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was oollected in a liter fla sk and made up to vo lume . Ac cording 

to our idea of the reaotion, thi s fil tra t e cont ained any unchanged 

sodium salt , the halogens , chl orin e and iodine , pr esent aa such, 

or combined with sodium as the chloride or iodide . Several titra-

tions for free iodine were made on 60 c . c . portions of the fil -

trate, and 76 . 281 of the original iodine acc ounted for as free , 

23 . 721 remaining to be traoed . 

The unchanged sodium salt was then deter mined . To 260 c . c . 

II of the fil tra·te dilute AgN03 was added until the solution was just 

slightly acid . Thia was done to convert the 4os ium salt in solu

tion to the trichlorphenol . A flocculent precipitate of ph Nol 

indicating a fair amount of sodium salt trichlorphenol settled out . 

This s filtered on a Gooch crucible , ashed carefully with dis -

tilled water, dried and wei . ed •• he filtrate and the washings 

ere saved, and an analysis for chloride made on it . From this 

eight, 1606 grams or . 6024 gram in the entire sample, the equiva

lent so4ium salt was calculated . The amount eq ivalent to the 

. 6024 gr a of phenol s . 669 gra This amount added to the 

amount eq ivalent to the amorphous product for.ned gave the el t 

of sodium salt accounted for as • 2 grams , 77 . 64 of the or inal 

s m le . The remaining 22 . 6 was et to be traced • • o other pro

duct of the sodium salt of any annreciable yield could be ound 

and it as decided that one of the known rod cts must have been 

made soluble in the ter th n ntici ted . ither the morphous 
oxide a somewhat soluble of the parts of the trichlorphenol rep-

resenting the unconverted sodium salt might be in solution. On this 
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a non free st~te, 23.721 equivalent. It was concluded here that 

all of the iodine not used in the deoom oaition o~ the sodium s lt 

had been converted into the acid, hydriodio or iodic. This a -

peared all the more evident after the determination of the ohlorine 

existing as sodium chloride was completed. 

Determination of Ionized Chlorine 

or the ionized chlorine determination, the filtrate and ash

ings, remaining after the precipitation of trichlor henol from the 

250 o.c. taken for the runchanged sodium salt" deter ination, w s 

used . Though already slightly aoid with H 0 , eno h as added at 

the oint to produce an acid solution. Silver nitrate as then 

added in excess, hereupon a heavy hite preci itate settled o t. 

This a transferred to a Gooch, ashed free from old d nitrate 

dried and weighed. mhe eight of silver ohloride .4 ~ r ms, 

represented .11 grams ionized chlorine in the 250 o.c. a mnle 
• 

• 4416 gra in the total samnle. rom the s ori in 1 sodium 

trichlor henol assu~in one-third of the chlorine to b ioniz d 
' 

' 

the eight of ionizable chlorine as oalcul ted s .7 7 r h 

chlorine recovered then was 62.9 of t at 1lable from the hol 

sam le introd oed. o ever, t e or ho s com ound el h d cor-

res onded only to 6 .2 of the e 1 intro oed, onl t is 

fraction could really ive ionized chlorine. ere ore, he recover 

of otu lly available chlorine a 97 . .his is e r ble 

greement with the th ory nd aho that t e vie ta n of reao-
tion is corr ot. ~aoh oleoule of sodium trichlor benol t ch 
gives amorphous oxide, does actually give p an atom of chlorine 
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also . 

Summary of the Analysis 

Reaction mixture resulting when 4 . 501 grams triohlor nhenol as 

added to . 912 N/2 sodium hydroxide , amounts oaloulated to form 6 

grams of the anhydrous sodium salt , and added to this mixture 2 . 799 

grams iodine previously diss olved in potassium iodide, the hole 

made up to 380 o . c . and allo ed to stand in the dar k for 10 days, 

filtered 

preoioitate 
amorphou oxide 
weight, 2 . 3586 

grams 
64 . 2, 
sodium salt 

filtrate 
iodine 
sodium triohlorphenolate 
sodium chloride 
hydriodio and iodio aids 

made uo to 1000 o . c . 

