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0. Almennt

Nokkrar adferdir eru til fyrir ¢greiningu & salfati. Felling

med barium er vidast notud, en hin er seinleg og hentar bvi illa i
ratinu efnagreiningu. A Orkustofnun hafa verid reyndar adrar adferdir
svo sem titrering med blyperklérati og notkun blyelektrdédu og
nana sidast thorin titrun. Fyrri adferdin gafst ekki vel en peirri
sidari er 1yst hér & eftir. Thorin titrun hentar vel vid &kvordun

&4 stlfati 1 vatni ef pad er ekki salt. Gerdur-Hefur verid:samanburdur
& thorin titrun og fellingu framkvemdri hja Rannsdknastofnun Idnadarine
Tekin voru 15-20 syni og bau greind 1 tvitaki, bannig ad sé& sem
efnagreindi vissi ekki hvada tvs nlmer voru sama synid. Nidurstddur

bessarar athugunar fylgir'hér med.,

1. Thorin titrun.

Sulfat 1 1itlu magni mé &kvarda med pvi ad titrera med 0.005M
barium perkldérati og nota thotin sem indikator. Titreringin fer
fram 1 80% alkahdéli og & pH svidi 2,5 til 4.0. Fyrir titrunina
barf ad fjardlegja katjoéna med pvi ad lata synid streyma gegnum
jénskipta sulu. EFf fosfat er til stedar 1 cyninu gerir pad
dkvirdunina onékvema.

1.1 ahold. Pau ahdld sem barf vid bhessa akvordun eru:
1) byrettur fyrir ketjdnaskipte.
2) postulinsskéalar
3) segulhrzrari
4) byretta fyrir titur vékva (10 ml kvdrdud upp & 0,02ml),
1,2 efni.
1) katjénaskiptir (Ionenaustauscher I, Merck Art 4765)
2) o-prépanol, absalut ethyl alkahél eda metandl
geta 511 gengid j&fnum hondum.
3) barium perkldérat, 0.005M. Leysa 2.0 g af
bariu perkldérati trihytrate 1 200 ml af vatni og
800 m1 af 2-propanol eda ethyl alkzhdli. Stilla
pPH & 3.5 med perkldrsyru. Stadla lausnina med

0.005M bremmisteinssyru eda sulfat standard.
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4) "0.0054 brennisteinssyra. UtbGa lausn og stadla
harna med 0.0 N NaOH.

) Thorin indikator, Uthia 0.2 % lausn 1 vatni.

1.3  FPFramkvend. Eftir ad jonskiptaranwn hefur verid. komid Ffyrir

i byrettu (ca 15 ml af jénskiptara) er byrettan fyllt af syni og

pad 14tid renna i gegnQ Aftur er byretten fyllt og synid 14tid
renna 1 gegn. Pegar byrettan er fyllt 1 bridja skipti er synid 1&tied
streyma 1 gegn 1 dropatali, nidur ad 0 ml marki. 10 ml synis

( minna ef magn SO, er hatt) er 14tid streyma i gegn i dropatali.

I 10 ml synis er bgtt 40 ml af propanoli( hlutfallid syni:propanol
1:4) og 1 dropi af thorin indikator. Petta er titrerad med

barium perklérati og notadur segulhrzraeri, har til fyrsta breyting
Gr gul eda gulraudu yfir i bleikt kemur fram. Utreikninger &

sulfati eru pa eftirfarandi:

ml(titrant)- N{(titrant) S6062

ppm SO =
4 ml{synis)

Reiknad hefur verid Gt stadalfravik Fyrir bessa adferd og

reyndist pad vera 5.22%.

2. Felling & sulfati.

Hjé Rannsdknastofnun Idnadarins er sulfat dgreint med fellingu.
S0 stutta 1ysing sem hér Ffylgir er tekin Ur skyrslu RI sem ber
nafnid "Efnarannsdknir & vatni Ellidaénna og adrennslis peirra"
og er eftir Halldér Armannsson (umal 1970). Vid Akviradunine Ffast

jafnframt uppleyst efni og kisill.

