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Spectrophotometric methods for determining Be(II) with Chromazurol S, Eriochromcyanine R
and Eriochromazurol B in the presence of cationic and nonionic tensides were compared 'using
the basic optical and statistical parameters. A rapid and sensitive method was developed for
determining Be(II) using the Be(ll)-Eriochromcyanine R-Septonex system in 0-1m pyridine
or urotropine buffer of pH = 6:0 4+ 0-1 with a molar absorption coefficient of 83 . 10* mmol ™! .
.cm? at 590 nm.

The importance of the analytical chemistry of beryllium is increasing with increasing technological
importance of metallic beryllium and its alloys with copper, aluminium, magnesium and other
elements’. The determination of the beryllium content in treated materials, in waste waters and
primarily in the atmosphere from factories is among the most pressing problems in analytical
chemistry, as beryllium is a highly toxic inorganic pollutant with very strict standards for permis-
sible concentrations of beryllium in the factory and surrounding atmosphere. Analytical proce-
dures must be rapid and very sensitive and precise.

In spite of the ever increasing importance of the determination of beryllium by atomic absorp-
tion, molecular absorption spectrophotometry in the visible and ultraviolet regions remains
an important method in many analytical laboratories. The group of hydroxytriphenylmethane
dyes with salicylic acid functional group, especially Chromazurol S, Eriochromazurol B and
Eriochromcyanine R, have been found to be among the best spectrophotometric reagents.
The binary chelates of these dyes with beryllium exhibit molar absorption coefficients in the
range (0-4—2-3). . 10* mmol ~! ¢cm?, depending on the experimental conditions. The sensitivity
and colour contrast of the reactions are greatly increased in the presence of cationic and nonionic
tensides? ™ 2%, where the molar absorption coefficient values attain values of (5-0—11-0). 10*
mmol ™! ¢m?. Most ternary Be(II)-hydroxytriphenylmethane dye-tenside complexes are formed
very slowly and maximum absorbance is attained, depending on the experimental conditions,
after 1—3 hours, which is a substantial disadvantage in their use for the development of a rapid
spectrophotometric method.

In this work, the reactions of beryllium with Chromazurol S, with its unsulphonated
analogue Eriochromazurol B and with Eriochromcyanine R in the presence of cetyl-
trimethylammonium bromide, cetylpyridinium bromide, Zephiramine, Septonex,
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Triton X-100 and Brij 35 were compared from the points of view of the time stability
of the ternary species, and sensitivity, precision and colour contrast of the reaction.
A rapid and sensitive spectrophotometric method of determining beryllium with
Eriochromcyanine R in 2.107* mol I 'Septonex (l-ethoxycarbonylpentadecyltri-
methylammonium bromide) medium was developed.

EXPERIMENTAL

Chemicals and Instruments

The stock solution of 4-88.1072 mol1™* (Be(NO;), in 1-0mol1™! HNO; was prepared
by dissolving spectral pure beryllium oxide (Johnson Matthey, London, Great Britain) in semi-
-conductor purity nitric acid and was standardized gravimetrically as BeO. The working solu-
tions were prepared by diluting the stock solution to the required concentration of beryllium
with a final concentration of HNO; of 0-10 mol 1™ L

Chromazurol S (3”-sulpho-27,6”-dichloro-3,3’-dimethyl-4-hydroxyfuchsone-5,5'-dicarboxylic
acid, further CAS), Eriochromazurol B (2”,6”-dichloro-3,3’-dimethyl-4-hydroxyfuchsone-5,5’-di-
carboxylic acid, further CAB) and Eriochromcyanine R (2”-sulpho-3,3’-dimethyl-4-hydroxy-
fuchsone-5,5’-dicarboxylic acid, further ECR) were purified by a combination of precipitation
and extraction methods?%+27 using commercial substances from the firm Geigy (Basle, Switzer-
land) or ICN Pharmaceuticals Inc. (New York, USA). The content of the active component
was found by elemental analysis and spectrophotometrically?®-27.

