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The method for quantitative determination of the components of the Ag@Fe,0, nanocomposite has been de-
veloped; it allows simultaneously determining silver and iron in one sample without the stage of taking the aliquot
for individual determinations of these components. The method proposed comprises: the use of a considerably
smaller quantity of the substance in the test sample; elimination of the need to prepare and standardize the
solution of the indicator for silver determination; reduces the labour intensity of the process by saving time and
expensive reagents; eliminates the stage of separation of the mixture components, etc. The basis of the me-
thod proposed is two conjugated detection procedures —Ag determination by Volhard’s method and Fe (lll) de-
termination in magnetite by the method of iodometry. It has been shown that this method allows determining
silver without adding the indicator since the second component is magnetite containing bivalent and trivalent
iron. The experiment is performed by the action of nitric acid on the sample of Ag@Fe,;0, powder. The acid, in
its turn, helps silver to pass into solution and to oxidize Fe?*ions to Fe®* being an indicator in this determination.
With the simultaneous presence of silver and iron in one sample at first silver is quantified, a pale pink colour of
the solution above the precipitate appears only after all the silver has been titrated, that means the completeness
of its precipitation. The experiment is completed with determination of Fe (lll) by iodometry. To assess the validity
of determinations the results have been confirmed by instrumental methods that are consistent with the results
of the titrimetric method developed for quantitative determination of components in magnetically controlled na-
nocomposites. The relative error of the titrimetric determination does not exceed 0.1-0.2%.

PO3POBKA CI1OCOBY KllTbKICHOIO BU3HAYEHHS CKITAQY MAIHITHOIO HAHOKOMITO3UTY AG@FE,0,
T.M.YaH, €.51.JlegimiH, O.C.Kpuchkie

Knro4oei cnnoea: HaHoYacmku; KOMIO3UMHI Ma2HimoKeposaHi cucmemu; KirlbKiCHe 8U3Ha4eHHSsI

Po3pobrieHo crocib KinbKiCHO20 8U3HaYeHHsI KOMIMOHeHMIe HaHokommnosumy Ag@Fe,0,, sikuli 0o380r19€ 0OHO-
YyacHo su3Ha4Yamu cpibrio ma 3arni3o 8 0OHOMYy 3pa3ky 6e3 nposedeHHs1 cmadii 8idbopy anikeom Onsi OKpemMux
8U3HaYeHb UuX KOMMOHEeHMmiIg8. 3anpornoHosaHuli criocib npuHa4eHul: Orsi BUKOHaHHS EKCriepuMeHmy 8UKOpUC-
maHHs1 HasaxKu 0ocnidXyeaHo20 3paska 3Ha4HO MEHWOI Macu; yCcyHeHHs1 HeobxiOHocmi eomyeamu ma ecma-
Hosmoeamu mump posquHy iHOukamopa 05151 8U3Ha4YeHHs cpibna; 3HUXeHHs mpydomicmkocmi npouecy 3a pa-
XYHOK eKOHOMIi Yacy ma dopoaux peakmusie; nepedbayqae 8UKIHeHHs1 cmadil po30ireHHs] KOMIMOHEeHMIg cyMilui
ma iH. B ocHosi 3anpornoHo8aHoz20 crocoby nexamsp 08i NoeOHaHi MEMOOUKU 8USIBNIEHHST — BU3HAa4YeHHST Ag Me-
modom @ornbzapda ma susHadeHHs Fe (Ill) y mazHemumi memodom tiodomempii. [MokaszaHo, wo daHul criocié
0o380715€ MPOBOOUMU 8U3Ha4YeHHSI cpibra 6e3 0o0asaHHs iHOUKamopa, OCKinbKu Opyauli KOMIIOHEHM MagHemum
micmumb 080- ma mpusaneHmHul ¢hepym. BukoHaHHsi docnidy nposodsime dieto Ha 3pa3ok nopowka Ag@Fe;0,
HiIMpamHOoK KUC/IOMOl0, siKa, y CB0K Yepay, nepesodums cpibrio 8 po3yuH, a ioHu Fe?* okucHroe 0o Fe’*, siki U
BUKOHYyrOmMb posib iHOUKamopa 8 0aHOMY 8u3HaqyeHHi. 3a cymicHol npucymHocmi cpibna ma 3aniza 8 0OHOMY
3pasKy nepuwum KinbKiCHO 8u3Ha4yarome cpibro, 651ido-poxese 3abaperieHHs1 PO34UHYy Had 0cadoM 3’8/159€MbCsl
MminbKU nicrisi Mo2o, 5K yeechb apreHmym 8idmumpoeaHo, Wo 8u3Ha4ae nogHomy o2o ocadxeHHs. [Jocnid 3a-
sepwytoms 8usHavyeHHsM Fe (Ill) memodom todomempii. [nsi ouiHku docmosipHocmi 8u3Ha4yeHb pe3yrnbmamu
nidmeepdxxeHi iHcmpyMeHmanbHUMU Memoodamu, sIKi y3200KyombCs 3 pe3yribmamamu po3pobreHo2o mumpu-
Mempu4YHO20 Crocoby KirbKICHO20 8U3HAYEHHS KOMIIOHEHMI8 Yy MazgHimoKepo8aHOMy HaHOKOMMo3umi. BiOHocHa
rnoxubka mumpumempu4yHo20 8u3Ha4yeHHs1 He nepesuuiye 0,1-0,2%.