2.1 Framkvemd.

250 ml vatnssyni er fyltrerad ég sidan purreimad 1
platinudeiglu vid 105 °c og had sem eftir situr er vegiad. Er
bar med fengin uppleyst efni. Samkvemni melingarinnar er metin +59%
med 95 % vissu. Purrefnin eru leyst 1 HC1l lausn. Botnfallid
sem eftir er er er glatt og veygld. Si02 er sidan reykt burt med
HF og pad sem eftir er er glstt og vegid. Par med Fest akvirdun
a SiO2 . Samkvemni er metin T 27.4 % med 95% vissu. 1 filtratid

er baztt lo % BaCl2 lausn og botnfallid ser nyndast er glatt og vegid.
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Fest pannig tala fyrir sG@lfat dkvardad gravimetricskt.

0.2 Stadalfravik

(808
[eagt
e
—

Send voru um 20 syni 1 tvitaki til sulfat &kvirdunar
A Ut fré peim greiningum hefur verid hegt ad reikna stadalfrévik

og reyndist bad vera 5.17%.

Z

3. Samanburdur & thorin titrun & Orkustofnun og gravimetriskri

akvdrdun & Rannsdknastofnun Idnadarins.

I 20 synum var sulfat greint 1 tvitaki bxdi hjé RI og OS.
Reynt var ad léata synin spennayfir hann styrkleika sem um er ad
reda 1 vatni svo og sem flestar vatnsgerdir. Nidurstddur eru
syndar 1 medfylgjandi toflu (tafla 1). 1 heildina eru greiningar
RI l®gri en greiningar 0S5, Reiknad hefur verid Ot stadalfravik og
6vissa hverrar mzlingar. Mismunur a greiningum RI (gravimetriskt)
og 0S (thotin titrum) er innan skekkjumarka greiningaadferdanna.
Pratt fyrir bad er um kerfisbundinn mun ad rxda, eins og sést &
medfylgjandi mynd. Pennan mun wéd skyra & tvennan hétt.
Gravimetriskar fellingar hafa frekar tilhneigingu til ad syna of 1lag
gildi ef fyllsta hreinletis er gett. A hinn bdginn hafa nidurstdour
titreringar tilhneigingu til ad syna frekar of hétt magn. Fessi
samanburdur mé& bvi teljast vel vidunandi, en ef til vill vari rétt
ad athuga hvort ekki metti nota bynnri lausn af BaCl4 en na er
notud og minnka par med &hrif sidasta dropa titurvikva.

T 1jés kom vid pessa athugun ad greiningu SO, 1 s6ltu vatni

4
er ekki hegt ad framkvema med thorin titrun. Tafla 2 synir
nidurstddur saltra syna. Hvert tvitak var titrerad 2-8 sinnum,

eda par til tvd vidunandi gildi fengust. 1 hluta I eru valin tvo

til brja pau gildi sem best pasca saman, en 1 hluta II er tekid medal-
tal allra Malinga af sama tvitaki. Samkvamni Sessara mxlinga er slam
og greiniley truflun kemur fram(allt of héer nidurstddur) midad

vid ¢ildi fengin & RI, en beim ber saman vid eldri mrlingar gerdar

4 0S5 & synun frad somu svedun. Pad er pvi 1jdést ad thorin titrun

hentar ekki Ffyrir salt vatn.
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Rapid Microtitration of Sulfate

JAMES S. FRITZ and STANLEY S. YAMAMURA

* Small concentrations of sulfute can be determined by o
direct titration with 0.003M bariunm perchlorate using
Thorin [2(2-hydroxy « 3,6 ~disulfo«1-naphthyluzo) hen-
zenearsonic acid] as the indicator. The titration is
carried out in 80% alcohol, in the apparent pll range
2.5 w 4.0. The end paint is sharp and equilibrium is
rapidly attained, so that the titration can be rapidly
carried out. The method is more versatile when cations
are removed by passage of the sample through an ion
exchange column prior to the titration. P’hosphate
makes the method inaccurate, but can be removed by a
rapid precipitation with magnesium carbonate. -l-h'.
method has heen applied e determination of syl-
ate 1n raw water, treated city water
are accurate
concentrations can be determined with an error of
1% or less. In the abseunce of phosphate the time re-
quired for a complete single determination is only 3 ta
5 minutes.