50 o . c . portions titr ted for free iodine 
eight of iodine for entire 1000 c . c . • 
2 . l~t> gra 

76 . 28 amount used 

250 o . o. filtr te acidified with dil te 03 
filtered 

preoipit te 
triohlorphenolat 

sh d dried 
and w ighed 
weight = . 6 24 

filtrate 
sodium ohlori 
dd dilute H O nd 

nitrate. iltered 
ilv r 

. 669 gra 
sodi m salt 

Preoipit te , ailv 
1 ht .4 6 

. 797 

ohlor1d 

I -'1-% 6 S ohl rin s 
'11. 0 

bl 
l . 
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i od ine added ( .4621 grams) , leaving onl 16 . 11 of the added iodine 

still unaccounted for . 

Determination of Amorphous OXide 

200 c . o . of the filtrate was evaporated over a water bath , 

leaving a brown varnish- like residue , exactly like the residue o -

tained from evaporation of solutions of the pol dibromphenylene 

oxide. Thia as taken up ith chloroform, whiah on adding produced 

a red coloration unlike iodine color in chloroform. The color soon 

disappeared leaving the solution a light brown . The oxide as ex

tracted from this with alcohol . It as colorless and a neared 

identical with that formed in the acetone and ater decompositions . 

The amorohous oxide as filter~d on a Buechner funnel , aahe ith 

alcohol and sucKed dry . ~ne lconolic fil r te and shin a ere 

saved for the phenol determination. he oxide e then tr nsf rred 

o a ei hed atch glass and heated at a emperature of 80° to con

tant eight . The mount of oxide, recovered from the 2 O o . c . 

ample weigned • 336 rams . The oxide in the entire s ple a then 

. 34 gr ms, reoreaenting a 91 . 6% transform tion of the sodium salt . 

he alcoholic filtrate and shings from the oxide determination 

ere evapor ted on a ater bath . A sl1 htl colored resid e re

mained. This residue was extracted with ter and on the ter 

soluble ortion affir tive ualitative tests ere obt ned for 

hloride and iodide. The ter insoluble ortion apoe red to con

sist mainly of trichlorphenol . 



Summ ry of the An lyais 

rom 2/5 ram tom e uiv lent in benzene . 

Benzene Solution, Filter 

residue 
contai 

a trichlorphenolate 
Na ohloride 
la iodide 
wash 1th benzene 
dry and take up 

th H20 make up 
to 25 c . c . 

To 100 c . c . add d. HN 3 
until slightly acid 

filter 

precipitate 
trichlorphenol 
ei~ht 

.00079 
.ooo g . 

sodium trichlor 
henolate 

iltrate 
~a chloride 
a iodide 

add 3 
and Ag 0 
filter 

preci it te 
• AgCl 

gr 
eight -

. 1 1 r 

Solution 
iodine 
amornhoue oxide 
triohlorphenol 

50 c . c . portions titrated for free 
iodin 
Found . or e t re ea 1 
. 3 76 gr . 3 . a iodine added 

200 o . o . eva orated to dryness. 
ken un th chloro orm and ex

tr oted ith alcohol . iltered 

filtrate , evanor ted 
sli ht residue con 
tained trichlor
phenol 
so i chloride 
sodium iodide 

traote th 
ter 

. eeid e 
trichlor
h nol 

Solution 
sodi m 
ohlo ide 

0 l 
iodide 

Re idue : 
a orpho a 
oxide 

o d for 
entire sample 
1 . '° -' rams 

to 91 . 
so salt . 
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Deoom osition in Benzene using a Gram Atom 

Equivalent of Iodine . 

1 . 9941 grams of sodium salt re allo ed to react ith 1 . 1571 

grams odine der the oonditiona of the 2/6 gr atom deoo osi -

tion, heating in 100 c . o . benzene until the action eared oom-

nlete. The same procedure of analysis w s undert en in this case , 

and pr otioally the same results were attained the onl difference 

being in the relative weights of the recovered roducta . o deter-

mination as de for ionized chlorine or iodine . 
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The Analysis of Reaotion ixture from 

Amounts of Iodine 

uivalent 

Benzene Solution, Filter 

resid e 
sodium trichlorphenolate 
sodium ohloride 
sodium iodide 
washed with benzene, dry 
and taKen up with water • 
. _ade up to volume in 
260 o.o. flask 

100 c.o. made sli htly acid 
with dilute H 03 

ilter 

"Oree ipi ta te 
ichlor"Ohenol 

eight for 
e tire sample 
: .116 g . 
• 13 grams so
ium salt 

.64 ; 

filtrate con
tain 
sodium chloride 
sodium iodide 
Added HN03 nd 
Ag 03 

iltered 

reoipitate 
silver chloride 
silver iodide 
no eights 
t en 

Solution 
iodine 
amorphous oxide 
triohlorphenol 

Titrated 50 c.c. 
free iodine 
Found for entire 
1. 5 grams, 90.7 
amount of iodine 

portions for 

sample 
Of the 

added. 

