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FOREWORD 

I S 0  (the International Qrganization for Standardization) i s  a worldwide federation 
of national standards institutes (IS0 qember bodies). The work of developing 
International Standards i s  carried out through I S 0  technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the I S 0  Council. 

International Standard I S 0  3839 was developed by Technical Committee 
ISO/TC 28, Petroleum products, and was circulated to the member bodies in 
August 1975. 

It has been approved by the member bodies of the following countries : 

Australia 
Austria 
Belgium 
Brazil 
Bulgaria 
Canada 
Czechoslovakia 
Egypt, Arab Rep. of 
France 

Germany 
Hungary 
India 
Iran 
Israel 
Italy 
Japan 
Mexico 
Netherlands 

No member body expressed disapproval of the document. 

Poland 
Portugal 
Romania 
South Africa, Rep. of 
Spain 
Sweden 
Turkey 
U.S.A. 
U.S.S.R. 

O International Organization for Standardization, 1978 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0 3839-1978 (E) 

Petroleum distillates and commercial aliphatic olefins - 
Determination of bromine number - Electrometric method 

1 SCOPE ..ND FIE D OF . .PPLICATION 

This International Standard specifies a method for the 
determination of the bromine number of the following 
materials : 

a) Petroleum distillates that are substantially free 
of material lighter than isobutane and that have 
90 % distillation points under 330 "C. The method i s  
generally applicable to gasoline (including leaded fuels), 
kerosine, and distillates in the gas oil range that fall 
in the following limits, but not when blending agents 
such as alcohols, ketones, ethers, or amines are present : 

90 % Recovery distillation 
temperature IS0  3405 

Bromine number, max. 
(see the note) 

Under 205 "C 1 O0 
205 to 330 "C 10 

b) Commercial olefins that are essentially mixtures 
of aliphatic mono-olefins and that fall within the range 
of 95 to 165 bromine number (see the note). The 
method has been found suitable for such materials as 
tcommercial propylene trimer and tetramer, butene 
dimer, and mixed nonenes, octenes, and heptenes. The 
method is  not satisfactory for normal alpha-olefins. 

NOTE - These limits are imposed since the precision of the method 
has been determined only up to or within the range of these 
bromine numbers. 

The value of the bromine number i s  an indication of the 
quantity of bromine-reactive constituents, not an 
identification of constituents; therefore, i t s  use as a 
measure of olefinic unsaturation should not be made 
without a study of table3- Reported behaviour of 
compounds by the electrometric bromine number method 
(see annex). 

2 REFERENCE 

I S 0  3405, Petroleum products - Determination of 
distilla tion characteris tics. 

3 DEFINITION 

bromine number : The mass, in grams, of bromine which 
will combine with 100 g of the sample under standardized 
conditions. It i s  used as an indication of the degree of 
unsaturation. 
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I S 0  3839-1978 (E) 

4 PRINCIPLE 

A known mass of the test  portion dissolved in a specified 
solvent maintained a t  O to 5 "C is titrated with standard 
volumetric bromide/bromate solution. The end point, 
indicated by a dead-stop electrometric titration apparatus, 
i s  reached when the presence of free bromine causes a 
sudden change in the electrical conductivity of the system. 

5 REAGENTS 

During the analysis, use only reagents of recognized 
analytical grade, and only distilled water or water of 
equivalent purity. 

5.1 ?,I ,I-Trichloroethane (CH, .CCI, 1. 

5.2 Potassium iodide solution, 150 g/l. 

Dissolve 150g of potassium iodide (KI) in water and 
dilute to 1 litre. 

5.3 Sulphuric acid, dilute solution (1 4- 5). 

Carefully mix 1 volume of concentrated sulphuric acid 
(H,SO,, p 1,84 g/mi) with 5 volumes of water. 

5.4 Titration solvent. 

Prepare 1 litre of titration solvent by mixing the following 
volumes of materials : 714 ml of glacial acetic acid, 134 ml 
of l,l,l-trichloroethane (5.11, 134 ml of methanol 
(CH,OH) and 18 ml of sulphuric acid solution (5.3). 

5.5 Brom'ide/bromate, 0,500 N standard volumetric 
solution. 

Dissolve 51,O g of potassium bromide (KBr) and 13,92 g 
of potassium bromate (KBrO,), both dried' a t  105 O C  for 
30 min, in water and dilute to 1 litre. 