and boiler water,

N -
] VO REALLY satisfactory method is available for the deter-
J, mination of small amounts of sulfate. Gravimetric
 meihods are time-consuming and unsuited for the determinu-
Filion of very low concentrations of sulfate. Turbidimetric pro-
-tedures are rapid, but are often unreliable and difficult to repro-
b-duce. The direct titration of sulfate with barium using tetra-
hydroxyquinone (THQ) or rhodizonic acid indicator has been
 widely used by some but rejected by others, largely because of
Ethe poor end point (7, 3, 5).
E A rupid titrimetric method for mucro amounts of sulfute has

p. 1439, Oxford Univ. Press, London, 1930.
(20) Sieburg, I5., Biochem. Z., 74, 371 (1916).
(21) Stuewe, W., Arch, Pharm., 252, 430 (1914).

Rrceivep for review February 11, 1955, Acceptod May 10, 1455,

Institute forcAtomic Research and Department of Chemistry, lowa State College, Ames, lowa

This method ean only be applied for the determinadion of wacro
quantities of sulfale, however, beeause a certain minimum of
precipitate is required to provide cnough surface for the end
point reaction,

The present method is applicable to very low concentrations of
sulfute,  The determination is carried out by first removing
calions by means of a small ion exchange column in the hydrogen
forai.  Aleohol is added to bring the alcohol concentration to
809, by volume and the resulting solution is titrated with
0.0053  barium  perchlorate using Thorin [2(2-hydroxy-3,6-
disulfo-1-naphthylazo)benzenearsonie  acid] as the indicator.
The end point is marked by a sharp change from yellow to pink.

CONDITIONS FOR TITRATION

The titration i3 suceessful only if a high concentration of
Using the lower aleohols
the concentration of nonagueous solvent should be between 70
and 90% by volume. Ethyl alcokol, 2-propanol, or melhu,n_ol
Sererreeruily well.  Barium sulfute precipitated fron solutions
containing a high concentration of aleohol appeuwrs to be ge-
latinous and not at all like the Euniliar fine crystalline precipitate
which is obtained from wgueous solution.  Titration of very
low coneentrations of sulfute is rapid in alcohol-water, indicating
that the induction period observed in water for precipitation
of small concentrations of sulfute is not encountered here.

The titration can be successfully carried out anywhere in
the “apparent” pH range 2.5 to 4.0. Passage of the sumple
through the cation exchange column automatically brings the
apparent pH within_this range after the addition of the alcohol
unless the g ncentration is too high. The muxi-
mum forgfn salt concentrWen permissible is approximately
i tn thnes the molar cofdyenirntion of sulfute, - The pli
controlled By wljusting the quaitity of sanple tuken so that
ot grenh existatiygh Voo Jeymsr tha

some npoingueous <olyvent 1s yresopt

Lhies bosdisd b coaneenbondann wil) o,
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pH excemmively after posage through the bydrogen form ion
exchange colunn,

The titrnut wsed in bariwn perehifornte in 809 wleohol. The
pereblorate ion introduced with the barivm enuses less copreeipi-
tution crror than ehloride; wlso barinm perehlarate is muceh more
soluble in wleohol than is barium ehloride,  Prepuring the titrant
in aleohol-water solution keeps the sleohol concentration con-
stant throughout the titration,

The optimum eoncentrution of the titrant and of nulfate de-
pends on the size of the increments of titknnt added near the end
point snd on the Lolal volume of sulfute solution tuken for titra-
tion.  Adding approximately 0.01-ml, increments of barium
perchlorate near the end point and taking 10 ml. of sulfate solu-
tion (plus 40 ml. of aleohol) for titration, it is best to use 0.003f
barium perchlorate. Using these conditions, the range of sulfate
titrated is 0.05 to 5.0 mg. or approximately 5 to 500 p.p.m.
(before addition of uleohol),

The rate of titration is not critical. Iquilibrium is rapidly
attained, so that the titration can be quickly carried out. It iy
best to allow 2 or 3 seconds between addition of the last few in-
crements of titrant before the cnd point, Lflicient magnetie
stirring improves the speed and convenience of the titration,