Zephiramine (benzyldimethyltetradecylammonium chloride (C,3H,,NCl; M, = 368-04, fur-
ther ZPA), product of the firm Dojindo Co., Japan. Cetylpyridinium bromide (C,, H3gNBr,
M_ = 384-44, further CPB) and cetyltrimethylammonium bromide (C(gH,,NBr, M = 364-45,
further CTMA) were the products of Lachema, Brno, Czechoslovakia. Septonex (l-ethoxy-
carbonylpentadecyltrimethylammonium bromide, C,;H4,0,NBr, M, = 4225, further SPX)
was the product of Slovakofarma, Hlohovec, Czechoslovakia. The solutions were prepared
by dissolving a weighed amount of the tenside in 5 ml of ethanol immediately before use. Triton
X-100 (octylphenolpolyethyleneglycol ether, n ~ 10, analytical grade, further TX) was a product
of Koch-Light Lab. Ltd., Great Britain and Brij 35 (polyoxyethylenemonolauryl ether, n ~ 20,
M, ~ 900) was a product of Merck, GFR. The stock solutions contained 2%, w/v in water.

The remaining chemicals, instruments used and method of measuring and treating the indi-
vidual absorbance curves were described in earlier works26~28,

RESULTS AND DISCUSSION

The absorbance of a solution containing the ternary metal ion-hydroxytriphenyl-
methane dye-tenside system depends in general, in addition to the experimental
conditions, also on the order in which the individual components of the reaction
mixture are combined. Of the combinations of mixing procedures tested??, a proce-
dure in which the required volumes of the components are added to the volumetric
flask in the order, tenside solution, reagent, acid for adjusting the ionic strength,
the acidic solution of Be(II), 50—60%; of the total water volume and pH adjustment,
proved to the best. The rate of attaining chemical equilibrium does not, however,
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depend on the manner and order of mixing the individual components. Using the
other tested procedures, in study of the reaction of unsulphonated Eriochromazurol B,
the molecular form of the reagent LH3 or a poorly soluble chelate with beryllium
ions is precipitated after acidification of the solution.

All the measurements were carried out at an ionic strength of 0-01 in a chloride
or nitrate ion medium, as studies of the binary Chromazurol S and Eriochromazurol B
systems with cationic and nonionic tensides?® indicated that the most stable ion
associates of the reagent with the tensides is formed in the presence of Cl~, SO~
(c. < 0-5mol1™") and low concentrations of NOj (¢, < 001 mol 17"} ions. The
formation of the binary reagent-tenside species and thus also the ternary metal
ion-reagent—tenside species depends on the overall concentration and type of in-
organic acid anion because of the varying stability of the ion associates of tensides
with these ions, which decreases in the order Cl1O; > NOj; > SO~ ~ Cl~ (ref.??).

Reaction of Be(II) with Chromazurol S

Equilibrium is established in the presence of a 0-1%; solution of nonionic Triton X-100
in the Be(II)-CAS-Triton X-100 system within 45—60 min. after solution prepara-
tion (pH = 62-49, ¢, =25.10"moll™", ¢p, = 5.10"moll™"). The ab-
sorbance is stable for up to 120 min and then rapidly decreases in the whole pH
interval. At the given pH value, the absorption maximum shifts from 585 —600 nm
to 602—620 nm, in dependence on time, corresponding to the transition from the
binary reagent—tenside species to the ternary Be(II)-CAS-tenside species. Decom-
position of this species after a longer time is reflected in a decrease in the absorbance
in the wavelength region 600—640 nm with simultaneous shift of the absorption
maximum to shorter wavelengths. The dependence of the absorption spectra on the
acidity confirms the conversion of the binary reagent—tenside species (pH < 3-5)
with absorption maxima at 510 and 585 nm to the ternary species with a marked
absorption maximum at 613—617 nm at pH 4-5. The optimal acidity for formation
of this species lies in the pH intervals 56 —5'9 and 6:3—6'9 at an optimal Triton
X-100 concentration (¢, = 3-75.10"*moll™!, ¢, =75.10"moll™", ¢ =
= 0-10%), found from the dependence of the absorbance on the concentration
of tenside in the whole pH interval, pH 5-65—6-75. At higher Triton X-100 concentra-
tions, the absorption maximum of the ternary species is shifted to shorter wave-
lengths (from 617 to 590 nm) and the absorbance decreases. The values of the molar
absorption coefficient found under optimal experimental conditions (¢, = 3-75.
L107° mol17%, ¢p, = 7°5.10"%mol17%, 0-1% m/v Triton X-100, pH 57) vary
in the interval 7-9—8-1 . 10* mmol ™! em?.

