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A sodium fusion-Ion chromatographic method for deter

mination of fluorine, chlorine, bromine, and iodine in

organic compounds is described. Seventeen organic halogen

compounds and eleven mixtures were decomposed by Na fumes

at 280-2900C for one hour or longer. The absorbing solu-

tions were injected for ion chromatographic analysis using

electrochemical and conductometric detectors. The arrange-

ment of the apparatus includes the placement of the electro-

chemical and conductometric detectors. This method provides

a mechanism providing for complete analysis for all four

halogens in one ion chromatographic sample injection. Repro-

ducibility is excellent and liquid sample handling is

mentioned.
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CHAPTER I

INTRODUCTION

Halogen compounds are included in several major classes

of organic compounds including refrigerants, insecticides,

pesticides, herbicides, solvents, pharmaceuticals, etc. (1) .

Thus, the determination of halogens in organic compounds is

often necessary. The physical chemical determinations of

organic halo compounds with infrared spectroscopy (2) and

mass spectrometry (3) are particularly useful. Other

methods such as UV spectroscopy, microwave spectroscopy,

and X-ray diffraction (for solid organic samples) have been

discussed by Armstrong et al. (4) .

The general analytical methods in organic elemental

analysis can be divided into two major parts: Decomposition

of organic compounds and determination of halogens.

(A) Methods for the Decomposition
of Organic Compounds

There is a wide range of published methods for the

decomposition of organically bound halogen. The most

important methods for this purpose are summarized in

Table-I, together with their useful range of application

(1,5). The discussion of each technique follows.

1
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TABLE-I

DECOMPOSITION METHODS FOR THE DETERMINATION OF THE HALOGENS

Method Most useful range

(a) Closed Flask Combustion Micro, Semimicro

(b) Oxygen Combustion Tube Micro
Catalytic
Empty

(c) Metal Bomb Micro, Semimicro
Peroxide Fusion
Alkali Metal Fusion

(d) Carius Method Micro, Semimicro

(e) Alkali Metal in Liquid Systems Semimicro, Macro
Sodium Metal Suspended in

Ethanol
Sodium Metal Suspended in

NH 3 ( )

Other Replacing Compounds in
Liquid Solvents

(f) Others Micro, Semimicro,
Zacherl & Krainich Method Macro
Flame Emission Method
Chlorination (for I)
Hydrogenation in NH3

KOH-(CH 3 ) 2 SO Method
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(a) Closed Flask Combustion Method

This technique is also known as oxygen flask combustion

and is one of the most widely used methods for the destruc-

tion of organic halo compounds prior to the determination of

their halogen content. The sample is wrapped in filter

paper, fixed in a container which is attached to the stopper

of the combustion flask, ignited, and burned in a flask

which has been flushed with oxygen and contains an appro-

priate absorbing solution. The absorbing solution depends

on the particular determination method to be used. The

temperature at which thermal decomposition of the organic

compound takes place in the presence of a platinum basket

is about 1200 C (5). There are many organic compounds

which are only partially decomposed by the oxygen flask

combustion method because of their volatilities and/or

reactivities, particularly those containing fluorine (1).

In fact, it has been established that this technique is

more suitable for the determination of sulfur than for the

halogens (6).

(b) Oxygen Combustion Tube Method

(i) Catalytic -- In this method, the sample is burned

in a slow stream of oxygen and passed over platinum which

is maintained at about 700 C. Platinum cylinders, gauze,

or platinized quartz have all been proposed for this purpose

(7). The flow rate of the gas through the system must be

, ,.
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controlled carefully and does not exceed 4-5 mL/min, other-

wise, halogens will be lost. Sodium hydroxide, sodium

carbonate, and bisulfite solutions (1) have been used for

most absorbing solutions.

(ii) Empty -- The first account of the empty tube

combustion method was published by Belcher and Spooner (8)

who used an empty quartz tube maintained at a temperature

of approximately 800-9000C and an oxygen flow rate of about

50 mL/min. The combustion and abosrption are complete in

10-12 minutes for micro samples. It should be noted that

this technique is only suitable for the decomposition of

chloro, bromo, and iodo compounds.

(c) Metal Bomb Method

This is a general mineralization technique in organic

elemental analysis. The sample is mixed with suitable

reagents, such as sodium peroxide or alkali metals, in a

sealed metal bomb. Destruction of the organic material

is effected through fusion of the mixture by heating the

bomb externally (5). The fusion methods are also readily

applicable to samples which boil below room temperature

or exhibit a high vapor pressure.

(i) Peroxide Fusion -- Nearly all the organic halo

compounds can be successfully decomposed by fusion with

sodium peroxide. The chemical reaction that takes place
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by reacting with sodium peroxide is an oxidation reaction,

therefore, the products contain higher oxidation states of

the halogens.

