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I1T20DUCTICIH
There are nurierosus metnods avuilable for the micro

determiration of hxlogens in organic compounds.

wmong these is the Fre:sl (1) comoustion method.

“ais irvolves the ournirnz of the compound in a strewn of

-

oxygen. "The products of combustion pass over red hot
platinum contacts and tne halogen is aovsorbed in sodium
carbonate containing sodiwn nisulphite which reduces any
halate sresent. The halicde ion is then precipitated in
& ritric acid soluticn by silver nitrate. T"he silver
vglidea is tnen filtered, dried, and weigsned. “ne Cis-
advartagze of tnis wethod is that it is not suitarle for
volatile suostances &and those wnich cdecompose with sreat

difficulty.

The sodiun peroxide bomb wetiod, as modified by ijlek
wnd 111l (2), gives ¢092d results. “ne scople is fused in
a micro oommb with a mixture of potassium nitrate, sodiun
peroxide und sucrose. ~The fusion is dissolved and any
nalate formed is reduced vy nydrazine sulfate. The halide
is then precipitated and weighed as the silver halide.
the difliculty in the

v

The disadvantage of tris metnod is

naradlin, of liguids end vol=stile substances.

Ir the Zacherl and Hrainieckx (3) wethod, the orcunic
substance is oxidized by a mixture of concentrated sulphu-

ric zcid, silver dichromate anc votassiwa dichromate. The



halogen evolved is collected in 2 rixture of 0.01N sodium
hydroxide with acid-free hydrosen peroxide and the excess
#1¥ali nack titrated with 0.011. hydrochloric wcid. This
is a rapid determinatior but has the disadvantage that

it cannot be used on volatile substances. Iodine cannot

be determired by tnis rethod.

The wWillard &nd Thompson (4) method involves the oxid-
atior of the sumple bty fuming sulphuric @cid 1o wnich is
added amonium persulfate. The hzlogen is distilled into
alkaline arsenite solution and then precipitated as the

silver halide. “his mwethod is not svitapvle for the deter-

mination of h&logens in volatile compounds.

The Stewarow riethod for halogens in organic compounas
hins teen nodified by Rauscher (5) so thet it can be used
for micro analysis. 1Irn this method, moroethénolerine or
dioxune is used to dissolve the sample. .etallic sodiumn
is 2dded ¢rd the mixture refluxed. 7The solvtion is then
acidified with ritric zcid, filtered and the hezlide preci-
pitated by silver nitrate. The silver hslide is then de-

termined gravimetrically,

ihe first micro Carius determinations were czrried out
by Gmieh snd bonau (6). TFregl (7) further developed the
netliod. In this metiod

, the organic conpound is decomnosed

by hecting with concentirated nitric ¢cid #rnd silver nitrate

m

t o« bigh tewmperature and urder pressure. Ghe silver rnal-

ide formed is filierea through & filter tube and then dried
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and weighed. The acvantage of this methcd is that it is
adaptutle to solids, liquids, &nd volutile orgunic halogen
compounds. Samples wnich cecompose with difficulty can
also ce cetermired Tty this metuod.

The main disadvantage of the method as now used is
the length of time required for the combustion vhich is
considerably lorger than that required for the other metli-
5ds. also when volatile compounds are analyzea, the solu-
tion contairs gless splinters from the capillary contain-
ing the sample which rnakes it necessary for the precipi-
tete to be weigred in & filter tube which is then rewvieigled
after dissolving the silver halice witn poteasgsium cyanice

solution.

In the Carius method, &s in most of tnhe others pre-
viously mentiored, the silver halicde is determired gravi-
netrically. Iilowever, a weighed amount of silver nitrate
nay ve used and tne excess silver ion determined volure=-
trically. The Volnard method is probaply the most used
of tnese volumetriec modifications, at least on a m&cro

scele.