In the presence of the cationic tensides, cetyltrimethylammonium bromide and
cetylpyridinium bromide, under the same conditions, the equilibrium is established
over 1—4h in dependence on the acidity of the medium (pH = 3—7) and tenside
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concentration (¢ = 1.107%—6.10"?>mol1™*) for CTMA and over 3—4h for
CPB (Table I, Fig. 1). The absorption maximum shifts with time from 595—613 nm
(pH 52 0r 61, T ~ 5 min.) to 618 —620 nm for CPB and from 597— 607 nm (pH 555
t0 6:2, T ~ 5 min) to 616—618 nm for ¢y = 2.10"*mol 17! CTMA or from 589 to
601 nm (pH 5:1—62, t ~ 5 min) to 617—620 nm for ¢r = 2. 1072 mol I™* CTMA.
A similar shift of the absorption maximum on the absorption spectra in dependence
on the acidity of the medium indicates the existence of the binary reagent-tenside
species at pH < 3-5 with absorption maxima at 510 and 585 nm and their gradual
conversion to the ternary Be(II)-CAS-tenside species with absorption maxima at 618
to 620 nm for CPB (pH 4-8—6'5) or 616—620 nm for CTMA (pH 5-:0—6:7). The
differential absorbance-pH curves (¢, = 3:75.107*mol1™", ¢p, = 7-5.107¢ mol .

TABLE I
Survey of the important characteristics of the ternary complexes of Be(II) with Chromazurol S,
Eriochromazurol B and Eriochromcyanine R in the presence of tensides. ¢y = 7-50. 10~ mol .

A7 e =375.1075 mol 17, ey = 2. 107 % mol 171, 5% ethanol, I = 0-01 (HNO; + NaOH)
t=25°C, I = 10 mm

System pHinterval pHopt.  1.,° 10%.¢&8 ¢
Be-CAS-TX! 56—59 57 613 810 1207
Be-CAS-BRIJ 56—58 57 614 792 150¢
Be-CAS-CPB 4-8—52 5:0 618 833 1807
Be-CAS-CTMA 5:4—57 55 613 7-67 607
Be-CAS-SPX 5-0—52 51 619 770 300
Be-CAS-SPX*® 58—60 59 619 790 300
Be-CAB-ZPA 50—58 54 616 1060 150¢
Be-CAB~CPB 46—4-8 47 619 8:00 120
Be-CAB-CTMA 4851 50 618 7-07 60
Be-CAB-SPX 4749 4-8 614 750 120
Be-CAB-ZPA 47—4-9 48 615 9:30 90
Be-ECR-TX¢ 5658 57 583 630 70
Be-ECR-CPB 50—52 52 588 800 70
Be-ECR-CTMA 56—58 57 587 7-50 70
Be-ECR-ZPA 5258 54 587 8:90 90
Be-ECR-SPX 5:6—61 59 590 843 5

@ Absorption maximum, nm; ? molar absorption coefficient, mmol ™! cm?; € time required for
attaining maximum absorption, minutes; 4 cr = 0:1% (TX = Triton X-100, BRIJ 35); € cp =
=2.10"3mol17%; / for concentration ¢y = 2.1073 mol 17, the equilibrium time is 60—
120 min. longer; at cp = 2. 107 3 mol 17, a precipitate is formed in solution.
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.17 er=2.10"*mol1™! CTMA or CPB) and the corresponding dependences
of the absorbance on the tenside concentration at a constant pH value confirm the
optimum pH interval, pH = 50 £ 0-2 for CPB and pH = 54 + 0-3 for CTMA
and the above most suitable tenside concentration, ¢x = 2. 10™* mol I™*. The molar
absorption coefficients determined under optimal experimental conditions attain
values of 83.10* or 7-7. 10° mmol™*! cm? for CPB and CTMA, respectively. The
behaviour of both ternary systems is completely analogous in 0-1 mol 1~! chloride
and nitrate media.