NOTE - If  the bromine numbers of the reference olefins 
specified in clause 7 determined using this solution do not 
conform to the prescribed limits, or i f  for reasons of uncertainty 
in the quality of primary reagents it is  considered desirable to 
determine the normality of the solution, the solution shall be 
standardized and the normality thus determined shall be used in 
subsequent calculations. The standardization procedure shall be 
as follows : 

To standardize, place 50 ml of glacial acetic acid and 1 ml of 
,concentrated hydrochloric acid (HCI, p 1.19 g/ml) in a 500 ml 
iodine number flask. Chill the solution in an ice bath for approxi- 
mately IO min and, with constant swirling of the contents of the 
flask, add from a 10 ml calibrated burette 5 f 0,Ol rnl of bromide/ 
bromate solution a t  the rate of 1 or 2 drops per second. Stopper the 
flask immediately, shake the contents, place it again in the ice bath, 
and add 5 ml of potassium iodide solution (5.2) in the lip of the 
flask. After 5 min remove the flask from the ice bath and allow 
the potassium iodide solution to flow into the flask by slowly 
removing the stopper. Shake vigorously, add 100 ml of water 
in such a manner as to rinse the stopper, lip, and walls of the flask, 
and titrate promptly with sodium thiosulphate solution (5.6). 
Near the end of the titration, add 1 ml of starch solution (5.7) 

2 

and titrate slowly to disappearance of the blue colour,. Calculate 
the normality T ,  of the bromide/bromate solution as follows : 

where 

Vo i s  the volume, in millilitres, of sodium thiosulphate solution 
required for titration of the bromidelbromate solution; 

To is the normality of the sodium thiosulphate solution. 
Repeat the standardization until two successive determinations 
do not differ from their mean value by more than f 0,002 N. 

5.6 Sodium thiosulphate, 0,l N standard volumetric 
solution. 

Dissolve 25 g of sodium thiosulphate pentahydrate 
(Na2Ç20,.5H,0) in water and add 0,Ol g of sodium 
carbonate (Na2C03) to stabilize the solution. Dilute to 
1 litre and mix thoroughly by shaking. Standardize by any 
accepted procedure that determines the normality with an 
error not' greater than f 0,000 2 N. Restandardize a t  
intervals frequent enough to detect changes of 0,000 5 N 
in normality. 

5.7 Starch solution. 

Triturate 5 g of starch and 5 to  10 mg of mercury(l1) 
iodide (Hgl,) with 3 to 5 ml of water. Add the suspension 
to 2 litres of boiling water and boil for 5 to 10 min. Allow 
to cool and decant the clear, supernatant liquid into 
bottles having ground glass stoppers. 

6 APPARATUS 

6.1 Dead-stop electrometric titration apparatus. 

Any dead-stop apparatus may be used provided that it 
incorporates a high-resistance polarizing current supply 
capable of maintaining approximately 0,8 V across two 
platinum electrodes and has a sensitivity such that a voltage 
change of approximately 50 mV a t  these electrodes is 
sufficient to indicate the end point. The procedure 
described i s  based on the transistorized circuit shown in 
figure 1, which has been found satisfactory in operation. 
Other types of commercially available electric titrimeters, 
including certain pH meters, have also been found suitable. 

6.2 Electrodes. 

A platinum wire electrode pair with each wire approxi- 
mately 12 mm long and 1 mm in diameter. The wires shall 
be located 5 mm apart and approximately 55 mm below 
the level of the titration solvent. Clean the electrode pair 
a t  regular intervals with 65 % nitric acid and rinse with 
water before use. 

6.3 Titration vessel. 

A jacketed glass vessel approximately 120 mm high and 
45 mm internal diameter and of a form which can be 
conveniently maintained a t  a temperature of O to 5 OC. 
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INTERNATIONAL STANDARD IS0 3839-1978 (E)/ERRATUM 

Published 1979-1 1-15 

INTERNATIONAL ORGANIZATION FOR STANDARDlZATION*MEXAYHAPOBHAfl OPrAHbl3AUblfl il0 CTAH~APTbl3AllHL(.ORGANlSATlON INTERNATIONALE DE NORMALISATION 

Petroleum distillates and commercial aliphatic olefins - Determination of bromine number - 
Electrometric method 

ERRATUM 

Page 3 

Replace the key under the figure by the following : .J) 
R I  - 10 k52 
R2 - 560 52 
R3 - 100 k a  
R4 -- 1 k52 
R5 - 100 k52 
R 6  - 6,8 k 
R7 - 3,3 k 
R8 - 2,7 k 
R9 - 330 kS2 
R I 0  - 47 kS2 
RI1  -4,7 k 

RI2 - 180 k52 (100 k52 if a 100 pA meter is used) 
RI3 - 10 k52 
RI4 - 560 
RI5 - 180 52 
R I 6  - 1 MG 
RI7 - 10 k52 
RI8 - 6,9 k 
RI9 - 1,2 k 
R20 - 1,2 k 
All resistors 0,5 W thin film 
R I O  may be varied to suit measurement conditions 