EFFECT OF FOREIGN 10NS

The effect of foreign cations was studied by titrating sultate in
the presence of various ions added as the perchlorate or chloride.
The results given in Table I show that several metal ions cause
errors of 2 to 39, due to coprecipitation. Numerous other metal
ions completely interfere with the titration by forming a colored
complex with the Thorin indieator.  Many metal ions which do

o[

PHOSPHATE
<olppm

7.0 P

J FLUQRIDE
V- H '

({yd&(m\ R4

60~

50

NITRATE

PER CENT ERROR

40 -

30 M

CHLORIDE

lo - tooe

(2

c U IS T R S
o] i 2 3 4 5 6
[ANION]
[SOfl

Figure 1.
different concentrations of common anions

Results of titration of sulfate in presence of

' ANALYTICAL CHEMISTAY

Table 1.

T p—

Effect of Cations

It HBa*~* Differ-
Nalt Added, Thenry, Actual, cnce,
(- 2[8506" 7)) Mi. M. %
NuC10y 4.R3 4 Hy -29
K¢l 6.76 642 —t b
NHCI10O, 676 G .62 -20
Zn(C104)y 4 K3 4.74 -1y
Mg(ClO4)a 2.5 2.90 -1.7
Fuble 1k Sulfate Titration after lon Exchange Removal
of Cations
Bat* Bar* Dider-
Throry, Actual, ence
Added ML ML, )
NuClOs 2.42 +00
KCl 2.64 +0.1
LiCl0 2.42 *20.0
NILCl0¢ : 2.635 -0.1
Cu(Cl0gs 24637 2.64 +0.1
Ca(ClOQq)s 2.637 2.64 +0 1
Zu(Cl04)s 2.637 2.633 -0.1
LaCh + HCI 2.637 2.685 +1.8
AL(C100s 2.037 2.633 -0.1

not form eolored complexes with Thorin in aqueous solution do w
in solutions containing a high percentage of alcohol. :

The preliminary removal of cations by means of an ion ex
change column is recommended in abmost every ease. This ope
eration can be quickly accomplished and permits excellent results
in the sulfate titration. Table I gives data for the titration of .
small amounts of sulfate following the ion exchange removal of
various cations. Virtually «ll cations ean be successfully re -
moved by this process; only metals such as chromium (4 and
zirconium, which form anion complexes with sulfate, cause difi-
culty.,

Sulfate was titrated in the presence of conunon anions added
us the appropriate acid.  The error cansed by ditferent concen
trations is plotied in Pigure 1. Of the anions commonly wem
ciated with sulfate, the error due to phosphate is by far the nost
serious. It wus found, however, that phosphute cun be removed
by precipitation with magnesium carbonste. Apparently the
excess magnesiim carbonate Serves i 4 carrier to ensure cow -
plete precipitation of the phosphate, Table T2 gives results fo
titration of sulfate following the removal of phosphate by this
method,  Phosphate removal is essentiully complete if the pre

cipitate is filtered cold, but a small amount of phosphate appue

ently remains if the filtration is earried out at room temperature,

Table Il1. Titration of Sulfate Following Removal
of Phosphate
Bar-* Bav* Diffes-
Method of PO~ Theury, Actual, ence,
Removal ML ML %
My Os cooled 1o 10° C. 0.7 0.74 + 0.0
074 071 =00
0.74 0.74y r 6.4
Mg Os eooled tu 25° C. 0.7t 0.75¢ + 3.3
071 0747 +1.0
Phosphate not removed 0.74 0.85 +15.0

Sulfate iuterferes scriously. Attempta to remove the sulfiy
by acidifying and boiling were unsuccessful. Interference cu
be avoided, however, by titrstizg the sulfite to sulfate with y

standard fodine solution, and determining the total suiiste by
The original sulfate can then be e .

the general procedure.
culated by subtracting the smount of sulfate equivalent to the
amount of iodine used.

APPLICATION TO WATER ANALYSIS

The titrimetric microprocedure has been adapted to the de

termination of sulfate in raw water, treated city water, and -
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io boiler water. As in the genernl method, eations are first
removed by passage of the sample through an ion exchange col-
win. In the conventional ion exchange method, the sample is
diluted ob rinsing through the column. To avoid this & continu-
ous fluw techuique has been adopted.  The apparatus employed
shown in Figure 2. The use of a rather coarse resing and of i
wuler sample large enough to give a bead of pressure, permits
s very rupid rate of flow through the colimnn,  After the fist
Wto 50 ml. of eflucut ure disesrded, o portion of the next efliuent
(which has the same sulfute concentration of the original sumple)
is tuken for the sulfate titration.  Using this method, a complete
sngle determination of sulfate in water requires only 3 to §
minutes.