PA3PAGOTKA CITOCOBA KOJIMYECTBEHHOIMO OMNPEQEJIEHNS COCTABA MAFHUTHOIO
HAHOKOMITO3UTA Ag@Fe,O,

T.M.YaH, E.A.JleeumuH, O.C.KpbicbKkue

Knroyesbie crioea: HaHoYacmuubl; KOMMIO3UMHbIE MacHUMOYNMpaessieMble CUCMEMbI; KOTUYECMBEHHOe orpederieHue
PaspabomaH crocob Koru4yecmeeHHO20 ornpedesieHuUss KOMIOHeHmMo8 HaHokomno3uma Ag@Fe,0,, komopsbiti
ro3eosisiem 00HO8peMEHHO orpedesisimb cepebpo u xene3o 8 00HOM obpasue b6e3 nposedeHusi cmaduu ombo-
pa anukeom 0551 omoOeribHbIX ornpedeneHulti 3mux KoMnoHeHmos. [NpednoxeHHbIl crnocob npedHasHadvyeH: Ons
8bIMOMTHEHUST IKCrIepuMeHma UCMonb308aHUsI HaBecKU uccriedyemoeao obpa3ya 3Ha4umersHO MeHbwel Macehl;
ycmpaHeHus1 HeobxoduMocmu 20mo8uMmb U ycmaHasenaugams mump pacmeopa uHOukamopa 01151 oripederieHusi
cepebpa; CHUXeHUs1 mpyJoeMKocmu rpoyecca 3a c4em SKOHOMUU 8peMeHU U OOpo2ux peakmueos; UCKIIYa-
em cmaduto pa3deneHust KOMIMOHEHMO8 cMecu U Op. B ocHose rpedoxeHHo20 criocoba fiexam 08e COMpsiXKeH-
Hble MemoOuKu 0bHapy>eHus1 — onpedeneHue Ag memodom Donbeapda u onpedeneHue Fe (lll) 8 mazHemume
memodom tiodomempuu. [lokazaHo, Ymo daHHbIU criocob rno3sonssem npogodums onpedeneHue cepebpa 6e3
OdobaesrneHusi uHOUKamopa, NMoCcKosIbKY 8MmopoUl KOMIIOHEHM MagHemum cooepxxum 08yX U mpexearieHMHOe Xe-
neso. BbinonHeHue onbima rnpogodsm Oelicmeuem Ha obpasey, nopowka Ag@Fe,0, asomHou kucrnomou, Ko-
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mopasi, 8 ceoto oyepedb, nepesodum cepebpo e pacmeop, a UoHbI Fe?* okucrissiem do Fe3*, komopsbie u 8bIrnor-
Hsirom porib uHOUKamopa 8 0aHHOM ornpedeneHuu. [pu coeMecmHOM rpucymcmauu cepebpa u xene3a 8 00HOM
obpasue nepsbiM KonudyecmeeHHo orpedernstom cepebpo, briedHO-po308asi OKpacka pacmeopa Had ocadkom
10518/157€MCS MOJILKO 10CI1Ie MO0, KakK 8ce cepebpo ommumpo8aHO, Ymo 03Ha4aem MosIHOMy e20 0CaXXO0eHUs.
Onbim 3asepwarom onpedeneHuem Fe (Ill) memodom tiodomempuu. [ns oueHku docmosepHocmu ornpederneHull
pe3ynbmamsl No0meepx0eHb! UHCMPYMeHmMarbHbIMU MemodaMu, KOmopble coanlacytomcesi ¢ pesyrbmamamu
pa3pabomaHHO20 MUMPUMeMmMpPUYecKoa0 criocoba Konu4ecmeeHHo20 orpedesieHUs KOMIOHEHMO8 8 MagHUMmo-
ynpaensieMbix HaHokomnodumax. OmHocumerbHasi MoePeWHOCMb MUMPUMEMPUYECKO20 onpedeneHusi He rpe-