(ii) Alkali Metal Fusion -- Reduction in the metal

bomb is accomplished by fusion of the organic material with

metallic sodium or potassium. This reduction reaction

converts the halogens to the lowest valence state, hence

the resulting products are all in the form of halides (9).

(d) Carius Method

This is among the most reliable and most universally

applicable procedures for decomposition of organic com-

pounds. The organic halo compound, except fluoro compounds,

is reacted with fuming nitric acid in the presence of silver

nitrate. Such treatment produces the corresponding silver

halide. The reaction is carried out in a sealed, heavy-

walled tube at 250 0 C for 7-8 hours (10).

(e) Alkali Metal in Liquid System

The sodium metal suspended in ethanol and in liquid

ammonia (11) has been reported in decomposition of organic

halo compounds. Lithium (12), sodium biphenyl (13), sodium

naphthalene (14), and sodium tetrahydroborate (15) have

been suggested instead of sodium metal as the decomposition

reagents. The liquid system replaced by other solvents,

such as ethanolamines, isopropyl, sec-butyl, and amyl
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alcohols (16,17,18), has also been tried. In general, these

methods are slow and are applicable to only a limited number

of materials. Because they are not generally satisfactory

on a micro scale, none has gained wide acceptance for the

quantitative determination of the halogens in organic

compounds (1).

(f) Other Methods

The method of Zacherl and Krainick is one interesting

micro chemical method for the determination of chlorine and

bromine. The sample is mixed with sulfuric acid and silver

dichromate or silver persulfate (1).

Many other decomposition methods have been used for the

organic halo compounds, such as KOH-(CH3 2 SO method (19),

flame emission (20), chlorination for iodo compounds (21),

and hydrogenation in ammonia (22). Many methods followed by

a specific detection technique have also been used, for

instance, neutron activation for chlorine followed by

radiometric method (23), and gold electrode spark for

bromine followed by mass spectrometry (5).

(B) Methods for the Determination
of Halogens

There are many different methods for the determination

of the halogens after the sample has been decomposed. In

many cases, one method which can satisfy the chlorine and/or

bromine analysis in organic compounds may be not suitable

_
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for determination of fluorine or iodine. Methods for

fluorine determination are almost unique among the halogens

(24).

(a) Gravimetric Methods

Gravimetric methods are recommended for organic chlorine

or bromine analysis when the determinations are made occasion-

ally and not for a series of samples. Chloride and bromide

can be determined gravimetrically as their silver salts.

Iodide determination is somewhat less satisfactory than these

two in this method (1). Precipitation of insoluble salts

of fluoride, such as calcium fluoride and lead chlorofluoride,

requires a specific condition and is applicable only on a

macro analysis level (24).

(b) Visual Titrimetric Methods

(i) Volhard Method -- In this method (9,13,25,26), the

excess of silver nitrate is back-titrated with standardized

ammonium thiocyanate solution using ferric alum as indicator.

It is one of most satisfactory titration methods employed in

chloride, bromide, and iodide determination.

(ii) Absorption Indicator Method -- Eosin, fluorescein,

and dichlorofluorescein have all been used as absorption

indicators for the direct titration of halides with silver

nitrate solution. This method is generally less satisfactory

than other methods because of the adverse effect of neutral

salts (1).

v., ,
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(iii) Mercuric Oxycyanide Method (27,28,29) -- This

method is based on the following reaction:

2 NaCl + 2 Hg(OH)CN---+Hg(CN)2 + HgCl2 + 2 NaOH

The alkali released is titrated with a standardized acid

solution.

(iv) Other Methods - Titrimetric determination of

fluoride is based on its reaction with thorium nitrate (4):

____ ____ ____2-

Th (NO394 + 6 F- 1 (ThF 6 ) + 4 NO3

The complex ion (ThF6 )2- is stable and colorless in aqueous

solution. Thorium also can form other colored complex ions

which are less stable than (ThF6 ) 2. Therefore, the colored

complexes may serve as "indicators" for the reaction between

thorium and fluoride ions. Sodium alizarin sulfonate is

the best known and most commonly used indicator because it

will not form the colored complex when fluoride ions are

present. Some characteristics make this method quite dif-

ferent from conventional titrimetric procedures (5,24). The

colorimetric method is based on the formation of the fluoride

complex with either zirconium-alizarin or zirconium-Erichrome

cyanine. Other complex formation reagents have also been

mentioned (5).

Kirsten reported that ethanolic silver nitrate titrating

an acidic ethanol solution by using mercuric chloride or

,
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bromide and diphenyl carbazide as an indicator can obtain

excellent results for chlorine or bromine containing com-

pounds (30).