~—— 4" SHORTSTEM
FUNNEL

" TWATER SAMPLE

DOWEX 3028
20-50 MESH
RESIN

50-ml. ERLENMEYER
FLASK

y 1

Figure 2. Apparatus used for
determination of sulfate in water

Tubles [V and V compare the results obtained in the analysix
ol severul water samples by gravimetric and titrimetric methods,
Iu the gravimetric method a 500-ml. sample was first passed
through an ion exchange column, then concentrated by evap-
oration to about 250 ml. before precipitation, The samples of
boiler water had been titrated with sodium phosphate and con-
tained a slight excess over that required to treat the hardness.

APPARATUS

L ]
The apparatus used in the general procedure for sullate is

. shown in Figure 3 and that for the determination of sulfate in

water is described in Figure 2. The capacity of the small colunu

. b spproximately 30 meq. The columus should be regenerated

wheu ubout two thirds of the capacity has been exhunsted, us
fadicuted by the progress of the lighter colored upper bund,

Table IV. Determination of Sulfate in Water
5O K0, Differ-
hatnpla Gravietric, ‘Iitriinettic, vhite,
Brazen P.RM. PoP ML PPN
ISC water 1188 120.2 1.4
IsC water 109.2 109 .4 0.2
Diluted 18C 43.8 41.1 0.3
. Diluted ISC 10.9 11.2 0.3
Hoiler water 018 1206 8
Boiler waler 1203 1210 . 7
1203 12404 KY

¢ Phosphate not removed.

¥ Wem——— ey e . - - e [N,
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Regenerntion is carried out by pussing about 100 ml. of 2 to v
hydrochlorie acid through the column,  After thorough washing
with distilled water, the column is ready for use.

REAGENTS AND SOLUTIONS

Aleohiol,  Absolute ethyl nleohal, 2 propunol, methannl, ar
wmised ofhvl aleohol and mcthinol nu parehawed compnereiniy
Q0008 Dhissolve 2.0 gemnm ol b

Bt perelilorate
|»('1Fmﬁl'~uT(Ja'ﬂm‘¥" WA T 2T il of water and sadd 800wl ol 7

Table V. Titration of Diluted Sumples of Ruw Water

80,72 Differ-
Gruvimetric, ence
' p

5043, \
P.P.M.

Batt,
P.P.M. M.

Dilution M.

Noue 2,46
2.47
2.47 115.8 114.8 t0.9
Av, 2.47 R
10:100 0.25 .
0.25 1.7 11.5 +0.2
Av. 0.25
20:100 0. 19

.50 .
0.50 23.4 23.0 +U.4

.50
.00
.00 46.9 46.0 +0 4
00
.73
.72
.73 81.1 80.4 +0.7

.73

Av.
40:100

70:100

-
-
et i O

1%¢ 10

ISmm. D --

-
INC—

DOWEX 50x8 ¥
100200 MESH
RESIN .
1100.m,
“TBEAKER
{ 1 C e SAMPLE ’
O

Figure 3. Apparatus used in the
general procedure for sulfate

2-propanol or cthyl aleohol.  Adjust the apparent pH to sbout
3.5 with perehlorie acid.  Standardize against 0.0053M sulfurie
acid aecording to the general procedure.

Sulfurie neid, 0,005, Prepare a 0.003.M solution and stand-
ardizé Ty Ulrntion with .02 sodinm hydroxide.

Thorin,  Prepure a 0.29, solution in water. T'he Thorin used
will TTChased [rom the Haeh Chemiesl Co., Ames, Towa.