ebiwaem 0,1-0,2%.

Magnetic nanoparticles and composites on their
basis are the most studied and widely used nanoscale
materials for medicine and pharmacy, and it is asso-
ciated with their remote control by applying an ex-
ternal magnetic field [1]. Appropriate sizes, low toxi-
city and stable magnetic characteristics [2, 3] make
it possible to use them for biomedical research at the
cellular level [4, 5].

The world science and industries are constantly
working to improve new methods for the synthesis of
nanosized particles of silver and create a great num-
ber of products for their application in various fields [6].
Physicochemical and biomedical properties of silver
nanoparticles allow including them virtually in any
materials without the loss of valuable features. Com-
bining several materials with useful properties into
one system creates new opportunities when develo-
ping drugs of a new generation. Applying silver to the
magnetite surface in the form of islets [8] leads to for-
mation of the composite of the “core-shell” type [7],
and silver as a modifying agent gives the system the
ability to be controlled by the external magnetic field
with the simultaneous antibacterial effect. This multi-
functional system is one of the layered magnetic com-
posites [9], which in recent years are profoundly stu-
died for using in biomedical and pharmaceutical purposes.

When studying composites of the given compo-
sition the question of quantitative determination of
the system components using expedient, economical,
and rapid methods arises.

To determine the qualitative and quantitative com-
position the classical volumetric and gravimetric me-
thods of analysis are used [10]. The disadvantage of
gravimetric methods is a significant time of the rese-
arch conducting (from several hours to several days).
Being inferior in accuracy to gravimetry, the titrimet-
ric methods differ by rapidity and are characterized as
kinetic methods for the quantitative determination
of the composition that are the most common in ana-
lytical practice. Currently classic methods are gradu-
ally giving way to highly sensitive instrumental ones,
but they, in turn, have a number of disadvantages when
determining ultra-small amounts of components. Ho-
wever, titrimetry and gravimetry remain unsurpas-
sed in accuracy: the relative error of the titrimetric
determination rarely exceeds 0.1-0.2%, while the er-
ror of many instrumental methods is 2.5%. Therefore,
classical methods remain to be standard for quanti-
fying the reliability of determinations.

The study of nanoscale objects, improvement of
the quality of the existing objects and creation of the
new ones involves improvement of the instrumental
base, the use of modern express methods of research.

Based on the analysis of classical and modern so-
urces of literature data [11-13] on the use of the me-
thods for quantitative determination of silver and iron
with their simultaneous presence in the same sample
by express gravimetric and titrimetric methods are
almost unknown. Modern instrumental methods of
determining the quantitative content of the compo-
nents in the objects of study (X-ray diffraction analy-
sis (XDA) [12], atomic absorption spectrometry (AAS)
[13], etc.) are not always available since they require
the use of specific equipment and skills, the purchase
of expensive reagents, the use of special software for
processing results, etc.

Currently, quantitative determination of silver and
iron in one sample is carried out separately by sui-
table methods [14, 15].

The aim of the work is to develop an express and
simple method for quantitative determination of the
composition of Ag@Fe,0, magnetic nanocomposite.

According to the method developed for quantita-
tive determination of the composition of Ag@Fe,0,
nanocomposite it has the following essential advan-
tages. They are: determination of silver and iron in
one sample; determination of silver does not require
the indicator since iron is a part of magnetite; prepa-
ration of the titrants does not take much time, they are
prepared from the titration standard with the known
concentrations; titration takes place in the acidic me-
dium to prevent hydrolysis of iron (III) with forma-
tion of coloured products of hydrolysis; when deter-
mining iron (I1I) the colour becomes visible already
in the concentration of 6.4x107° mol/L [17], and the
indicator is quite sensitive in relation to thiocyanate
ions.