V R I  - 10 k52 C I  - 0,2 pF 

C3 - 0,l pF 
C4 - 0,l pF 

VR2 - 470 52 IO-turn C2 - 10 pF 
VR3 - 10 k52 
VR4 - 1 k52 

I - A D  741K 
II - SN 741P 
D I  - 15920 or IN4001 
D2 - LED, Type A 

V I  - BC 182LB or 2N3302,2N4953, 
2N5376.2N5377, SK3122 

V2 - BC 212LB or 2N2907.2N3251, 
2N3486.2N3505.2N3672, 
2N3673,2N4143,2N4228, 
SK3114 

D3 - LED, RL21 

F - Fuse, 100 pA 
M - Meter, 50 or 100 pA 
S - Switch, SPST 
L - Pilot light, NE 51 

Page 5 

Replace the footnote by the following : 4i) 

“1 min-’ corresponds to 1 r/min“ 
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I S 0  3839-1978 (E)  

R I  

RL 

7 1 
R5 1 R9 R I O  

Set end I \ RI,$ point lamps 

I 
1 1 

Electrode sockets 
(2 mm) 

R4 

PI Live e 
Neutral 

Earth 1- 
R I  - 10 kR R I  2 - 180 kR (1 O0 k a  if a 1 O0 pA meter i s  used) 
R2 - 560 R RI3 - 10 kR 
R3 - 100 kR RI4 - 560 S2 
R4 - 1 kS2 RI5  - 180 R 
R5 - 100 kR RI6 - 1 MR 
R6 - 6k 8 RI7 - 10 kR 
R? - 3k 3 RI8  - 6k 8 
R8 - 2k 7 R 1 9 - l k 2  
R9 - 330 kR R20- l k 2  
R I0  - 47 k a  
RI1 - 4 k 7  

All resistors 0,5 W thin film 
R I O  may be varied to suit measurement conditions 

VRI - 10 kR 

VR3 - 10 kS2 
VR4- 1 kR 

C I  - 0,2 pF 

C3 - 0,1 pF 
C4 - 0,1 pF 

VR2-470R IO-turn C2- 1OpF 

I - A D  741K 
I I  -SN 741P 
D I  - 15920 or IN4001 
D2 - LED, Type A 

VI - BC 1 8 2 ~ B  or 2N3302,2F 953, 
D3 - LED, RL21 

2N5376,2N5377, SK3122 
V2 - BC 212LB or 2N2907,2N3251, 

2N3486,21\13505,2N3672, 
21\13673,2N4143,21\14228, 
SK3114 

F - Fuse, 100 pA 
M - Meter, 50 or 100 pA 
S - Switch, SPST 
L - Pilot light, NE 51 

FIGURE 1 - Transistorized electrometric titrimeter circuit’ ) 

1 )  Names and 
ISOITC 28. 

addresses of manufacturers of suitable components are available from the I S 0  Central Secretariat or from the Secretariat 01 

3 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 38

39
:19

78

https://standardsiso.com/api/?name=7e2ab9a6443e9e290b38147a1c8eacc9


I S 0  3839-1978 (E) 

6.4 Stirrer (figure 2). 

A suitable design consists of a glass rod 6 mm in diameter 
and approximately 150 mm in length with three sets of 
paddles located a t  the bottom, a t  30 mm up, and a t  50 mm 
up from the bottom. Each set of paddles shall consist of 
two round glass plates 1,5 mm thick and 7 mm in diameter 
fused a t  an angle of 45' to the rod and90' to each other. 
The sets of paddles shall be offset 22 from each other 
around the circumference of the rod. The stirrer shall be 
located approximately 5 mm from the bottom of the 
titration cell and shall be driven mechanically or 
electrically. When in operation, each set of paddles shall 
direct the titration solvent towards the surface. 

6.5 Burette, 10 ml graduated a t  0,05 ml or smaller 
intervals. To avoid vibration, mount the burette separately 
from the stirrer. 

7 CHECKTEST 

In case of doubt in applying the procedure to actual test  
portions, the reagents and techniques should be checked 
by means of determinations on freshly purified 
cyclohexene and diisobutene. Proceed in accordance with 
clause 8, using as a test portion either 0,6 to 1 g of freshly 
purified cyclohexene or diisobutene (see table I), or 6 to 
l o g  of a 10 % (m/m) solution of these materials in 
1 ,I ,I-trichloroethane (5.1). If the reagents and techniques 
are correct, values within the following ranges should be 
obtained : 

Standard Bromine number 

Cyclohexene, purified 
(see notes 1, 2 and 3) 
Cyclohexene, 
10 % solution 18to 20 
Diisobutene, purified 
(see notes 2 and 3) 
Diisobutene, 
10 % solution 13to 15 

187 to 199 (see note 4) 

136 to 144 (see note 4) 