The presence of frequently used Zephiramine leads to equilibrium establishment
in the ternary system after 150 min (¢r = 2. 107% or 2. 1072 mol 1™*). The absorp-
tion maxima for both Zephiramine concentrations shift in dependence on time and
on the acidity of the medium from the region of maximum absorbance of the binary
reagent-tenside species (510 and 585nm) or reagent-metal ion species (580 nm)
to 612—616 nm in the optimal pH region, pH = 5-4 £ 0-4. Under these conditions,

the molar absorption coefficient attains a value of 10:6 . 10° mmol™* cm?.

Equilibrium is not established in the ternary Be(II)-~CAS-Septonex system until
after 5 h for both the SPX concentrations in the whole pH interval, pH 5-1—6-3.
The absorption maximum on the absorption spectra is shifted with time and with
increasing acidity to longer wavelengths and the absorption maximum of the ternary
species lies at 609 —619 nm (pH 4-8—6-4). At pH 51 & 01, an SPX concentration
of ¢y = 4.10"*mol1™* SPX is preferable and for pH 69 + 01, a concentration
of 2. 1073 mol 17!, Under the above experimental conditions, the molar absorption

Fig. 1

The dependence of the absorbance on time (h)
in the binary Eriochromcyanine R-Septonex
system (curves 1, 6, 8 and 70) and in some
ternary systems (curves 2—35, 7, 9). ¢ =
=375.10"% mol 171, ¢p, = 7-5.10" S mol .
17 (curves 2—5, 7, 9), cr=1. 1073 mol . 4
171 (curve 2), otherwise 2. 10” % mol 174,
I'= 001 (HNO; + NaOH), # = 25°C. Re-
agent—tenside-pH-4 (nm): Curve 1 ECR-
-SPX-1-00-457, 2 CAS-SPX-6-40-619; 3
ECR-CTMA-7-10-596, 4 ECR-CPB-7-15-
-598; 5 ECR-Zephiramine-7-10-594; 6
ECR-SPX-8:00-430; 7 ECR-SPX~6-50-
-586; 8 ECR-SPX-520-505; 9 CAS-Ze-
phiramine-5-10-612; 10 ECR-SPX-~3-30- ,
~505 ) 0 ! Va—
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coefficient attains a value of 7-7 or 7-9 . 10* mmol™! cm?. This fact is probably
connected with formation of two different ternary species, as was observed for the
Fe(I1I)-CAS~CPB ternary system?® for varjous tenside concentrations.

The Reaction of Be(1I) with Eriochromazurol B

In the presence of cationic tensides, the behaviour of the ternary Be(II)~CAB-tenside
system is similar to the behaviour of the system containing CAS. The reaction
equilibrium is established, depending on the type of tenside, in 60 (CTMA), 90
(Zephiramine) or 120 (SPX, CPB) minutes under similar experimental conditions.
The absorption spectra exhibit a similar shift of the maximum absorption to longer
wavelengths in dependence on the pH and time and the existence of the ternary
species is indicated by a sharp absorption maximum at 614 (SPX), 615 (Zephiramine),
618 (CTMA) or 621 (CPB) nm. The optimum tenside concentration was found from
the dependence of the solution absorbance on the tenside concentration in the pH
intervals 4-6—4-8 (CPB), 4-8—5-1 (CTMA) for all the ternary systems and equals
¢y =2.10"*mol1™*. The molar absorption coefficient values determined under
optimal conditions, 9-3. 10* (Zephiramine), 7-5.10* (SPX), 8:0.10* (CPB) and
7-1.10* (CTMA) mmol~* cm? are generally lower than the corresponding values
for Chromazurol S. Thus the reagent has no advantages over sulphonated Chroma-
zurol S.