The original Volhard (&) metnod consists of scidify-
ing a sslution of the halide with nitriec acid., 7o this is
adced @« r.eusured excegs oI standard silver nitrate to pre-
cipitate tiie halice und & quantity of a ferric ion solu-

tion wnich a«ecls as the indicator. ‘Then without filtering
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off the silver halide, tne excess silver nitrate is deter-
mined by titrating with a standard thiocyaruate solution.

P ¢ -
Ag + ClS —> £gChS .
derr + 6CLSIre(CLs)]

This metithosd was found to be irnaccuraie wnen determin-
ing e¢hlorides. The slower tne titration was csrried out,
thie lower were the results obtained.

Burgleren (9) reported that the indistinct endpoint
was cue to free nitric acid which cestroyed tne coclor by
oxidizing the thiocyurate ion.

Srescliel (10) found that the ferric thioscvanate com=-
plex was decomposed ©y tne silver chloride according to
the equation:

Fe(CL’S):/»- 626C1 —> 6ASCLS + Fe*™
lle recommended filterirg the silver chloricde vefore titrat-
ing the excess silver ion.

Rosanoff and Hill (11) proved thzt the silver chlor-
ide interfered in tne determiration causing low results
and they also recowrended filtering off the silver chlor-
ice.

Koltnoff (12), however, reports that &an errsr is in-
trocuced during the filtration due to the carrying down
of gilver rnitrate by the silver chlorice. This error is
not cependent upon the concentration of silver nitrate
presert so one can zlways deduct C.7j chlorice from the
amount found.

rotlumund and 3urgstaller (13) suggested the coverirg

of the silver cnloride with tolvene or benzene. 7his method



worked fairly well when the chlorice concentration was
small but Xolthoff claims there is an error <f 0.6

Vander Burg and Koppejan (14) investigated the in-
fluence of a few c2lloids on the Volhard titration. They
found that in the preserce of soluble starch, gelatin,
agar-agar, gum arabic, and gum tragacanth, the red colora-
tion of the ferric thiocscyanate complex &appears indistinct
an¢ 100 late.

“he latlest modification of the Volhard method was re-
ported oy Cazldwell and koyer (15) who used nitro benzene
vhich forms an insoluvble l=ver over the precipitate &and
thus vrevents the silver chloricde from interfering. The
zutnors ovttained good results by this method when working
on the macro scale.

There are several other methods whicn have been acapt-
ed to the determination of small amounts of silver.

among tnese is the titration of silver nitrate with
a standard potassium iodide solution using palladious ni-
trate for indicator as cdevised by Schneider (16). The sil-
ver nilrate is precipitated by the pofassium iodide &and
the slightest excess of potassium iodide is converted by
palladious nitrate to the brown palladious iodide.

A method devised ¢ty LcLean and Van 3Slyke (17) involves
the titration of the excess silver ion with potassium io-
dide using starcn and sodium nitrite as the indicator. <Tne
first excess iodide ion is oxidized to free iodine by the

sodium nitrite giving a blue color with the starch.



The object of this work was to study the Volhard meth-
od on & micro scale and its application to the determina-
tion of halogens in organic compounds in an effort to speed

up tne Carius metnod.



REAGELTS

a 0.1k solution of silver nitrate was prepared Irom
so0lid, chemically pure silver nitrate which had veen heat-

ed in a pletinum dish between the temperatures of £50°-%00°

for approximately fifteen minutes. Tnis s¢olution was thnen

¢iluted to the strength desired for the following analysis.

an approximately 0.1L ammorium thiocyunate soclution
was prepared from C. P. a:monium thiocyanate anc was then
stardardized against the standard silver nitrate solution.
»ore dilute solutions are prepared as cesired cy diluting

the stardard armonium thioscyan&ate solution.

A C,Cl1N sodium chloride solution vas prepared from
C. F. sodiwa chloride which had bteen finely ground in an
ccate mortar and then carefully heated in @« platinum dish

until all moisture was removed.

A suturated solution of ferric alum indicator was pre-
pared to wvhich was @daed concenirated nitric acid to clari-

fy the solution.