Other methods, such as bromophenol blue method (18)

for chloride and brilliant yellow method (31) for bromide,

have been used. The Mohr method is commonly used in

inorganic analysis, but it is rarely applied in organic

analysis (1).

(c) Electrometric Methods

(i) Potentiometric Titration -- Potentiometric titra-

tion with silver nitrate solution is the most frequently

employed technique for the determination of chloride and

bromide. The silver-calomel combination electrode is

generally used, but other electrode systems can serve as

well. The mercury-mercurous sulfate electrode is excellent

since it need not be isolated from the solution by a bridge

as is the case when any of the usual calomel reference

electrodes are employed (5). The recommended procedure is

to mix the absorbing solution used in the decomposition

step with acetone to attain 90% volume of acetone because

a much sharper break at the equivalence point is obtained

in acetone solution (13)

(ii) Amperometric Titration -- The amperometric titra-

tion with a standard solution of silver nitrate offers a

rapid and reliable method for determination of chloride,
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bromide, and iodide ions. Olson (1) reported the most

satisfactory conditions employ a pair of silver-wire

electrodes polarized by the application of 0.25 V between

electrodes, and it is not necessary to remove oxygen from

the solution. The end point can be located by plotting

the amperometric titration curve (32).

(iii) Coulometric Titration -- The coulometric genera-

tion of a silver ion offers a convenient method for the

addition of silver ions to a solution containing any of the

halide ions except the fluoride ion. The end point can be

located either amperometrically or potentiometrically

(33, 34) .

(d) Iodide Determination

A method for determination of iodide has been mentioned

by Ma and Rittner (5). The iodide is oxidized completely to

iodate by bromine, and the excess bromine is removed by

formic acid. The iodate is determined by the liberation of

iodine upon the addition of iodide in sulfuric acid solution,

followed by titration of iodine with standardized sodium

thiosulfate solution. The reactions are represented by the

following equations:

I~ + 3 Br 2 + 3 H2OHAc HIO 3 +Br- + 5 HBr

excess Br2 + HCOOH 9 2 HBr + CO2

HIO3 + 5 KI + 5 H2 SO4  312 + 3 H2 0 + 5 KHSO4

3 12 + 6 Na2 S2O3 6 NaI + 3 Na2 S4O6
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(e) Fluoride Determination

Recently ion-selective electrodes have come into favor

for measurement of fluoride ion. The fluoride ion can be

determined by measuring the potential of the mixture solu-

tion by means of a fluoride-selective electrode. Thus the

presence of interferences, such as phosphorus, in the

sample will not affect the fluoride determination. The

limitations of pH in solution and time necessary to condi-

tion the electrode have to be noted in order to obtain

accurate millivolt readings (35,36,37).

(f) Ion Chromatographic Method

Ion chromatography (IC) as developed by Small et al,

(38) has been proved to be a very useful technique for

determination of inorganic anions at the ppm and sub-ppm

range. Ion chromatography uses a novel column combination

in neutralizing or suppressing the background without

significantly affecting the species being analyzed which

in turn permits the use of a conductivity cell as a universal

detector of all ionic species. It is quite different from

the conventional methods described above. Occasionally,

analysis of mixtures of two or of all four halogens are

required. In Olson's (1) and Ma's (5,24) opinions, none

of the conventional methods for the simultaneous titration

of fluoride, chloride, bromide, and iodide is entirely

satisfactory, particularly on the microchemical scale. The

_ _ __ ._ a__...n :__ - :
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major reason in conventional methods is that one has to

separate the halogens into single-systems, or use a method

which will determine each of the halogens simultaneously.

It is often difficult, complicated, or impossible without

interferences. The ion chromatographic technique, using

the properties of ion-exchange, can solve this problem very

easily. Various types of ion chromatographs are commer-

cially available. Applications and limitations of ion

chromatography with conductometric detection have been

documented by Smith (39) and Mulik (40). More details

will be discussed in Chapter II.

(C) The Advantages of Using the Sodium Fusion
Method Followed by IC Analysis

The fusion methods (peroxide, alkali metal) offer

definite advantages in that almost all the organic halo

compounds can be successfully destroyed by at least one of

the fusion techniques. Unfortunately, there are some

disadvantages for ion chromatographic analysis after using

peroxide as the decomposition reagent for organic halo

compounds. One of the major disadvantages is the chemical

reaction taking place for releasing the organically bound

halogen is an oxidation reaction. The halogens are con-

verted to chloride, a mixture of bromide and bromate, and

iodate, respectively. Bromate and iodate must be reduced

to bromide and iodide prior to injection into the ion
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chromatograph. These processes might produce contaminant

ions in ion chromatographic analysis because of the large

amount of foreign ions exsiting in the absorbing solution.