The Reaction with Eriochromcyanine R

The reagent decomposes slowly, probably with formation of the colourless sultone
form, in aqueous solutions of Eriochromcyanine R in the pH interval 3—6-5. This
transition is blocked in this pH interval by the presence of tenside?”'2%. On the other
hand, the presence of the tenside hastens the decomposition in the acid region and
thus the dependence of the absorbance on time was measured for selected pH values
in the interval 1-0—9-0. The 4 = f(r) curves confirm that the reagent is stable in weak-
ly acidic to alkaline media for at least two hours, while at pH < 3 irreversible con-
version to the colourless form of the reagent occurs. The rate of the conversion
increases with decreasing pH of the solution, so that ECR is unsuitable for deter-
minations in this region (Fig. 1).

The absorption spectra of the binary ECR—tenside system exhibit only slight de-
formation of the absorption band of the acid-base form LH2™ in the region around
570— 580 nm. The acid-base characteristics of the reagent exhibit similar changes
as those described for both the above reagents (CAS, CAB) in the presence of ten-
side?®, i

Equilibrium is established in the ternary Be(II)-ECR-tenside system under cor-
responding experimental conditions much faster than for CAS and CAB. Depending
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on the type of tenside, equilibrium is established immediately after solution prepara-
tion (SPX) or after 60— 70 (Triton X-100, CTMA, CPB) to 90 (Zephiramine) minu-
tes after solution preparation. The molar absorption coefficient values for the indi-
vidual systems are 63.10* (Triton X 100), 7-5.10* (CTMA), 8-0.10* (CPB),
8:9.10* (Zephiramine) and 8-4.10* (SPX) mmol~' cm® Because of the rapid
equilibrium establishment in the Be(II)—ECR—SPX system, the high sensitivity of the
reaction and the ready availability of both reagents, this system was chosen for de-
velopment of a rapid spectrophotometric method of determining beryllium.

Determination of Beryllium with Eriochromcyanine R in the Presence of Septonex

The dependence of the absorption spectrum on time (¢, = 7-50. 107 ¢ mol]1™%,
e =375.10""moll" !, ¢ =2.10"* mol1™?, I = 0-01) under optimum acidity
conditions for formation of the ternary species (pH 5-0—6-5) exhibits a shift of the
absorption maxima by 5—8 nm to longer wavelengths, while the intensity of the
spectral bands does not change. In the given pH interval, the reaction equilibrium
is established within 5— 10 min from solution preparation.

The dependence of the absorption spectra on the acidity of the medium (Fig. 3)
confirms the gradual transition of the binary reagent-tenside species with absorption
maxima at 505 and 570 nm to the ternary species with absorption maxima at 585 to
590 nm with simultaneous conversion of the reagent to the yellow acid-base form
LH*~ with absorption maximum at 430 nm (see curves 7 — 11 in Fig. 3). In the weakly
alkaline medium (pH ~ 8), the ternary species decomposes, reflected in a marked
decrease in the absorbance in the region around 580 nm.

F1G. 2

Differential A4 = 4 — A; = f(pH) curves
for some ternary Be(II)-reagent-tenside sys-
tems. For the experimental conditions, see
Fig. 1. Reagent-tenside-1 (nm): Curve 1
ECR-SPX-580; 2 CAB-CTMA-617; 3
CAB-CPB-618; 4 CAS-CTMA-613; 5
CAS-CPB-618; 6 ECR-SPX-580; 7
ECR-SPX-580 (4 = f(pH))
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The dependences of the absorbance on the reagent and tenside concentrations
in the above pH interval (e = 1.107%~4.10">mol1™* or ¢, = 7-5.107% to
7-5.107° mol 1) confirm that the ternary species is best formed in roughly a 5-fold
concentration excess of the reagent and at a Septonex concentration of ¢y = 2, 107%
mol 171, At higher Septonex concentrations, the ternary species decomposes to form
the binary ECR-SPX species or the classical chelate Be-ECR is formed.