NOTES 

1 Purified test samples of cyclohexene and diisobutene may 
be prepared from cyclohexene concentrates with a boiling range 
of 81 to 83°C and from diisobutene concentrates with a boiling 
range of 100 to 102 "C, by the following procedure : 

Add 65 g of activated silica (75 to 150pm particle size, manufac- 
tured to ensure minimum olefin polymerization)') to a column 
approximately 16mm in inside diameter and 760 mm in length, 
that has a stopcock a t  the lower end and that contains a small plug 
of glass wool immediately above the latter. A 100 ml burette, 
or any column providing a height-to-diameter ratio of the silica 
gel of at least 30 : 1, is suitable. Tap the column during the adding 
of the gel to ensure uniform packing. 

To the column add 30ml  of the olefin to be purified. When the 
olefin disappears into the gel, fil l the column with methanol. 
Discard the first 10ml of percolate and collect the next 10ml. 
which is the purified olefin for test of the bromine number 
procedure. Determine and record the density and refractive index 
of the purified test samples a t  20 "C. Discard the remaining perco- 
late. 

2 CAUTION : I f  distillation of these olefins i s  required as a pre- 
purification step, a few pellets of potassium hydroxide should be 
placed in the distillation flask and distillation should not be 
continued beyond 90% recovery to minimize the hazards from 
decomposition of any peroxides that may be present. 

Dimensions in millimetres 

A 

Thrust - 
Discs 

thickness 1,5 
47 

FIGURE 2 - Glass stirrer 

1) The name and address of the manufacturer of a suitable product are available from the I S 0  Central Secretariat or from the Secretariat 
of ISO/TC 28. 
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I S 0  3839-1978 (E) 

3 The reference olefins yielding the above results are characterized 
by the properties shown in table 1. 

TABLE 1 - Physical properties of purified olefins 

I Boiling I Den 
Compound point I Refractive 

% siw 08- I index 

Cyclohexene 82,5 to 83,5 0,81 O O 1,446 5 

Diisobutene 1 101 to 102.5 1 0,717 5 -f 0,001 5 1 1.41 1 2 I 
4 The theoretical bromine numbers of cyclohexene and 
diisobutene are 194,6 and 142.4. respectively. 

8 PROCEDURE 

8.1 Place 10ml of l,l,l-trichloroethane (5.1) in a 50 ml 
volumetric flask and, by means of a pipette, introduce a 
test  portion having a mass as indicated in table 2 
(see notes 1 and 2). Either obtain the mass of the t e s t  
portion introduced by difference between the mass (to the 
nearest 1 mg) of thé flask before and after addition of the 
tes t  portion or, if the density is  known accurately, calculate 
the mass from the measured volume. Fi l l  the flask to the 
mark with 1 , I  ,I-trichloroethane and mix well. 

TABLE 2 - Test portion mass 

Bromine number 

Over 10 to 20 

Over 20 to 50 

Over 50 to 100 

Over 100 to 150 

NOTES 

1 Frequently, the order of magnitude of bromine number of 
a tes t  portion is  unknown In this case, a trial test  is recommended 
using a 2 g test  portion in order to obtain the approximate 
magnitude of the bromine number. This exploratory tes t  shall 
be followed with another determination using the appropriate tes t  
portion mass as indicated in table 2. 

2 The mass of the test  portion shall also be such that the volume 
of bromide/bromate titrant used will not exceed 10 ml and that 
no separation of the reaction mixture into two phases will occur 
during the titration. Difficulty may be experienced in dissolving 
test portions of the high boiling ranges in the titration solvent; 
this difficulty can be prevented by the addition of a small quantity 
of benzene 

8.2 Cool the titration vessel (6.3) to O to 5 "C and main- 
tain the contents a t  this temperature throughout the 
titration. Switch on the titrimeter (6.1), and allow the 
electrical circuit to become stabilized. 

8.3 Introduce 110 ml of titration solvent (5.4) into the 
vessel, switch on the stirrer (6.4) and adjust to a rapid 
stirring rate, but avoid any tendency for air bubbles to be 
drawn into the solution. A rotational frequency of 
approximately I 200 min-'" is  generally satisfactory for 
the stirrer described in 6.4. 

8.4 Adjust the titrimeter until the meter reads zero. 
Add one or two drops of bromide/bromate solution (5.5) 
until the meter reaches the set end point and remains 
there for a t  least 30 s. Pipette into the titration vessel 
a 5 ml aliquot of the test  solution from the 50 ml 
volumetric flask. 

8.5 Add bromide/bromate solution (5.5) in small in- 
crements from the burette until the meter starts to 
register. Continue adding the reagent, 2 drops a t  the time, 
until the meter registers the set  end point and continues 
to register this indication for a period of not less than 30 s. 
This i s  the end point. 