The oxidation of bromine and iodine is also the reason why

the closed-flask combustion method and the oxygen combus-

tion tube method are not suitable in ion chromatographic

analysis to determine the bromine and ionine in organic

compounds.

Another problem is the decomposition of fluoro com-

pounds. The sodium peroxide fusion of fluoro compounds

may be incomplete without some additives (1) or the reaction

becomes explosive (24). The closed-flask combustion

technique has the same problem as peroxide method and some

other limitations, such as explosion or handling low-boiling

liquids, could exist when dealing with organic fluoro

compounds (24). The alkali metal fusion method produces all

the halogens in the form of halides, therefore, it is pre-

ferred to the sodium peroxide or oxygen combustion methods.

The Carius method is not suitable for ion chromato-

graphic analysis since the excess nitrate ion can cause peak

overlap with the chloride and bromide ions. A distinctive

advantage of the alkali fusion method is that the reaction

time and temperature can be controlled easily, Either

sodium or potassium can be considered in alkali fusion

method. Potassium is more sensitive to oxygen and moisture
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than sodium. Sodium can be cut and weighed in the open air

and is much cheaper than potassium, therefore, sodium is

considered preferable to potassium.

The ion chromatographic technique couples fast separa-

tion with a measuring device that provides prompt and precise

quantitation over a broad range of sensitivities (41). It

is not necessary to remove interfering ions, such as other

halide ions, sulfur ion, or cyanide ion, from the absorbing

solutions prior to analysis. These ions may be formed from

the organic compound itself or from the impurities in the

sample after reacting with sodium fumes. The conventional

methods -- titrations, precipitations, colorimetry, and

electrometric methods - must be performed carefully and

these species must be removed before analysis.

=;.: r



CHAPTER II

PROCEDURE FOR THE DETERMINATION OF HALOGENS

USING ION CHROMATOGRAPHY

In this chapter a method is described for combining

conductometric and electrochemical detection to determine

halides and some optional anions, such as sulfate and

thiocyanate, quantitatively in one injection, Ion chro-

matography has been shown to work well for different comma

binations of the halides but the determination of all four

halides in one sample injection has been difficult in the

past.

In general, large polarizable anions, such as I" and

SCN have strong affinities for anion exchange resin and

elute slowly with the -normal- instrumental conditions used

in ion chromatography. The conventional ways to separate

and detect these large anions is to increase the eluent

strength and/or use shorter columns, which often result in

the loss of resolution of the faster eluting species. Other

methods involving I and/or SCN, use different anion exchange

resins, such as brine anion separator columns (Dionex),

silica-coated polyamid crown resin columns (42), low

capacity XAD-1 resin columns (43), or pellicular silica

15
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based columns (44). Again resolution is frequently lost or

severely reduced for the faster eluting species. Other

techniques involve the measurement of the absorbance of

these anions by UV detection at 205-215 nm (45,46).

However, for samples containing both strongly and weakly

retained species, these separations and detections need

additional lab work and prolong the time required to

perform the analysis.

The Dionex electrochemical detector is a powerful

instrument for the measurement of easily oxidized species.

The silver working electrode can detect Cl', Br", I', and

- 2- 2
some other species, such as CN , SCN , 203 , and S , at

different selective potentials without the need of a sup-

pressor column. Therefore, the following procedure provides

optimum analytical conditions for the determination of all

four halides in absorbing solution simultaneously.

(A) Experimental Condition

(a) Apparatus

The ion chromatograph used in these experiments was a

Dionex Ion Chromatograph 10 equipped with standard conductance

detector and with the optional Dionex Electrochemical

Detector. It is often the case that electrochemical detectors

may be more difficult to use than conductivity detectors,

however, both detectors have been in use for over one year

: ,. 4... . .
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following the general precautions outlined by the manu-

facturer and have needed no maintenance or repairs. A

Dionex Fast Run Anion Analysis Column Kit was obtained to

perform the separation of the species. The 250 mm separator

column which comes with the column kit was cut into two

pieces with a razor blade to form two individual columns of

100 mm and 150 mm length., The cutting of the column into

two sections did,'not alter the response of the column.

Chromatograms of solutions made before and after cutting

were identical with respect to retention times, peak

heights, and. peak shapes, A dual channel-dual pen chart

recorder was used to record the chromatograms (Houston

Instruments). Table-Ii lists the operating conditions of

the ion chromatograph during the experimental work,

(b) Reagents

A solution containing F , Cl , Br, I, and two optional

2--
inorganic anions, SO4  and SCN', was prepared from reagent

grade chemicals. All solutions, including the ion chroma-

tographic eluent, were prepared from distilled-deionized

water. The concentrations of standard stock solution were

2-
3 ppm F , 3 ppm Cl, 8 ppm Br~, 10 ppm I~, 20 ppm SO4 , and

20 ppm SCN~.