The method proposed is performed according to
the experimental procedure developed: place 0.0200 g
(accurate weight) of Ag@Fe,0, into a conical flask with
glass stopper, add 10 ml of 6 M nitric acid, and boil to
complete removal of a brown gas. Cool the solution,
add 50 ml of deionized water and mix thoroughly. Tit-
rate with 0.01M solution of KSCN, it is accompanied
by formation of a white precipitate AgSCN (K, =
1.1x107'?2 mol/L - practically insoluble [18]) until a
pink colour of the solution appears (formation of in-
soluble iron complexes) and record the end point.
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Table 1

Determination of the correction factor
for the titre of 0.1 M solution of KSCN

Table 2

Determination of the correction factor
for the titre of 0.1 M solution of Na,S,0,

The yolume of 0.1IM | The \{olume of 0.1M K The vqlume of 0.033M The_volume of 0.1M K
solution of AQNO,, ml | solution of KSCN, ml 1 solution of KBrO,, ml | solution of Na,S,0,, ml !
20.00 19.95 0.9930 10.00 19.63 1.0437
20.00 19.95 0.9930 10.00 19.65 1.0426
20.00 20.00 0.9905 10.00 19.65 1.0426
Mean K| 0.9922 Mean K| 1.0430
Standard deviation SD, | 0.0008 Standard deviation SD, | 0.0006
Relative standard deviation RSD,, % | 0.08 Relative standard deviation RSD,, %| 0.06
Relative confidence interval 0.18 Relative confidence interval 011
of the mean Ast (%) of the mean Ast (%)

After that add 1 ml of concentrated hydrochloric acid
and 0.3 g of potassium iodide to the test solution, mix
thoroughly, close with a glass stopper and leave for
10-15 min in a dark place. Then wash the stopper on
the flask with deionized water and titrate the libera-
ted iodine with 0.05M sodium thiosulphate solution
until a pale yellow colour of the solution appears. Af-
ter that add 2-3 drops of starch solution (the solution
becomes blue), and the titration is continued with vi-
gorous stirring to discoloration of the solution above
the precipitate. Record the end point.

The results of determination of the correction factors
to the titres of 0.1 M solutions of potassium thiocya-
nate and sodium thiosulphate are given in Tab. 1 and 2.

As can be seen from Tab. 1 and 2, both titrated so-
lutions meet the requirements of monograph 4.2.2.
“Titrated solutions” of the SPhU, ed. 1 [14], as well as
the requirements for precision of the molarity specified.
[t allowed obtaining correct and accurate results.

Determination of the quantitative content of silver
and iron in Ag@Fe,0, magnetic composite was performed
in 5 parallel tests, for which homogeneity of the sample
of the results for quantitative determination of the com-
ponents in the mixture was checked. The calculated values
Q,, Q; for both components in separate determinations
(Tab. 3) and components inone sample (Tab. 4) do not
exceed the tabular values Q (P,, n) [14]. It has been found
that the results of the experiment are clear of gross error.

Table 3
The test for homogeneity of the sample of the results for quantitative determination
of silver and iron in Ag@Fe,0, composite (in a separate determination)
Parameters Quantitative determination of silver Quantitative determination of iron
i 1 2 3 4 5 1 2 3 4 5
xi,% 37.09 37.14 37.17 37.19 37.22 52.16 52.63 54.15 54.17 55.14
R 0.13 2.98
Q, 0.38 0.16
Q; 0.23 0.33
Q(P,,n) 0.64 0.64
Table 4

The test for homogeneity of the sample of the results for quantitative determination

of silver and iron in Ag@Fe,0, composite (in one sample)

Parameters Quantitative determination of silver Quantitative determination of iron
i 1 2 3 4 5 1 2 3 4 5
Xi,% 36.72 36.97 37.48 37.48 37.49 53.10 53.88 54.53 54.64 55.31
R 0.77 2.21
Q, 0.32 0.35
Q; 0.01 0.30
Q(P,,n) 0.64 0.64
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Table 5

Metrological characteristics of the average
result of quantitative determination of silver
by thiocyanometry

Table 6

Metrological characteristics of the average
result of quantitative determination of iron (Ill)
by iodometry