NOTE - With commercial titrimeters, a sudden change in potential 
is indicated on the meter or dial of the instrument as the end point 
is approached. When this change persists for 30s. it marks the 
end point of the titration. 

With each instrument, the manufacturer's instructions should be 
followed to achieve the sensitivity in the platinum electrode circuit 
specified in 6.1. 

8.6 Make duplicate blank titrations on each batch of 
titration solvent and reagents by repeating the entire 
procedure, using 5 ml of l,l,l-trichloroethane in place of 
the t e s t  solution aliquot. Less than 0,l ml of bromide/ 
bromate solution should be required. 

9 EXPRESSION OF RESULTS 

Calculate the bromine number (Br No.) as follows : 

( V ,  - V 2 )  T, x7,99 
Br No. = 

m 
where 

V,  i s  the volume, in millilitres, of bromide/bromate 
solution required for titration of the test solution 
aliquot; 

V, i s  the volume, in millilitres, of bromidelbromqte 
solution required for titration of the blank; 

T, IS  the normality of the bromide/bromate solution; 

m i s  the mass, in grams, of test  portion in the aliquot. 

10 PRECISION 

The precision of the method, as obtained by statistical 
examination of interlaboratory tes t  results, i s  as follows : 

10.1 Repeatability 

The difference between two t e s t  results, obtained by the 
same operator with the same apparatus under constant 

* 1 min'l corresponds to 1 rev/min 
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IS0 3839-1978 (E) 

operating conditions on identical test  material, would 
in the long run, in the normal and correct operation of 
the test  method, exceed the values shown in figures 3 and 
4 only in one case in twenty, in the case of petroleum 
distillates. 

The corresponding difference for commercial aliphatic 
olefins i s  3. 

10.2 Reproducibility 

The difference between two single and independent results 
obtained by different operators working in different 

laboratories on identical test material, would in the long 
run, in the normal and correct operation of the test  
method, exceed the values shown in figures 3 and 4 only in 
one case in twenty, in the case of petroleum distillates. 

The corresponding difference for commercial aliphatic 
oiefins is  12.') 

11 TEST REPORT 

Report the bromine number as calculated in clause 9 and 
make reference to this International Standard. 

Bromine number 

FIGURE 3 - Distillates with 90 % distillation point under 205 "C 

1) Provisional value obtained from a limited amount a Jata. 
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i$O 3839-1978 (E) 

10 

FIGURE 4 - . Distillates with 90 % distillation point between 205 and 330 "C 
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I S 0  3839-1978 (E) 

ANNEX 

REPORTED BEHAVIOUR OF COMPOUNDS BY THE ELECTROMETRIC BROMINE NUMBER METHOD 

Technically, the bromine number i s  the number of grams of bromine reacting with 100 g of the test  portion under prescribed 
conditions. By this definition, bromine consumed by addition, substitution, oxidation, and reactions with sulphur-, nitrogen-, 
and oxygen-containing compounds is  included in the bromine number of the material. The use of the bromine number 
determination in the estimation of olefinic unsaturation depends on the fact that the addition reaction proceeds rapidly and 
completely under most conditions. The addition of bromine proceeds readily a t  temperatures down to or below 0°C. 
Decreasing temperature of reaction, time of contact, and concentration of free bromine tend to retard both substitution and 
oxidation reactions. Other factors, such as solvent medium, extent of agitation, and exposure to actinic light, also influence 
the rate of the various reactions. 

Experience has shown that no single set of test  conditions will direct the reaction of bromine in one manner to the exclusion 
of the others. For this reason, the conditions of bromine number tests are usually established on an empirical basis to give 
reasonable values with representative materials. 

The possibility of multiple reactions occurring concurrently and the variable behaviour of certain materials in the presence of 
bromine impose an element of uncertainty in the interpretation of results. A knowledge of the material being handled and i t s  
response to bromine greatly reduces the risk of misinterpretation. 

Bromine number data have been obtained on a large number of petroleum hydrocarbons and certain non-hydrocarbons 
associated with petroleum, by the electrometric bromine number procedure. These data, which were submitted by 
cooperators, are presented in table 3. 