The absorbance-pH curves of the ternary system under the above experimental
conditions exhibit a single formation branch in the pH interval 2—6 with maximum
absorbance values in the pH interval 5-7-—6-1. The molar absorption coefficients
determined from the absorbance of the system at pH = 59 4+ 0-05 attain values
of (84 + 0-1). 10* mmol ™ * cm?,

The following buffers were tested for acidity adjustment in the above optimal pH
interval: pyridine, acetate, HMT and tris-hydroxymethylaminomethane in concentra-
tions of 0-01 —0-5 mol 17 £, Of these, pyridine and HMT buflers with a final concentra-
tion of 0-1 mol1~! were found to be most suitable; in" concentrations up to 0-2
mol 17, these buffers do not affect the parameters of the ternary species found
in unbuffered aqueous solutions in the whole pH interval. Pyridine buffer with
pH = 5-90 was chosen for the actual determination of beryllium with ECR in the pre-
sence of SPX; somewhat lower blank values were measured for this buffer (Table IT).
The dependences of the absorbance on the concentrations of the reagent and Septo-
nex confirmed the above optimal concentration ratios of ¢ /ey and crfey in the pre-
sence of the buffers.

Fi16.3
The absorption spectra of the ternary Be(I-ECR-SPX system in dependence on the acidity
of the medium. For the experimental conditions, see Fig. 1, time 5 min. pH: curve 1 2-:90; 2 3-70;
34-10; 4 4-31; 54:69; 6 5:00; 7 569; 8 590; 9 623; 10 648; 11 670; 12569, differential
curve
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The calibration curves are linear in the concentration interval ¢y, = 0-4—7-5.107°
mol 17! in 0-1 mol 1! pyridine and HMT buffer media. The results of statistical
treatment of the curves by the least squares method using the STAT program are
given in Table TI. The results reflect the high sensitivity and precision of the deter-
mination of beryllium with Eriochromeyanine R in the presence of Septonex, as the
estimate of the relative standard deviation of the determination of Be(II) in 10 inde-
pendent samples was not greater than +2% (Table II).

It follows from comparison of the basic parameters of the spectrophotometric
methods for the determination of beryllium with Chromazurol S, Eriochromcyanine R
and Eriochromazuro]l B in the presence of cationic and nonionic tensides (Triton
X-100, BRIJ 35, CTMA, CPB, ZPA, SPX) that, from the point of view of the sensitiv-
ity of the determination with the individual reagents, Chromazurol S is most useful
in practice. Using this reagent, the molar absorption coefficient at a wavelength
of 610—620 nm attains a value of (0-8—1:06) . 10> mmol~* cm?. The unsulphonated
derivative of Chromazurol S — Eriochromazurol B — has a somewhat less sensitive
reaction and thus has no marked advantages for the development of a method of de-
termining beryllium. Of the studied reagents, Eriochromcyanine R is the least sensi-
tive for practically all the tested tensides (Fig. 2).

TasLE II
Statistical parameters of the calibration curves for the ternary Be(II)-Eriochromcyanine R-Septo-
nex system. ¢; = 3-75. 1075 mol 171, cr=2. 10" * mol 171, ey = 040—7-50 . 107 % mol 174,
pH 5-90, 0-10 mol 1! pyridine buffer, 5% ethanol, 590 nm, = 5 min

Quantity Value Note
e & d(g), mmol ™' cm? 82628 43099  d(e) = 35,(Tx? — (Zxp?/m'/?
A £ d(A), 0-198 £ 0:0097  d(Ay) = d(e) . (Xx;/m*'?
Sa(ayy - 107 631 ClAerp — Aenid*fin — 2012
Detection limit, pp® 688 8. Sa(ay) - 1000. M, [e
Sensitivity index for 1-09 10. M, [e

A = 0-010, pp®

Reproducibility, % 1954, 1-80° (34 — D — )2

@ Calculated for cpy=3. 10" ® mol1™!, n=10; ° calculated for em=>5. 107" mol 171,

n= 10, A, blank absorbance, calculated from the regression straight line, A.yjo, Aexp cal-
culated theoretically and experimentally determined absorbance values for the individual
points on the calibration curve, x,cy values for the individual points on the calibration curve,
n = number of measurements, M, relative atomic (molecular) weight of the analyte.
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For the individual reagents, the most sensitive reactions with beryllium occur
in the presence of cationic tenside, primarily Zephiramine and cetylpyridinium bromi-
de. The differences in the sensitivity of the reactions of beryllium with the hydroxy-
triphenylmethane dyes in the presence of cationic and nonionic tensides are not as
marked as for cations of higher valency, Fe(IIT), Al(IIT), ezc.297 31,

The high sensitivity of the spectrophotometric method of determining beryllium
(Table 1 and 1I) is in very good agreement with the sensitivity given in the literature
(Table III). The high molar absorption coefficient values for the reaction of Be(II)
with Chromazurol S in the presence of some nonionic tensides, ¢ = (1-2—1-8).
. 10° mmol ™! cm? are probably a result of the higher impurity content in the tensides
used (ref.'?).

