the absorbency of rare earth
complexes by using p-Acetyl-chloro-phosphonazo (PACPA) is meas-
ured at their isosbestic point (667nm) on their absorption spectra,
which provide to deterrmne total rare earths in samples of different
compositions?6,

In general, the sensitivities of rare earth complexes with these
asymmetric reagents decrease with increase of their atomic numbers.
Cerium subgroup rare earths can be determined in the presence of
heavier rare earths by masking with oxalic acid and/or pyrophosphate.
The favorable reagents used for cerium subgroup elements are
Dibromo-nitro-chlorophosphonazo (DBNCPA), m-Carboxy-chloro-
phosphonazo (MKCPA), m-Nitro-chloro-phosphonazo (MNCPA) and
D1bromo-carboxy-chlorophosphonazo (DBKCPA) etc. :

- The derivatives of Arsenazo and Phosphonazo react with rare
carths in weak acid medium to form special B-type complexes, those
often give better selectivities and higher sensitivities. Study on the p-
complex formation reactions of rare earths with these reagents is a
new research area.. For instance, the. p-complex formed between
yttrium and p-Nitro-chlorophosphonazo (PNCPA) allows to determine
yttrium in the presence of certain amounts of lanthanides, and has
been widely used 471 The p-complex reaction of p-chloro-chloro-
phosphonazo (PCCPA) with scandium and heavier rare earths is very
sensitive and gives satlsfactory results m the deternunatlon of these
elements 42,52, -

- Some derivatives of Arsenazo and Phosphonazo can form temary
complexes with rare earths in the presence of surfactants, and thereby
the selectivities and sensitivities further increase 33-56, Moreover,
studies on the multi-nuclear complexes formed by these reagents with
rare earths and other metal such as Mo(VI) Cu(II) etc. have been also
reported 57-59, .
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- Determination of rare earths with asymmetric bisazo derivatives of
Arsenazo and Phosphonazo by ion-exchanger phase spectrophotome-
try is selective and sensitive, due to selective sorption and concentra-
tion of rare earths in the resin phase 6061,

- These reagents have also been used for the deterxmnatmn of
zirconium,_ titanium," blsmuth, berylhum, calcmm, magnesmm and
aluminum, etc. '

. The analytical characteristics and appllcauons of these reagents
are hsted in Tables S5and 6.
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