Sureh, To 1 gram of starch add sutlicient water to make o
pusie. T this add 100 ml, of boiling 5007, glveciol.

todine, .01, Dinsnlve 127 grans of veervatadhzed iodine

S HO s of potassiom iodide e 100 ml, of water, Dilinte o

500 14l. .
PROCEDURES

General Procedure, Take u sample for analvsis which i= 1)
ml. or Jess in volume and which contuin: 012 1) 120 g, of =6l-
fute,  Puss the sunple through the suadl jon exchonge cojumu
(Figure 3) and wash through with 12 1o 15 1l of wush water

wilded in three or four portions (the liquid level should be allow ed

.

g

e
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to reeedo to tho top of thae resin hefore ench portion of wash water
is wdded),  Neceive the elluont from the eolumn in w 26-wl,
volumetrie flnsk nod dilute exaetly to volume.  Pipet o 10-aal.
wliquot of the offluent into w 100-ml, beaker, wnd add 40l of
sleohol and 1 drop of Thorin indieator.  Titrate with 0.0060
barium perchlorate, taking the fis anept change [rom
vellow or vellow-orange Lo pink )

e ant rapidly, but ullow 2
of the last few nerements.

The total salt content of the sample (including sulfute nnd
foreign salts) should not exceed about 0.6 meq.; otherwise the
pH of the solution after passage through tho ion exchange column
will be too low. If the sult concentration is not known, determine
the pH of & small portion of the 25-ml. ellfuent; a pll lower than
1.5 indieates that additional dilution is required. Discard this
portion of the cfiluent, as it will be contaminated with potassium
chloride from the calomel electrode,

Procedure for Sulfate in Water. Iill the reservoir of the larger
jon exchange column (Iligure 2) with the water saniple and pass
through the column at a rapid rate.  Discard the first -10- or 50-
ml. portion of the effluent. Pipet 10 ml. of the next portion into
a small beaker or flask, add 40 ml. of alcohol and 1 drop of Thorin
indicator, and titrate with 0.0033f barium perchlorute as de-
scribed in the general procedure. .

Determination of Carboxylic Acid Anhydrides by

Reaction with Morpholine

JAMES B. JOHNSON and G. L, FUNK

Chemical and Physical Methods Laboratory, Carbide and Carbon Chemicals Co., South Charleston, W. Va.

A titrimetric method employing an indicator was
songht for the sircet determinmtion of carboxylic acid
anhydrides in the presence of and to the exclusion of the
corresponding acids. A sutisfactory method was de-
veloped based on the reaction of the anhydride with
morpholine and titration of the excess reagent with
methanolie hydrochloric acid. Data are presented on
the determination of the purily of eight anhydrides
and the determination of low concentrations of acetic
anliydride in glacial acetic acid. The procedure is
rapid, generally appiicable to a variety of acid anhy-
drides, and accurate and precise over a wide range of
coneentrations, '

WNANTIUD saathads far tha datarmination of earboxvlie acid

ANALYTICAL CHEMISTRY

In the presence of sullite and phosphate (se in boiler water),
pipet 25 il of the water into s 100-ml, beaher,  Titrate the sl
fite with 0.01M iodine solution using | ml. of starch solution as
the indientor,  Add 10 drops of (.13 perchloric uciil and 03
gram of magnesium carbonate.  Boil gently for 5 munutes, cool
to 10° C., and filter (using Schleicher & Schuell No. 584 filter paper -,
or equivalent) directly into the small jon exchunge columa !
(Figure 3). Titratea 10-ml. aliquot with 0.005Mf barium perchlo-
rate according to the general procedure. This gives the total
sulfate. The original sulfate is the total sulfste less the amount
of sulfite determined iodometrically.
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Round Tuble Discussions on Titrations in Nonaqueous Solutions <
(7), and luter ita application to the determination of chrysag- 7
themum acid anhydride in commereial allethrin was reported (3). kS

Morpholine reacts with carboxylie acid anhydrides to produse
equimolar quantities of umide and neid.  In amethanolic medium
using mixed methy! yellow--methylene blue indicator, all the com- * -
ponents of the reaction are neutral except morpholine. If a
measured excess of morpholine reacts with a sample containing so-
hydride, the anhydride reacts preferentially with morpholine, and
the excess can be titrated with standard methanolic hydrochlori;
acid. The morpholine consumed, represented by the difference
in titration between a blank and sample, i8 4 measure of anby-
dride,

b SRR s i, < wes

LR . L L TN L RN BN S PO