The colour contrast of the reactions varies in the interval 60— 190 mm and is best
for Chromazurol S and Eriochromazurol B with cationic tensides, while the colour
contrast for the reaction with Eriochromeyanine R is much lower (Adpax = Amaxmit)
— Amaxry = 70—180 nm), corresponding to the splitting of the absorption band
of the LH2™ acid-base form in the presence of tenside?’.

TAaBLE IV
The effect of interfering ions and masking agents on the spectrophotometric determination
of beryllium with Eriochromcyanine R in the presence of Septonex. ¢ = 3-75. 1075 mol 174,
ey =20.10"%mol1"! or 40.107 % mol 1™}, ¢;=2.10"*mol 1™}, 5% v/v ethanol, 0-10
mol 17! pyridine buffer, pH 590, f = 25°C, { = 10 mm, 590 mn, T ~ S min

Ton cxley, MY Reagent e, /ey M?
Cu(ID) 1:2,10:1° EDTA 1:2
Zn(ID) 10:1 CaEDTA 5:1
Mg() 100: 1 MgEDTA 5:1
Nid) 10:1 NTA 5:1
Fe(I1)) 1:70 CDTA S:1
Co(ID 10:1 thiourea 2500:1
AI(IID) 1:80 P03~ 1:1
Cl1~ 5000:1 CH,CO0™ 500:1
S0%~ 5000: 1
Clog 15:1
NOj 5000: 1
NHF 5000:1

% Concentration ratio of the interfering ion (masking agent) related to the beryllium concentra-
tion, ¢y = 2:0.107% mol 17! and ¢y = 4-0.107° mol1™", leading o a relative absorbance

change of AA = 2%; ® value at cppyra = 1. 1075 mol1™ %,
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The reactions of beryllium with hydroxytriphenylmethane dyes in the presence
of the individual tensides occur very slowly, except for the reaction of beryllium with
Eriochromcyanine R in the presence of Septonex. The maximum absorbance value
is attained during 1—3 h; only for the above Be(II)~ECR-SPX system is equilibrium
established in 5—10 min. The slow reaction in the ternary systems renders the use
of these reactions for the development of a spectrophotometric method for the de-
termination of beryllium less suitable. The equilibrium establishment in the reactions
of Eriochromcyanine R can be hastened by heating the solutions to 50 —60°C, while
increasing the temperature during the reactions of Chromazurol S and Eriochroma-
zurol B leads to precipitation of the binary reagent-tenside species of Be(IT) — reagent
species (see also ref.’?). Data on the time dependence of the reaction in the literature
are very varied, not only for the various ternary systems, but also for identical systems,
as a number of factors affect the course of the reaction (Table I1T). In addition to the
experimental conditions (concentration of the individual components), the slow
formation of the binary chelate of beryllium with the individual hydroxytriphenyl-
methane dyes probably plays an important role*32.

The reactions of beryllium with the individual reagents in the presence of tenside
occur in weakly acid or neutral media (Table II and III), where almost all masking
agents (EDT, NTA, tartrate, citrate, etc) strongly interfere. Similarly, displacement
equilibria using calcium or magnesium salts of EDTA are less useful than for the
corresponding binary systems*. The use of these masking agents leads to a considera-
able decrease in the sensitivity of the determination method’?:*°. In the actual
determination of beryllium, prior separation of it from other ions in the sample
on an ion-exchanger or using some other suitable separation method! is usually
preferable. Masking agents could not be used in the analysis of beryllium bronzes
with high copper contents (95—78%) as it was impossible to eliminate the inter-
fering effect of high concentration excesses of copper (Table IV). Separation of cop-
per by electrolysis was found to be most useful here®.
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