(c) Procedure

Initial chromatographic work was carried out by using

conductometric detection to ascertain the retention times
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TABLE-I I

ION CHROMATOGRAPHIC PARAMETERS

Eluent

Flow rate

Pre-column

Separator column

Suppressor column

Injection volume

Working electrode

Working potential

Electrochemical full scale

Conductance full scale

Standard stock solution

0. 00 3 mol/L NaHCO 3 and

0 .0024 mol/L Na2CO 3

156 mL/hr

50 mm fast run

100 mm fast run
150 mm fast run

100 mm anion suppressor
column

100 iL

Ag

0. 2 V

093-1.5 TIA/V

10-50 prho

3 ppm Cl~, 3 ppm F , 8 ppm
2-

Br, 20 ppm SO4 10 ppm I,

and 20 ppm SCN
____________________________ _______________________________________ 1~~~.-~
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for the species of interest for different column lengths.

The location and size of the three separator column com-

ponents was optimized to provide the best possible resolution

with symmetric peak shapes in a minimum of time. Figure-l

shows the schematic of the chromatographic system. It was

determined that F-, Cl1, Br-, andL SO4 would have completely

traversed the entire system length before the I or SCN had

passed through 150 mm of separator column. The electro-

chemical detector should be located after the 50 mm separator

column to minimize peak broadening and tailing. It was

determined experimentally that the sulfate peak was totally

eluted in approximately 12 minutes and that the iodide peak

began to elute from the 50 mm plus 100 mm components at

approximately 13 minutes.

The analytical procedure was as follows. The 100 pL

sample was injected and the injection time was noted.

Immediately after the sulfate peak from the conductometric

detector reached baseline the conductometric detector was

shut off and the suppressor system valve was switched to

waste. The system was allowed to run in this mode for twenty

minutes to allow time for all I and SCN~ to have been

completely flushed from the system. After this twenty

minute period, the suppressor system valve was switched back

on line and after one minute the conductometric detector was

turned on. Re-equilibration time was less than 5 minutes.
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It should be noted that the system as described in

Figure-l now contains, a. separator column component in what

is normally a suppressor column system. The separator

column should be removed before regeneration of the suppres-

sor. Removing this separator from the suppressor system

requires less than five minutes and can be done without the

use of tools since all column fittings on this instrument

are hand tightened plastic fittings. Since the suppressor

column is used less than 50% of the time, suppressor use

between regeneration is extended to over 20 hours without

problem. Care should also be taken when switching the

suppressor system valve to waste to insure that the sulfate

peak has reached baseline. There is a pressure drop of

about 200 psig when the valve is switched to waste and this

drop could -cause changes in the chromatographic peak shapes

and retention times.

The electrochemical detector responds to Cl , Br , I ,

and SCNT in our system. Because Cl can be measured more

accurately and sensitively with the conductometric detector,

it was not included in the electrochemical data. The Br

ion can be detected easily by either detector and the choice

may rest on the presence of other interfering peaks not

included in this study. A very high concentration nitrate

ion peak may cause slight overlapping interference with a

low concentration bromide ion peak using the conductivity

t
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detector. No nitrate interference is seen with the electro-

chemical detector since the nitrate ion does not respond to

this type of detector.

(B) Results and Discussion

The six component standard stock solution was analyzed

for system stability and reproducibility. A representative

chromatogram is shown in Figure-2. The solution was injected

throughout the course of the day and the results of the data

analysis are shown in Table-III. These results indicate that

there are no adverse instrumental effects from the off/on

cycling of the suppressor column as a result of the switching

of the suppressor system valve. The average time between

injections for the 9 injection series was 38 minutes. The

experiment was repeated on a different day with no signifi-

cant deviation in the results.

The concentration of individual anions in the stock

solution were then increased one at a time by varying

factors. F and Cl were each increased by a factor of

twenty, Br by a factor of fifteen, and So by a factor

of ten. The four component analyte solutions were then run

through the conductivity detector. The results revealed

minimal overlapping. The same procedure was then followed

for the electrochemically detected anions I and SCN . Each

was increased by a factor of ten relative to the other and

then the chromatograms were run. The results revealed

"1 SN ~E'17= .4' .IAt Lb'.- ... .. 'T'ES S. 
.. _ ._ __ _ _ _

- - -
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partial overlap, but both anions could still be quantified

with correct standard preparation. This experiment showed

that any one of the six anions in the stock solution could

be present in at least tenfold excess over the others with

little impairment of the results.