200 o.o. evaporated to dryness. 
Ta en un 1th chloroform and 
extracted ith lcohol. 

il tered 

precipitate 
amorphous 
oxide 

11 tr te 

eight for 
entire 
a nle 
l.2975 gr m 

• I Of 
sodium a lt 
ta en. 

ev porated 
found 
aodi m ch lo ride 
so 1 iodide 
trich lor he no 1 
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A third determination in benzene s made, this ti e s1 8 

larger sample of sodium salt 1th a 2/ gram atom equivalent o! 

iodine. Thi was for the urpose of obt ni complete nalys1 

of all the products. The solution of 65 r s of the s l t w1 th 

.66 2 grams of iodine in 150 o.c. benzene s made in a flas 

ground to fit the reflux. In this wa.y the use of a connecting cor 

s done a y th, in th t y reventing any los of h lo en in-
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a U-tube containing glass beads moistened ith silver nitr te sol1-
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or t ee h ur 
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longer a eared e resid e. n 1 sis of t re otion ix e 

as de follo in the ener 1 ooe r 

the other deco positions de n benzen . 
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not indicate a complete transformation of the sodium s lt, because 

the solubility of the phenol in water, as already determined, would 

prevent the detection of even appreciable quantities of sodium salt, 

a saturated solution containing the equivalent of .03 parts sodium 

salt to 25 parts water. The solution ae then made distinctly acid 

with dilute nitric acid and silver nitrate added in excess. A vol

uminous precipitate consisting of silver chloride and silver iodide 

settled out. The silver ealte ere transferred to a Gooch crucible 

and washed free from silver nitrate and aoid. o o/o onium 

hydroxide was run through the Goooh until all of the silver chloride 

had been dissolved out, leaving the silver iodide ae a residue. 

The eight of silver iodide obtained as .1708 grams. The iodine 

equivalent to this ae .0921 grams whioh represented 10.61 o/o of 

the amount of iodine added recovered as iodide. The silver chloride 

as recovered from the ammonia solution by aoidi! ing 1th nitric 

The mi ure as allo ed to stand several hours before filt 

order that a comp ete and coagulated precipitate of eilv r 

chloride be obtained. The silver salt as then f i ltered on a ooch 

nd after ashing and drying, as ighed. he 1 ht of the chlo

ide was 1.1026 grams, the chlorine content of hich a oalou at d 

~o be .2728 grams. This as 67.18 o/o of av ilable 1on1 ble 

chlorine, .5435 gr s. 

An analysis of the benzene soluble products as then und rt en. 

Determination of r e Iodine 

The same method of titration was used here as in the ot r ti

trat1ons made in a benzene solution. 



Three portions of the benzene filtrate made to 500 o.c., re

ferred to in the above section, were titrated ith sodium thiosul

phate for iodine, and the average of the ratios taken. 

Benzene filtrate Thiosulphate Ratio 

Titration l 49.23 c.c. 6.89 8.368 

Titration 2 46.68 6.63 8.262 

Titration 3 41.44 5.02 8.264 

Average ratio 8.291 

1 c.c. Ba2S203 = .01203 grams iodine. 

The iodine determined for the total filtrate was .7260 grams. 

This was 83.6 o/o of the sample added, .8682 grams. 

Determination of Amorphous Oxide 

~60 c.c. of the benzene filtrate was evaporated to dryness on 

a water bath. A brown varnish-like residue identical in appearance 

with those obtained in the previous benzene decompositions re ined 

Thia was taken up 1th chloroform and as before, a deep red oolora-

tion was observed hich gradually disappeared leaving a light brown 

~ solution. The oxide as extracted by the addition of alcohol in 

great excess, and transferred to a Gooch, ashed with alcohol and 

sucked dry. The alcoholic filtrate and washings were heated on 

the electric plate to drive off any re aining chlorofor hioh 

ould tend to hold oxide in solution. This was found to be the oae 

because after gentle heating for one-half hour a second alight pre

cipitation of oxide as observed. This was added to the first and 

the hole again ashed thoroughly ith alcohol and dried, first by 

suction and later, after removing the oxide to a eighed atch 
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glaee , by heating at 80• in the oven . The eight of the oxid 

1 . 1334 grams for 260 o. o. , or 2 . 2668 grams for the hole a ple. 