This information i s  given in order to serve as a general guide in the interpretation of bromine numbers on petroleum products. 
It i s  recognized that the bromine number data recorded in this table are of limited value owing to incompleteness; however, it 
is considered that their usefulness will be amplified as more bromine number data obtained by the method specified in this 
International Standard are contributed by cooperators. Such additional data should be submitted to ISO/TC 28 Secretariat, 
c/o American National Standards Institute, 1430 Broadway, New York, N.Y. 10018, U.S.A., from whom further information 
regarding experimental conditions can also be obtained. 
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I S 0  3839-1978 (E) 

I 

TABLE 3 - Reported behaviour of compounds by the electrometric bromine number method 

Purity1 ) 
Compbund 

Bromine number 

% Theory Found Deviation 

Paraffins 

n-Hexane 99,96 ) or0 0.0 0,o 
2-Methyl hexane 99,88 0.0 0.0 0.0 
n-Heptane 2) 0,o 0,1 + O, 
n-Octane 99,94 0.0 Of0 0.0 
2,2,4-Trimethylpentane 99,96 0,o 0.1 + 0.1 

1-Pentene 
tram- 2- Pen tene 

1 -Hexene 
cis-2-Hexene 
trans-2-Hexene 
cis-3-Hexene 
trans-3- Hexene 

1 -Heptene 
trans-2-Heptene 
vans-3-Heptene 

1 -0ctene 
2-Octene 
trans-4-Octene 
1 -Decene 

1 -Dodecene 
1 -Tridecene 

1 .Tetradecene 

1 -Pentadecene 
1 -Hexadecene 

2-Methyl-1-butene 
2-Methyl-2-butene 

2.3-Dimethyl-1 -butene 
3,3-Dimethyl-1 -butene 
2-Ethyl-1 -butene 
2.3-Dimethyl-2-butene 
2-Methyl-1 -pentene 
3-Methyl- 1 -pentene 
4-Methyl-1 -pentene 

2-Methyl-2-pentene 
3-Methyl-cis-2-pentene 
3-Methyl-trans-2-pentene 
4-Methyl-cis-2-pentene 
4-Methyl-trans-2-pentene 
2.3.3-Tri methyl- 1 -butene 
3-Methyl-2-Ethyl-1 -butene 
2.3-Dimethyl-1 -pentene 
2.4-Dimethyl-1 -pentene 
2.3-Di methyl-2-pentene 
4.4-Dimethyl-cis-2-pentene 
4.4-0imethyI-trans-2-pentene 
3-Ethyl-1 -pentene 

Straiaht chain olefins 

99.7 
99.91 

3) 

99.80 
99.83 
99,87 
99,94 

99,8 
99.85 
99,80 

99.7 
3) 

99.84 
99,89 

99,9 
99,8 

99.7 

99,8 
99.84 

Branched chain olefins 

99,90 
99.94 

99,86 
99,91 
99.90 
99.90 
99.92 
99.70 
99.82 

99,91 
99.85 
99,86 
99,92 
99,75 
99,94 
99.8 
99,80 
99.87 
99,6 
99,79 
99.91 
99.85 

228.0 
228,O 

189.9 
189,9 
189.9 
189.9 
189.9 

162,8 
162.8 
162,8 

142,4 
142.4 
142,4 
114.1 

95.1 
87.7 

81.4 

76.0 
71,2 

228,O 
228.0 

189.9 
189.9 
189.9 
189,9 
189.9 
189,9 
1 89,9 

189.9 
189.9 
189,9 
189,9 
189.9 
162,8 
162.8 
162.8 
162,8 
162,8 
162,8 
162,8 
162,8 

208 
235 

181 
189 
189 
193 
191.4 

1 36 
163 
163 

1 32 
1 39 
149 
111,4 

82.9 
81,4 

70,8 

62,9 
62.8 

- 20 
+ 7  

- 9  
- 1  
- 1  
+ 3  
+ 1.5 

-27 
O 
O 

- 10 
- 3  
+ 7  
- 2,7 

- 12,2 
- 6.3 

- 10,6 

- 13.1 
- 8.4 

231,8 
235 

194 
167 
198 
191 
182 
152 
176 

190 
193,7 
191 
190 
190 
161 
165,4 
158.5 
152.8 
162,3 
159 
158 
173.1 

+ 3.8 
+ 7  

+ 4  
- 23 
+ 8  
+ 1  
- 8  
- 38 
- 14 

O 
+ 3,8 
t 1  

O 
O 

- 2  
+ 2,6 
- 4,3 
- 10,o 
- 0.5 
- 4  
- 5  
+ 10.3 
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4-Ethenyl-I -cyclohexene [4-Vinyl-l qclohexene I 99,90 
DL-1,8(9)-p-Menthadiene [ Dipentene] 98-100’) 

TABLE 3 - Reported behaviour of compounds by the electrometric bromine number method (Confinued) 

295.5 2106) (- 85) 
234.6 225,2 - 9,4 

Compound 

3-Ethyl-2-pentene 
2-Methyl-I -hexene 
5-Methyl-I -hexene 
3-Methy I-cn-Z-hexene 
2-Methyl-trans-3-hexene 