In order to verify the measurement of lower concentra-

tions by this technique, the standard stock solution was

diluted by a factor of ten and by a factor of one hundred.

The ten fold dilution was as consistent as the original

stock solution. The only trouble that evolved from the

hundred fold dilution was that of the water dip, carbonate

dip, and background. In order to get a clearer reading of

the hundred fold dilution and decrease the noise, 1 mL of

a l0OX eluent solution was added per 100 mL of analyte

solution thereby minimizing the water and carbonate dips

(47). The results are shown in Table-IV.
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TABLE-IV

VARYING DILUTIONS OF THE STOCK SOLUTION

First Dilution Second Dilution

Anion
Concentra- S/N ratio Concentration S/N ratio
tion (ppm) (ppm)

Conductivity

F 0.3 46 0.03 34

Cl 0.3 37 0.03 off scale

Br~ 0.8 17 0.08 3

So2- 2.0 71 0.20 12
4

Electro-
chemical

Br~ 0.8 141 0.08 9

~ 1.0 33 0.10 6

SCN 2.0 28 0.20 6



CHAPTER III

ANALYSIS OF ORGANIC HALOGEN COMPOUNDS

USING THE Na FUSION-IC METHOD

The sodium fusion-IC method described in this chapter

provides a mechanism for the routine analysis of the halides

in organic samples. Seventeen compounds containing either

one or two halogens and eleven mixtures prepared by com-

bining sodium difluorochloroacetate, p-chlorobromobenzene,

and o-iodophenol in different weight fraction were analyzed

by this method. No difficulty was found in handling the

fluoro compounds and/or liquid compounds.

(A) Experimental Section

(a) Apparatus

(i) The Decomposition Vessel -- The decomposition vessel

consists of a 2-mL untreated ampule (KIMBLE), a l-Liter

thick-wall glass bottle (Wheaton 219180), an oven, a Bunsen

burner, and an analytical balance (Mettler H 30),

(ii) The Determination Equipment --. An ion chromatograph

(see Chapter II, Sec. A), and 25 mm diameter, 0.2 pm pore-

size membrane filters for filtration of the solutions are

27
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needed. The operating condition with all parameters are

shown in Table-II (see page 18).

(b) Reagents and Materials

(i) Sodium Metal - Metallic sodium weighing approxi,

mately 30-40 mg was used for each sample decomposition.

(ii) Organic Compounds -- Seventeen organic chemicals

were obtained for analysis and are listed in Table-V.

(iii) Solutions -- All solutions were prepared from

distilled-deionized water to minimize the background con-

ductance and to prevent clogging of the separator column

with particulate matter in the water. Standard solutions

of each halide including standard 1:1 fluoride chloride

mixed solutions were prepared at least five different con-

centrations. The concentrations of these prepared solutions

are listed in Table-VI.

(c) Procedure

Between 5 to 35 mg of sample was weighed into ampule

with an accuracy to +0.1 mg. A piece of sodium metal about

30-40 mg was cut until it was no longer covered with mineral

oil. The piece of sodium was then cut into 15 or 20 pieces

and these pieces were put into the ampule immediately. The

top of the ampule was sealed by Bunsen burner as quickly as

possible. If the sample is liquid and/or might react with

sodium at room temperature, place the sodium pieces in the
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TABLE-V

ORGANIC HALOGEN COMPOUNDS AND MANUFACTURERS

Compound Name

-- Ii

p-Bromoaniline

Bromophenol Blue

2-Bromopropane*
Bromotrichloromethane*

2 -Chloroace tami de

2 -Chloroacetophenone
(Phenacyl Chloride)

p-Chlorobromobenzene

Chlorodifluoroacetamide

- Chloronaphthalene*

p-Dichlorobenzene

2, 3 -Dichlorophenol

2 ,4-Dinitrofluorobenzene*
(98%)

o-Iodopheno 1

p-Iodotoluene

Naphthalene Tetrachloride

N-chlorosucci nimide

Sodium Difluorochloro-
acetate

Chemical Co.

J.T. Baker Chemical Co.

Matheson Coleman & Bell

Eastman Organic Chemicals

Matheson Coleman & Bell

Eastman Kodak Co.

Aldrich Chemical Co., Inc.

Eastman Kodak Co.

Pierce Chemical Co.

J .T. Baker Chemical Co.

Eastman Kodak Co.

Aldrich Chemical Co., Inc.

Sigma Chemical Co.

Eastman Organic Chemicals

Fisher Scientific Co.

Eastman Kodak Co.

Pfaltz Bauer, Inc.

(Not the original bottle)

*These compounds are in liquid

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

state at room temperature .