This ae equivalent to 3 . 088 grams of sodium salt nd repre ented 

a 92 . 2 o/o recovery of the sample taken . 

An analysis of the oxide for halogen after the method of 

Carius as made . 

Substance . 1664; A.gel , . 3007 

Calculated for (CaH2 ClaO) 44 . 07 n 
ound 4 . 97 

Analysis of .Alcohol iltrate 

The filtrate and washings f r om the oxide det r in tion er 

evaporated to dryness on a ater bath. A sli t residue brownish 

in color , re ined and appeared to consist ainl of i or nio 

salts and a brown tar . In preli inary experi en a in he rl 

part of this ork , br o tar similar to this w Si l d 

in appreciable amounts when iodine in e ter q iti 

atom equivalent was used. This r prod o 

The residue as extr c ed se eral ti es 1 r 

soluble portion as added ni ric aoi and 

heavy hite preoinita.te of B er ea t a 0 

of chloride and iodide . Thi a allo e 0 00 1 l 

out and after several hour a e tr d 0 h. 

i th 2 o /o onium hydroxide until th h 0 d a b e oe 

of silver chloride hen aoidi in 1th 1 rio 0 d r pr cipi-

ta ting 1th nitric aoid , it as possibl to ep r e chloride 

from the iodide . he eight of silver iodide 88 0 6 8 or 



-41-

.0872 grams for the entire sample. The weight of iodine oorree

ponding to this was .0471 grams. That is, 5.43 o/o of the iodin 

added was reoovered as iodide from the benzene filtr te. The sil

ver chloride found was .3007 grams, the chlorine content of which 

was .0744 grams. The percent of chlorine recovered from the ben

zene as ohloride was 27.6 o/o of that available as ionized chlo

rine. It was not expected to find this inorganio salt present in 

benzene solution. Either sodium chloride and iodide ere soluble 

in benzene to that extent or a small amount of ater was present. 

Our conclusion here was that if water as present, it as there 

thru the sodium salt as great care had been taken to have the ap-

paratus thoroughly dry for this ork. determination for ater 

I as made on the sodium salt by heating a eighed a ple for t o 

hours at 150•. The salt as found to contain a very a 11 amoun 

of water, 77 centigrams of the salt containing 2 milligr e of 

ater. From the 3.3366 gr of salt introduced 9 illigrams of 

ater ould be freed. In vie of the eat solubility of the 

sodium chloride and iodide in ater, this 

oient solvent. 

ount as judged euffi-



Summary of Analyeie 

Reaction mixture resulting when sodium salt was heated ith 2/5 I 
gram atom equivalent of iodine in b~nzene. Filtered. 

esidue I Filtrate 
sodium trichlorphenolate amorphous oxide 
sodium chloride iodine 
sodium iodide alcohol residue 
Taken up with water acidified made up to 500 c.c. 
with nitric acid 

No precipitation of phenol 

light amount of nitric acid 
added 
ilver nitrate in excess addc 

Filtered 

reoipitate 
silver chloride 
silver iodide 
washed with 2 o/o 
ammonium hydroxide 

Filtrate 
thrown 
away 

esidue 
silver iodide 
eight .17089 
.0921 g. 

iodine 
10.61 o/o 
iodine added 

Solution 
silver 
chloride 
acidified 
with 
dilute 
nitric 
acid 
filtered 

precipitate 
silver 
chloride 

weight 
1.10269 
.2728 grams 
chlorine 
67.18 o/o of 
chlorine 
available i n 
sample 

Portions titrated for free iodine. 
Found for sample .7260 grams. 
83.6 o/o iodine added. 

250 c.o. evaporated. 
Residue chiefly amorphous oxide. 
up with chloroform and extracted 
alcohol. Filtered. 

Taken 
ith 

Precipitate 
oxide 
found for 
sample 
2.2668 
grams 
3 .088 

grams 
sodium 
salt 
92.2 o/o 

I of that 
added 

Filtrate evaporated 
brown residue 
taken up with ater 

Residue Solution acidified 
brown 1th nitrig. 
tar Silver nitrate 
eight added. Filtered 

.0398 
.0642 

sodium 
salt(?) 
1 .6 

precipitate 
silver chloride 
silver iodide 
ashed i th 2 o /o 

onium hydroxide 

residue 
eilv r 
iodi e 
wash 
and 
dried 
wei t 
for 
s ple 
0.0872 
gr B 
.o 71 

gr a 
iod ne 
5.43 
o/o of 
iodine 
added 

Solution 
Silver 
chloride 
Cidified 
1th nitric 

acid. 
il tered. 

precinitate 
silver 
chloride 
ei t for 

B ple .300 
.0744 

chlorine or 
.1487 for 
total sampl 
27.6 o/o of 
po ibie 
ion ze. 