2-Methyl-3-Ethyl-I -pentene 
2,4,4-Trimethyl-l -pentene 
2,4,4-Trimethyl-2-pentene 
Diisobutene 
2-Ethyl-I -hexene 
2,3-Di methyl-2-hexene 
2.5-Dimethyl-2-hexene 
2.2-DimethyI-rrans-3-hexene 
Triisobutene 

2-Methyi-l,3-butadiene [ Isoprenel 99.96 
cis-I ,3-Pentadiene 99.92 
trans-I ,3-Pentadiene 99.92 
2-Methyl-I ,3-Pentadiene 95 + 8 )  

2.3-Dimethyl-l.3-Butadiene 99,93 

Purity’ 
% 

470 235.7 - 234 
470 285,3 - 185 
470 234 - 236 
389 197,3 - 192 
389 186,l -203 

99.80 
99.88 
99.80 
99,8 
99,9 

99.81 
99,91 
99.92 

4) 

5) 

99,71 
99,8 
99,80 
99,0 

1.2-Pentadiene 
1,4-Pentadiene 
2,3-Pentadiene 
1 ,B-Hexadiene 

Bromine number 

99,66 470 230 
99.93 470 185 
99.85 470 227 
99.89 389 352 

Theory 

Phenylethylene [Styrene] 
Methylphenylethylenr a-methylsterene 

162.8 
162,8 
162,8 
162.8 
162,8 

142,4 
142.4 
142.4 
142.4 
142,4 
142.4 
142,4 
142,4 
95 

9) 153,4 123,6 - 29,8 
9) 135,3 133,2 - 2,l 

Found 

Allylbenzene I 97,8 22) 

165 
161 
1 54 
163,6 
163,4 

.139,8 
137.0 
141,2 
139.84) 
140,2 
143 
142,8 
139 
57,5 

135,2 0,o - 135.2 

Deviation 

+ 2  
- 2  
- 9  
t 0,8 
+ 0,6 

- 2,6 
- 5,4 
- 1,2 
- 2,6 
- 2,2 
t 1  
+ 0.4 
- 3  
- 37,5 

- 240 
- 285 
- 243 
- 37 

Cyclopentene 
Cyclohexene 
Cyciohexene 
1 -Methylcyclopentene 
1 -Methylcyclohexene 
Ethenylcyclopentane [Vinylcyclopentanel 
Ethylidenecyclopentane 
1.2-Di methylcyclo hexene 
3-Cyciopentyi-1 -propane 
Ethylidenecyclohexane 

\ Ethenylcyclohexane [Vinylcyclohexanel 
1 -Ethylcyclohexene 
lndene 

Cyclic olefins 

99,97 
99.98 

4) 

99.86 
99.82 
99,91 
99,96 
99.94 
99,87 
99.86 
99.95 
99,83 
3) 

243.6 
194,6 
194,6 
194.6 
166 
166 
166,2 
145,O 
145,O 
145,O 
145 
145 
137.7 

237 
193.2 
192,84) 
209 
162 
164 
167,7 
150,9 
140,9 
147,O 
1 39 
146,6 
134 

+ 2  
- 1,4 
- 1,8 
+ 14 
- 4  
- 2  
+ 1,5 
+ 5,9 
- 4.1 
+ 2,o 
- 6  
+ 1,6 
- 4  

a 

a 
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TABLE 3 - Reported behaviour of compoundes by the electrometric bromine number method (Continued) 

Purityl) Bromine number 

Theory Found Deviation 
Compound I % 

Aromatics, monocy cl ic 

Benzene 
Toluene 
o-Xylene 
m-Xylene 
p-Xylene 
lsopropylbenzene [Cumene] 
1.2.4-Trimethylbenzene [Pseudocumene] 
1,3,5-Trimethylbenzene [Mesitylene] 
1,3-Dimethyl-4-ethylbenzene 
1,2,4,5-Tetramethylbenzene [ Durene] 
1,2,3,5-Tetramethylbenzene 1 lsodurene] 
terr-Butylbenzene 
tert -Amy1 benzene 

Phenylbenzene [Biphenyll 
Naphthalene 
1,2,3,4-Tetrahydronaphthalene [Tetralin] 
1 -Methylnaphthalene 
2-Methylnaphthalene 

2,3-Dihydroindene [ lndan] 
Cyclohexylbenzene 

99,98 
99,97 
99 + 15) 
99 + 15) 
99 + 75) 
99.95 
99.67 

1 O)  

99.9 
99,86 
10) 

99,7311) 
3) 