. 1 ...I ..... iMII I .I I _"_'"'II

., . .. .. .... W--
E
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TABLE-VI

PPM CONCENTRATIONS OF STANDARD SOLUTIONS PREPARED

Anions F Cl Br I F + Cl
(1:1)

Sources NaF NaCl NaBr KI NaF + NaCI

5 10 20 10 5

10 20 40 20 10

15 30 60 30 15

20 40 80 40 20

25 50 50 25

60 30

70 35

80 40

90 45

50
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middle of the ampule to keep the sodium away from the sample

and seal the top of ampule.

After the ampule was sealed, it was heated in an oven

at 280-2900C for approximately one hour or longer. It is

easy to determine if the ampule was sealed during heating

since most of the organic compounds reacted with sodium

fumes to form black or dark brown deposits. If there is

any white and/or light yellow spots on the wall of ampule

after it has been heated, there probably was a small hole

on the wall of ampule that wasn't sealed before heating.

The spots may be the oxides of sodium and the result of

this analysis should not be trusted. If the ampule is

broken during heating, it might be necessary to reduce sample

size.

One problem might occur during the chloride concentra-

tion determination from chromatograms using the normal eluent.

This problem is caused by a large amount of sodium in excess

of that needed to decompose the sample. The high concentra-

tion of sodium ions create a small response in the conduc-

tivity detector that is not clearly separated from the

chloride peak. A piece of sodium about 40 mg directly

dissolved in 250 mL blank absorbing eluent is shown in

Figure-3(a). Figure-3(b) illustrates how the large excess

sodium will affect the chloride analysis of p-chlorobromo-

benzene. However, a small amount of excess sodium is
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Retention Time (min)

Figure-3(a)

0 2 4 6 8 10

Retention Time (min)

Figure-3(b)

Figure-3 Chloride Interference due to Use of Excess Sodium

,
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necessary to make sure all the sample can be decomposed.

Usually, 30 to 40 mg of sodium cut into many very small

pieces can minimize this error.

250 mL of the standard eluent was transferred into a

clean, dry, 1-Liter thick-wall glass bottle equipped with

a cap having a piece of parafilm inside. The heated

ampule, after cooling to the room temperature, was placed

into the glass bottle and the top of the bottle was secured.

The bottle and contents were shaken vigorously by hand for

several minutes to make sure that the ampule was broken and

that the sodium halide was absorbed by the eluent. A clean,

5-mL syringe and a filter with a membrane filter were

flushed with the absorbing solution several times. The

syringe was then reloaded and injected to the sample loop

of the ion chromatograph by passing through the filter.

Thus, the sample loop was charged with the clear absorbing

solution which eliminated the solid residue products.

The sodium fusion-ion chromatographic analysis of

halogens in organic compounds is an efficient method of

analysis. The length of time necessary for the analysis of

one sample is less than three hours of which one hour is

the heating time and ten to thirty minutes for the ion

chromatographic analysis. The variation in time is due to

the additional time necessary for the determination of the

iodide ion. Since numerous samples may be heated simul-

taneously and a second set of samples can be prepared while
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the first set is in the oven, the time necessary for a

series of samples is relatively short. A single set of

eight to ten samples can be analyzed in approximately six

to eight hours without much difficulty.

(B) Results and Discussion

The concentrations of halide ions in the absorbing

solution were obtained by comparing the relative peak

heights with the calibration curves from their standard

solutions. The calibration curves of fluoride, chloride,

and bromide are shown in Figure-4 and of iodide in

Figure-5. It must be noted that the response of the

relative peak height at high iodide concentrations is a

curve rather than a linear relationship. In normal condi,

tion, the high fluoride concentration might have a tailing-

effect on chloride response if both ions are contained in

the same solution (48,49). This effect will reduce the

resolution between fluoride and chloride, and affect the

chloride peaks resulting in non-linear response. However,

using standard calibration curves made from fluoride-

chloride mixed solutions can minimize the error from the

calculation of chloride concentration. The fluoride-

chloride calibration curve with 1:1 ppm ratio is shown in

Figure-6.

I Room iWWR I IN -IM I* IN
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25

x: F in mixed solution

4: Cl in mixed solution

*: Cl in standard
solution without F

20

15 -
i/

4J /

- 10 -

a/
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1 5 7

r-\

r$

0 5 10 15 20 25 30 35 40 45 50

Concentration (ppm)

Figure-6 The Calibration Curves of F and Cl

with 1:1 ppm Ratio
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The quantitative results are obtained by the following

calculation:

mg of halogen - ppm halide found (mg/L) X volume of solution(mL)
found in sample in absorbing 100 mL/L

solution

The volume of absorbing solution need not be 250 mL, it

may be 100 mL or 500 mL depending on convenience and con-

centration of halide analyzed.