APPARATUS

licro burettes

The micro burettes are of 5 ml capacity. They were
calibrated by determining the amount of water delivered..
They are graduated in .02 ml and can ve estimated to the
nearest .002 ml. All burette readings were taken with a

magnifying glass.

kicro balance
The Kuhlmann micro balance was used in veighing out

a1l micro samples.

Carius conibustion furnace.

The furnace used for the decomposition of all the
organic compounds was an electrically-controlled furnace
nanufsctured by the american lnstrument Company. with
this furnace it is possible to ¢cecompose four samples si-

rmultaneously.

weighing tubes

A long stem weighing tube is used for the solid
samples. It corsists of a soft glass tute of &0 rm.
length and £ mm. diameter to which is fused a glass rod
about 11 em. long. A4 ground glass fitting top is used in
all cases.

¥For weighing out the liquids a glass bulb is made by
drawing out soft glacss tubing into a capillary 2-3 wmm. in

diereter, ané then making this into a thin walled bulb.



Cne end of the tulo is sealed =2nd the other end drawn ot
to a fine capillary. To the sealed end is fused a glass
rod 30 mm. long whieh facilitates the breaking of the bulb

in the eombustion tube.

Combustion Tubes
The combustion tubes zre made of FPyrex glass about

20 cm. long and 10 mm. in diameter.
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EXPERILENTAL

1he purpose 2f the first part of this work was to
study the Volhard method on a micro scale.

Various amounts of standard 0.05l. sodium chloride
vere truansferred by a calibrated piprette to & 10 ml.
beaker. To each sample was zcded a few drops of dilute
nitric acid and a me:sured excess of standard C.05k sil-
ver nitrate. The sanple was coagulated by careful heating
arid then filtered by mears of suction through a Pregl fil-
ter stick into a 50 ml. Erlenmeyer flask. <The precipitat-
ed silver chloride was then washed with small portions of
a 1% solution of rnitric acid. Aporoxiwately one ml. of
the ferric alwn indicator was added to the filtrate. The
excess silver nitrate was then titrated witn the 0.05IL
ammwonium thiocyanate to the first color change. 9he fol-
lowing results were obtairned:

TA3IL I
1. 1.&aCl

¢ ml. AglQy iml. LEH4CLS:mg. FaCl : Lrror
i 0.05000 ¢ .06268N : KOULD s L.

o —

5.845 2.610 ARQ 5.864 +0.019
5.845 2.563 «450 5.842 -0.0C3
5.84% 2.515 .410 5.851 +0.0C8
5.845 2.690 .850 5.846 +0.0C1
5.845 2.690 .582 5.840 -0.CCH
5.845 2.505 .405  5.82%7 -C.CC8
5.845 2.0581 . 140 5.843 -0.c02

5.845 £2.510C «410 5.823 -2.011
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The volume 21t the time of the titration was bhetwesn
12-2C mls.

The results ohtained in 7Tavle I were better than ex-
pected cecause the hurettes used can only be estimated to
the nearest .C02 milliliters and an error of .CC2 nl.
causes an error of .C06 mgnms. in the calculated results.

Because of the difficulty of getting the endpoint
within .C02 ml, solutions 0.0ll: were tried. ‘when a small
amount of wash solution was used, the results were con-
sistently low wnich was probably due to incomplete wash-
ing of the precipitate. ‘when more wash solution was used
it became necessary to evaporate the filtrate. 1Inconsis-
tent results were obtairied by this method.

Because of the filtering step required in the above
procedure, atternpts were made to determine the excess sil-

ver ritrate in the preserce of the silver chloride.

mn

In the following work, determinations were rur in an
attempt to adapt the Czldwell 2and Lover method to the mi-
cro scale.

A sample of the standard sodium chloriae solution was
transferred to a 50 ml. glass stonpered Erlenmeyer flask.
The sample was acidified and a measured excess of 0.CBN
silver nitrate added. Approximately 20 drops of nitro
benzene znd one ml. of ferrie alum indicator was added.

Triis mixture was then shaken for about 60 seconds or until
the silver chloride was coagulated and covered by the nitro-

benzene. The excess gilver nitrate was titrated wiilh the
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.08l ammonium thiocyanate.