4romatics. bicvclic 

1 O) 

99,96 
99.9 
99,78 
99.91 

99.9 
99,93 

Aromatics, polycyc 

+ 0,l 
+ 0,l 

0,0 
0.0 
0.0 
0,0 
0 

+ 0,3 

0,0 
+ 0,l 
+ 0,3 

0,0 
+ 0,7 

0,0 
0 

+ 0,2 
0.0 
0.0 

0,0 
0 

Anthracene 1 O) 0.0 11,8 + 11,8 
Phenanthrene 1 O) 0,o 3,9 + 3,9 

Methylcyclopentane 
Methylcyclohexane 
Içopropylcyclopentane 
cis-Hexahydroindan Icis-Hydrindan ] 
rrans-Hexahydroindan [rrans-Hydrindan I 
tert-Butylcyclohexane 

Cyclo pentylcyclopentane 
cis-Decahydronaphthalene (cis-Decalin I 
Vans-Decahydronaphthalene (trans-Decalin] 

- ~ ~ 

Ethanethiol [Ethyl mercaptan] 
3-Thiapentane [Ethyl sulphide] 
2,J-Dithiabutane [Methyldisulphide] 
Thiacyclobutane [Trimethylene sulphide I 
Thiophene 
Thiacyclopentane (Tetrahydrothiophene 1 
3.4-Dithiahexane [Diethyldisulphide] 
2-Methyl-2-propanethioî [tert-Butyl mercaptan 1 
I-Pentanethiol [Amyi mercaptan] 

Cycloparaff ins 

99,991 1 ) 

99.97 
99,8 
99.94 
99,71 
99.95 

99,95 
98 + 8, 
98 + 8) 

Sulphur compounds 

99.95 
99.94 
99,97 
99.95 
99,99 
99.95 
99,90 
99,92 
99,92 

0,o 
O 
0.0 
0.0 

0,o 
O 

0.0 
0.1 1 
1.64 

209 
184 

1.1 

0,4 

0.4 

214 

183 

141 
83 

+ 209 
+ 184 
+ 1,l 
+ 214 
+ 0.4 
+ 183 
+ 0,4 
+ 141 
+ 83 
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I S 0  3839-1978 (E) 

TABLE 3 - Reported behaviour of compounds by the electrometric bromine number method (Concluded) 

Bromine number 

Theory Found Deviation 

Purity1 ) 
% Compound I 

Pyrrolidine 
Pyridine 
2-Methylpyridine 
4-Methylpyridine 
2,4,6-Trimethylpyridine 
2-(5-Nonyl) pyridine 
Pyrrole 
2-Methylpyrrole 
2.4-Dimethylpyrrole 
2,5-Dimethylpyrrole 
2.4-Dimethyl-3-ethylpyrrole 
1 -(l-Butyl) pyrrole 

litrogen compounds 

99.85 
16) 

99.90 
99 + 12) 

99 + 12) 

13) 

99.99 
98 t 17) 
98 + 17) 

98 + 17) 
98 t 17) 

99.9 14)  

11.8 
1.4 
0.9 
1.7 
2.7 
1.4 

873 
708 
484 
869 
248 
472 

Oxygen compounds 

+ 11,8 
+ 1,4 
+ 0.9 
+ 1.J 
f 2.7 
+ 1.4 
t 873 
+ 708 
+ 484 
+ 869 
+ 248 
t 472 

Acetone 18) or0 0,o 0.0 
Methylethylketone 19) 0.0 0.0 0.0 

Miscellaneous 

Ethanolamine 1 O) 0.0 1.5 + 1,5 
Ethylene dichloride I O )  0,o 0.0 0,o 
Ethylene dibromide 10) Oro 0.0 0,o 
Tetraethyllead [TEL] 20) (49,5)23) 52,7 (+ 3,2) 
Tetramethyllead [TML] 20) (59,8)z3) 62.6 (t 2,8) 

1 ) API Stariderd test samples, unless otherwise noted. 

2 )  Phillips pure grade product, distilled, heart-cut percolated through sil ica gel 

31 Purity not stated. 

4) Average value obtained in September, 1957, Cooperative Program on purified Eastman product. 

5) Dow Research Chemical. 

6) Approximate value. 

7) Hercules Inc., experimental sample. 

8) From Penn State University. 

9)  Eastman white la$l product, distilled under 6 666 Pa (50 mmHg) pressure just prior to test .  

IO) Eastman white label product. 

11 ) Phillips research grade product. 

12) Purity estimated by spectra and GLC.. 

13) Test sample of best purity from Vigreux distillation. 

14) Purity estimated from freezing point. 

151 Phillips pure grade product. 

16) Meets ACS specifications. 

17) Samples supplied by API Project 52. 

18) Band A reagent chemical (Code No. 1004). 

19) M C and B chemical (Code No. 2609). 

20) Ethyl Corporation products. 

21) Synthesized (278 " C  boiling point fraction). Purity determined by GC, impurities identified as diisobutenes. 

22) M C and B chemical. Purity determined by GC, impurities not identified. 

23) Calculated values based on the reaction of one mole of bromine with the organometallic compound. 
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