The volume of The silver The volume of | The content of
n | Sample weight KSCN 0.01 M contentin % n | Sample weight | Na,5,0,0.05M |[iron (lll) in % (Xi,
titrant (Xi, %) titrant %)
1 0.0200 6.90 37.14 1 0.0206 4.06 55.14
2 0.0199 6.85 37.22 2 0.0207 4.00 5417
3 0.0199 6.85 37.19 3 0.0201 3.75 52.16
4 0.0200 6.85 37.09 4 0.0199 3.85 54.15
5 0.0200 6.9 37.17 5 0.0202 3.80 52.63
Mean, Xi (%) 37.16 Mean, Xi (%) 53.65
Standard deviation, s 0.0497 Standard deviation, s 1.2248
Dispersion, s? 0,0081 Dispersion, s? 1.5003
Relative standard deviation (in relation Relative standard deviation (in relation
0.0013 0.0228
to the average result), sr to the average result), sr
Relative standard deviation, RSD,, (%) 0.13 Relative standard deviation, RSD,, (%) 2.28
Standard deviation of the average 0.0222 Standard deviation of the average 05478
result result
Relative standard deviation of the 0.0006 Relative standard deviation of the 0.0102
average result average result
Relative standard deviation of the 0.0598]1 Relative standard deviation of the 1.021
average result in %, RSDx (%) ) average result in %, RSDx (%) ’
Confidence probability, P 95 % Confidence probability, P 95 %
The numerical value of Student’s The numerical value of Student’s
coefficient t (95%, 4) 2.7764 coefficient t (95%, 4) 2.7764
The half-width of the confidence 0.06 The half-width of the confidence 152
interval of the average result Ax ) interval of the average result Ax )
The half-width of the relative The half-width of the relative
confidence interval of the average 0.0017 confidence interval of the average 0.02835
result Ax,r result Ax,r
The relative uncertainty of the average The relative uncertainty of the average
0.17 2.83
result, % result, %

Metrological characteristics of the average results
are presented in Tab. 5 (for silver), 6 (for iron) and 7
(for silver and iron in one sample); it has been shown
that the method gives reproducible results.

To compare the methods for the simultaneous and
separate quantitative determination of silver and iron
(II) Fischer test F was calculated. Its comparison with
the tabular value of the distribution percentage point
F (P,,v,,v,) [14] shows that the discrepancy between
the values §%, and S%, is not significant in both cases -
for silver and iron, respectively (5%, and S%, - are dis-
persions of separate and simultaneous determina-
tions), the reproducibility of both series are the same
(dispersions are homogeneous).

The data of the results of the study of Ag@Fe,0,
nanocomposite obtained earlier by the methods of
XDA and AAS [19] were compared with the results of
quantitative determination of silver and iron by tit-
rimetry. Analysis of the results of the content of mag-

netite in the sample took into account the gravimet-
ric form (magnetite) and the analyte (iron III), for
this purpose the analytical factor - 1.37 was deter-
mined [20].

Tab. 8 gives the comparative characteristics of the
results obtained by different methods. The discre-
pancy between the percentage of the main compo-
nents in the composite does not exceed 7-10% for
magnetite and 10-20% for silver.

The results of determination of the quantitative con-
tent of Ag@Fe,0, nanocomposite by the method pro-
posed confirm the given core/shell molar ratio of 1 : 0.5
previously determined [21]. Therefore, this method can
be recommended for use when developing the quality
control methods for the substance mentioned above.

Experimental Part

The quantitative determination of silver and iron
in the Ag@Fe,0, nanocomposite under research by
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Table 7

Metrological characteristics of the average result of quantitative determination
in the simultaneous presence of silver and iron (lll) in one sample

n Sample weight The volumg of KSCN The volume (?f Thg silver gontent ' The cqntent Qf
0.01 M titrant Na,S,0, 0.05 M titrant in % (Xi, %) iron (Il) in % (Xi, %)

1 0.0201 6.95 3.85 37.48 55.31
2 0.0203 6.75 3.90 37.37 54.53
3 0.0199 6.80 3.90 37.15 54.64
4 0.0200 6.95 3.85 37.49 53.88
5 0.0202 6.95 3.80 37.48 53.10
Mean, Xi (%) 37.39 54.29
Standard deviation, s 0.1450 0.8374
Dispersion, s? 0.0210 0.7012