TABLE II _ _
mg.halCle ¢ ml.AglUz ¢ ml.lilyllis ¢ mg.laCl @ Error

s__+0BCCO__: ,04850L ¢ FCULD : mx.
2.923 3.5C0C 2.5872 2.924 +0.001
2.923 2.5C0 2.574 2.917 -0.C06
2,338 3.400 2.675 2.338 C.0CO0
2,538 3,290 2.565 2,330 -0.008
2,338 3.400 2.678 2,329 -C.C09
1.754 2.940 2.374 1.746 =0.008
1.784 3.200 2.680 1,783 -C.0C1
1.754 2.900 2.370 1.756 +0.002

ihe results obtaired in Table II indiecste that the
silver chloride has no effect on the endpoint. Upon
thorough shaking the silver chloride is removed from sus-
pension and at the time of the titration, the liquid
above the precinitate is perfectly c¢lear. The nitrotvenzene
also seems to have the property of inhibiting the darken-
ing of the precipitate. The volume at the time of the ti-
tration was between 15-20 ml.

The mair difficulty when vsing 0.05k solutions is
over-runnirg the endpoint. Because o9f the difficulty of
getting the endpoint within .002 ml., more dilute solutions
were tried under the s»me counditions as before, using ni-

troberizene to prevent the silver chloride from reacting.
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TASLE TII o
g elalCl ml.ngLO3 : ml.LL4u§S : mg.;aCl . Brror
:_ .025060 ¢ L.028151: ¢+  ©CULD : s,

2,358 4,C00 2.386 2.338 0,000
2.338 4.C00 2.338 2.333 -0.C08
1.754 34100 1.886 1.757 +(.003
2.923 4,000 1,991 2,920 -0.,003
2,923 3.716 1.706 2,922 -0.001
1.169 2810 2.001 1.165 -0,004
1.169 2,020 1.211 1.175 +0.002

A blank of 004 ml. was deducted from the amount
of ammonium thiocyarnate uzed. ‘The volume at the time
of titration was between 15-20 ml.

Determinations were run on the standard sodium chlor-
ide solution using approximately 0.01N solutions of sil-
ver nitrate and ammonium thiocyanate. 3lank determinae-
tions were run usiﬁg the same volume of solutions and
ags near as possible the same conditions as when running
the chloride determinations. Varying amounts of nitric
acid were added to determine whether or not it had any

influence on the endpoint.
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T.3Lw IV
Cone. HLCz ml.

ml. LH,CLS : Volume at
LO1261 1 . Solution ml.

C.1 .012 20
0.2 .011 20
0.5 .012 20
1.0 .C11 2C
2.0 012 20
Ze0 014 20
4.0 0.1 20
5.0 0.25 20

Satisfaectory blanks cannot be determined when more
than 3 mls. of eoancentrated nitric acid is &dded. The
color of the ferrie thiocyunate comvles disappears in
5-10 seconds which is probably due to oxidation of the
thiocyanate ion by the nitric acid. However, the amount
of nitric acid used in all ceses is consideraoly less
then 3 ml., o2 it does not cause inaccurate results.

TA3Iw V

g liaCl ¢t ml,aghO3 @ 101.1H4CLS @ ww.laCl.: Error
: _0.010C0L: .01216L : FOULD = me.

Y

L.754 4.C00 - 0,797 1.749 -0.0C5
1.754 3.980 0.777 1.753 -0.001
1.754 4,295 1.018 1.757 +0.003
1.754 44540 1.217 1.757 +0.003
1.754 4,500 1.197 1.743 -C.006
1.169 4.000 1.582 1.171 +0.0C02

10169 40000 10587 1-168 "'()o(,'ol
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f'or &1l of the &bove determinations a blank cor-
rection of 0.012 ml. was deducted from the amount of
ammonium thiocyanate used. The volume at the time of
titration was vpetween 15-20 ml.