Methods for Determining Free Iodine in Benzene Solution 

When the first benzene decomposition mixture as analyzed for 

free iodine, the method of titrating the solution directly with 

standard thiosulphate was used. The titration was done in an 

ordinary beaker, stirring the two nonmiscible liquids together 1th 

a glass rod. The amounts of iodine caloulated ere so lo , only 

50 o/o of what was expected, and it as evident another method 

would be needed. Titrating directly a benzene solution of iodine 

with sodium thiosulphate appeared to be impossible. 

Determination of Partition Coefficient of Iodine 

Bet een Benzene and Potassium Iodide 

As a second method of determining free iodine in benzene, the 

use of the partition coefficient of iodine bet een benzene and 

I potassium iodide was considered. Our idea was to determine this 

partition for a range of iodine conoentr tiona, the minim and 

maximum of which ere to correspond 1th the oonoentrationa used in 

the benzene deoo positions. Having determined the partition coef

ficient, e ould then shake together equal volumes of the unkno 

iodine solution and potassium iodide of the e e str ngth used in 

I the partition determinations, for a definite length of ti e. After 

the t o liquids had separated, t e potassium iodide solution as 

then to be poured a ay from benzene and titrated 1th thiosulphate 

for iodine. Having the partition value, it ould be a simple at-

ter to calculate the free iodine in the benzene solution. or the 

partition determinations, the follo ing s plea of iodine ere used: 
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1. .3832 grams 

2. .4309 grams 

3. .4589 grams 

4. .4621 grams 

5. .5138 grams 

These were all dissolved individually in benzene and made up to 

100 c.c.; 50 c.c. portions were then shaken with the small amount 

of approximately N/10 potassium iodide in tightly stoppered sepa

ratory funnels for the same periods of time. This was done at room 

temperature. After the two liquids had separated into two well de

fined layers, the potassium iodide as poured away, transferred to 

a burette and titrated with thiosulphate for iodine, using starch 

solution as an indicator. The amount of iodine remaining in the 

benzene was found by the difference bet een the iodine dissolved 

and iodine determined in the potassium iodide solution. The ratio 

between these two values was taken as the partition coefficient. 

The following values were obtained: 

Sample 1. Weight of iodine .3832 grams. 

Titration 1 

Titration 2 

Kl3 

25.26 c.c. 

23.32 c.c. 

Ba2S2 03 (factor 1 c.c. = .01212 I) 

5.37 

4.97 

Partition from l = 2.049, from 2 

Average 2.06 

Sample 2. Weight of iodine .4309 grams. 

2.068 

Partition from first titration 2.207 

Partition from second titration 2.202 

Kls 

26.44 
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added in small quantities, and the flask vigorously shaken after 

each addition. The amount of iodine determined checked with the 

amount used in making up the sample. A solution was then made 

containing a known amount of i odine to hich was added some of the 

amorphous oxide; the point here was to ascertain whether or not 

the presence of the oxide would interfere with the titration. The 

average of several titr ations was taken and the iodine oaloulated 

agreed with that used. 

Iodine taken • 5331., iodine found • 5332. 
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Sample 3. Weight of iodine .4589 

KI3 Na2S203 

1 25.33 6.43 

2 24.16 6.20 

3 9.96 2.58 

Coefficient 1 2.035 

2 2.103 

3 2.167 

Average 2.101 

Sample 4. Weight of iodine .4621 

KI3 Na2S203 

18.93 4.83 

18.45 4.77 

Average 

18.69 4.8 

Coefficient = 2.04 

Sample 5. Weight of iodine .5138 

grams. 

grams. 

KI3 

1 24.25 c.c. 

2 26.13 c.c. 

NaaS203 c. c. 

7.78 

25.19 

6.76 

Average 

7.02 

Coefficient = 1.360 

Xt was decided to work out a method of direct titration. A 

known am~unt of iodine was dissolved in benzene and an aliquot part 

titrated with the thiosulphate. The titration was carried out in 

an Erlenmeyer fitted with a ground stopper. The thiosulphate was 
i 
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