The numerical value of Fisher test F (99%, 5) 15.98

Fischer test, F 2.5963 2.1397
Relative standard deviation (in relation to the average result), sr 0.0039 0.0154

Relative standard deviation, RSD,, (%) 0.39 1.54
Standard deviation of the average result 0.0644 0.3745
Relative standard deviation of the average result 0.0017 0.0069
Relative standard deviation of the average result in %, RSDx (%) 0.1734 0.6897

Confidence probability, P 95%
The numerical value of Student’s coefficient t (95%, 4) 2.7764

The half-width of the confidence interval of the average result Ax 0.18 1.04
The half-width of the relative confidence interval of the average result Ax,r 0.0048 0.0192

The relative uncertainty of the average result, % 0.48 1.92

the kinetic method was performed using two appro-
aches: 1) separately, in individual samples; 2) simul-
taneously in one sample.

Silver was determined using thiocyanometry by
Volhard’s method [16]. The indicator in this method
is Fe®* ions, which forms soluble, red complex ions
([Fe(SCN),], [Fe(SCN),], [Fe(SCN)]#, [Fe(SCN),]*) with
SCN- ions in the end point of titration. The thiocya-
nate complexes of iron (II) are not formed to the end
point since thiocyanate ions, first of all, bind to AgSCN.

Before starting the experiment the control experiments
were carried out. The first experiment for determi-
nation of silver - the sample contained magnetite na-
noparticles and other necessary components except
silver. The second experiment for determination of
iron - the sample contained silver nitrate and the ne-
cessary components except iron.

Determination of the composition of nanopartic-
les was started with quantitative determination of sil-
ver. The accurately weighed quantity of the sample

Table 8

The comparison of the results of the quantitative content of silver and iron (Ill) in Ag@Fe,0,nanocomposite

Method Analytical signal The content of components, % Accuracy of measurements, %
The phase composition' The phase content, w %
XDA Fe,O, JCPDS # 88-315 67 +2.5%
Ag JCPDS # 87-717 33
Analytical lines? Content, %
Fe # 248.3 nm, 51+2 o
AAS calculated with reference to Fe,0, 69.87+2 3-5%
Ag #328.1 nm 29.6+1.5
The end point 3 Content, %
- Fe - discoloration of the solution, 54.29+2.0 .
Titrimetry calculated with reference to Fe,O, 74.38+2.0 0.01%-+0.02%
Ag - precipitate AQSCN 37.17+0.3

Notes: 1. The number of substance according to the X ray card-file in the JCPDS (the Joint Committee of Powder Diffraction Standards) database
of powder diffraction standards, PDF2. 2. Resonance lines (absorption signal) in the spectral range that is characteristic for the element.

3. The colour change of solutions, precipitation.
34
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(0.0200 g) was quantitatively placed to a volumetric
flask (250 ml) adding 6M nitric acid and boiled to com-
plete dissolution of Ag@Fe,0,; the process was ac-
companied with intensive evolution of a brown gas.
After the gas evolution the solution containing ions
of silver and iron (I1I) was cooled, and deionized water
was added. The titrant, potassium thiocyanate, was
prepared according to the instructions from the tit-
ration standard of the molarity specified - 0.1 M. For the
experiment 0.05M potassium thiocyanate solution pre-
pared by dilution of the stock solution was used. The
product of analysis obtained as a result of dissolution
was titrated with 0.05M KSCN solution, and a white
precipitate AgSCN was formed. The titration was stop-
ped when a stable pale pink colour of the solution
appeared; it indicated the complete precipitation of
silver ions. To the resulting solution 1 ml of the con-
centrated hydrochloric acid was added by a micropi-
pette, then potassium iodide was added, thoroughly
mixed, closed with a glass stopper and left for 10-15 min
in a dark place. Then the stopper on the flask was was-
hed with deionized water; and the liberated iodine was
titrated with sodium thiosulphate solution (Na,S,0,
solution was prepared according to the instructions
for the titration standard of the molarity specified -
0.1 M, diluted to the required concentration, and its
titre was determined). In the process of titration, when
approaching the point of the analytical signal, the so-
lution had a pale yellow colour, then the solution of
starch was added (the solution became blue). The tit-
ration was continued with vigorous stirring to disco-
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liable method for quantitative determination of the
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