A number of determinations were run on the stancard
sodium chloride solution, using varying amounts of ni-
trobenzene to see if it had any effect on the titrations.

TasLy VI

mg . heCl :ml.ngLOS: ml.LH,CL.8 :llitroven- :ua;.l.aClinrror
t.01CCONT:  L01218N ¢ zene drops: JFCUND : m3.

1.754 4.500 l1.19¢9 10 1.750 =0.003
1.754 44503 1.202 10 1,749 =C.C04
1.754 44540 1.223 20 1.754 0.000
1.754 4.540C 1.227 20 1.780 <0.004
1.169 4.000 1.530 20 1.173 +0.004
1.169 4.000 1.580 30 1.168 -C.C01

It is evident, as shown by these results, that vary-
ing amounts of nitrobenzene has no influence on the re-
sults. lilowever, it was found that when the volume of
the solﬁtion was greater thnan 35 ml., it was impossible
to completely coagulate the gsilver chloride. when the
solution vwas titrated thc silver chloride would inter-
fere,making it impossible to get the proper endpoint.

“he Volhard metnod was found to be adaptable to the
micro scale, when using solutions 0.025L and 0.0l1l.. The
next step was to determine whether or not it could be vsed

-in connection with the micros Cariuvs method.
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TIh CaRIUS DETERLILATICK

# 4-8 nmgm. sample of the s2lid organic compound was
‘weizhed out in the weighing tuove and transferred to the
comoustion tube containing 18-20 mgms. 2f accurately
weighed silver nitrate. Approximately 0.25 ml. of con-
centruted nitric acid was @dded and the tube immediately
sealed by means of an oxygen flame. ©“he lioguid comnounds
vwere drawn into the previously weighed micro bulbd by care-
fully warming the vul? and dipping the capillary into the
liquid. C(n c¢o299ling, the ligquid will be drawn into the
bulo. “he capillary was sealed and the tube reweished.
It wes then placed in the ecmnustion tuone containineg sil-
ver nitrate and corncentrated nitric acid. The tube was
sealed as before. he weighing bulb was broken by nit-
ting the combustion tube against the hand. The combus-
tion tubes and contents were placed in the combustion
furnace and heated at such a rate that by the end of three
hours the temperature had risen to 250°. 7This temperature
wes maintained for anotner three-nour period. The sam-
ples were then allowed to co9l. The combustion tube was
pulled part way out of tne furnace and the tip heated
with a small flame to drive out the condensed liquid. It
was then heated strongly and tne pressure inside tne tube
caused it to break at tne weakened point.

“he contenis of tne tuve were flushed out with small
portions of hot water into a 50 ml. glass-stoppered Zrlen-

meyer flask. Approximately 10 drops of nitrovenzere and
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one ml. o2f ferric alum indicator were added to the

flask and tne mixiture tnoroughly shaken for 60 seconds.

The excess silver nitrate was tnen titrated with 0.0251.

armonium thiocyanate.
£or halogen compounds containing
no nitrooenzene was

ver orouide and silver iodide 1s less

ver thiocyanate.

Analyses viere run on a number of

eompounds with tne following results:

TA3LS VII

added bpecause tlie

oromine and ioadine,
soluvility of sil-

than that of sil-

orgaric halosen

Sauak Lt ibample: 45L037 L, 1H4cls Theor:Caleulated
M. fomg. 4 o L,02515 2 %« % halide |
Chloro=-oenzoic 5.349 11.675 1.372 22.64 90,63
acid
5.067 17.135 2.714 22469
4,816 10.713 1,281 27 e b0
7.060 17.445 2.2380 0.60
Chloro 4,725 12.416 1.796 20.91 20.86
acetanilide
4.002 ¢.g12 1.3585 20,91
8.411 13.294 1.144 20.85
6.028 10,337 0.995 21.01
5.457 9.941 1.056 20.34
5.755 14.269 1.9901 20.32
3.875 15.436 1.535 34
D. p dichloro- 7.000 23,177 34303 26.55 26.89
4z2xy benzene
4,318 13.246 1.796 26.84
5.513 17.058 24539 26.65
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_PASTE VIIT
Sanr Ll :Sample:ngilz tml.lH 05 TneoriCulculated
: L 22002515 ¢ %+ ;s helide

[y

pchloro anthra- 5.140 12,337 2.031 14.61 14.71

quinone
6,936 16.067 2.612 14.67
5.111 8.235 1.034 14.66
p-3romo 4,674 12.286 1.994 3733 37.60
Acetanilide
4,704 12,096 1.955 2741
6.145 16.094 2.€610 37463
Dipnenyl
7.931 10.977 1.211 34,34
2 Cl-5-lydroxy- 4.195 11,001 1.4C0 24.86 24.95 |
toluene —
8.8352 21.645 2.565H 25.13
5.602 1l1.566 1.115 25.15

m=ciloro phenol 4,577 11.166 1.180 27.53 27.86

4.110 1C.7%4 1.250 27.62

Iodobenzoic 6.320 11.171 1.593 51.17 51.39
Acid

8.6355 9,848 0.913 51. 34

7.338 11.°225 1.437 R1.27

The following determinations were run using the
same procedure &s tefore with the exception that 0.01lL
ammonium thiocyanate was used to titrate the excess sil-

ver nitrate.

14 3LE IX
SALELE Sample:Aglo, :ml.LH4CLS: Theor:Caleulated
mZe 2 1%, 3 L,01261 2 %4 - 4 olhlaride
Chlorso 6.684 10.490 1.770 20,91 20.61
seetanilide o o/n 9613 1.380 20.89

4.266 11.195 3.220 21.01
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The main disadvantuage of the Carius method, as used
in the previous analyses, is the time required for tne
decomposition of the sample. fShe six hours required is
considerably greater than tne time necessary far the other
methods of determining organic halogens, thus decreasing
tie value 9f the Carius method for routine anulysis.

secause of this, attempts were made to speed un the

determination by increasing tnhe temperature and decreus-
ing the time of combustion., On the following trials the
temperature was raised to 300° in 60 minutes and then h
held at that temperature for anotner 60 minutes. The
concitions for the titration are tne same as belore
using +Clll emmonium thiocyanate.

Tasld X

SALYLH :Sgunle:AzliO 3ml IH,CNs:Theor:iCalculated

mg  : omg. : 01261 . % 4 halide
Chloro 4,3C0 10.675 2.955 20.91 21.090
acetanilide
€.417 13.3%4 %.245 20.94
Chloro benzoic 5.166 9,168 1.655 22.64 22,71
acid
pp dichloro= 5.391 S.975 1,430 26.55 26,75

229Xy benzene
5,330 11.602 1.915 26 .60

» cromodivhenvl 3,535 9.399 3.180 34.28 34,435

4,856 13.343 4.570 34.26
browoacetanilide 4.080 10.594 3.430 O7e35 37.88
3.622 13.458 4.920 37.84

2 culoro 5-hydro-5.009 14.092 3.775 24.36 24.95
xy=-tolucne
6.279 11,749 1.975 24.98
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Trnese results sliow that the time required for the
decomposition can te decreased. 1In all the sbove analy-
ses the samples were completely decouposed by & two-hour
combustion period thus considerzbly decreasing the time

required for tne Carius determination,
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SULanARY

A rodified micro Carius nethod for determining

alogens in organic comgounas using the Volhard metnod

to deterniine the excess silver rnitrate was found to

cive £00d results.

The Volhard methiod, using 0.025 arnd .01l solu-

tions, was modified ©y using & small amount of nitro-

benzene wnich makes it possible to carry out the ti-

tration in the presence of the silver cnloride. It

is rn2t necessary to use nitroonenzene when analysing

compounds containing bromine and iodine.

1t was found that the organic halogen cormnounds

viere comuletely decomposed cy & two-nour compbustion
4 y Y y

veriosd as compured to tiie six nours previously re-

guired, thus considerably decreasing the time reguired

for the Curius determin~tion.
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