Fluoride, chloride, and bromide ions can be easily

detected by conductivity detector following the suppressor

column in ion chromatography, therefore, a total 300 mm fast

run anion separator column with a suppressor and a conduc-

tivity detector are suitable to determine these three halogen

ions in absorbing solution. If the absorbing solution con-

tains only iodide ion, the electrochemical detector should

be placed immediately after a 50 mm pre-column. An optimum

potential (50), 0.2 V, for iodide detection is applied using

a silver electrode. The results of the analysis of organic

compounds containing only one halogen, heated with sodium at

280-290 0C, are presented in Table-VII.

There were three reasons for choosing the heating

temperature in the range of 280.290 C: (i) All the pre-

pared compounds will melt under this temperature range. The

highest melting-point compound in Table-VII is bromophenyl

blue (270 C) . (ii) Most ovens can reach this temperature

.



TABLE-VII

THE ANALYSIS OF ORGANIC MONOHALO COMPOUNDS

Compound % Theory Weight % Found I Mean Notes
P in mg { (R.SD)

2, 4-Dinitro.
fluorobenzene
(98%)

2-Chloro-
acetamide

2-Chloroaceto-
phenone
(Phenacyl
chloride)

1 -Chlorona-
phthalene

p-Dichloro
benzene

10 .21(F)

37.91(Cl)

22.93 (Cl)

21.80 (Cl)

48 . 23 (Cl)

15.4
17.8
19.8
23.3
23.5
31.0

15.3
18.2
20.3
27.7
32.4

18.3
19.6
28.7
32.1
32.6
32.9

11.7
14.1
15.6
18.4
22.4
29.2

15.3
20.0
20.2
20.4
26.4
27.8
35.3

9.56(F)
9.10(F)
9.18(F)
9.37 (F)
9.43(F)
9.33(F)

38.63(CI)
36.51(CI)
36.79 (Cl)
38 . 27 (Cl)
37.04 (Cl)

22. 64 (Cl)
22.95 (Cl)
21.92 (Cl)
22.30 (Cl)
21.62 (Cl)
22. 41 (Cl)

21.00 (Cl)
20.55(C1)
20.61(CI)
20.03 (Cl)
20.06 (Cl)
20.36 (Cl)

46 .18(C1)
46.19 (Cl)
45.20(Cl)
45.96 (Cl)
46.84(CI)
47.61(CI)
47.89 (CI)

9 . 33 (F)
(1.79%)

37.45 (Cl)
(2.52%)

22. 31((CI)
(2.16%)

20.44 (CI)
(1.80%)

46 . 55 (Cl)
(2.05%)

Heating
time:
1 hr
(liquid)

Heating
time:
1 hr

Heating
time:
1 hr

Heating
time:
1 hr
(liquid)

Heating
time:
1 hr

3 9
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TABLE -VI I .continued

THE ANALYSIS OF ORGANIC MONOHALO COMPOUNDS

Compound % Theory Weight % Found Meany in g (RunsD)ean Notes 

2, 3-Dichloro--
phenol

2, 3-Dichloro-
phe nol

2, 3-Dichloro-
phenol

Naphthalene
Tetrachloride

N-chloro-
succinimide

43.50 (Cl)

4143.50 (CI)

43.50 (Cl)

53.32 (Cl)

26.55(Cl)

10 .1
12.4
16 .3
18 .5
21.9

7.2
7.5

12.0
14.4
15.3
15.5
17.0
18.3

7.1
8.5
9.1

11.7
15.1
16.3

7.1
7.7
8.3
8.5

11.5
16.7

12.3
14.1
17.8
21.6
24.9
29.4

25 . 57 (Cl)
29 .52 (CI)
23 . 76 (Cl)
27 .12 (Cl)
23.29 (Cl)

42.60 (Cl)
41. 77 (Cl)
37.79 (CI)
39.01 (Cl)
34 .48(CI)
34 .16 (Cl)
39.29 (CI)
36 .89 (Cl)

43.10 (Cl)
41.76(Cl)
419 8 (CI)
41.26 (Cl)
40.93(Cl)
41.96 (Cl)

49.54 (Cl)
51.46 (Cl)
50.21(Cl)
49 .59 (Cl)
50.54 (Cl)
50.00 (Cl)

25.33(Cl)
25.20 (Cl)
24.69 (Cl)
25.20 (Cl)
25 .02 (Cl)
25 . 72 (Cl)

25 .85 (Cl)
(9.88%)

38.25 (Cl)
(8.03%)

41.83(Cl)
(1.79%)

50.22(Cl)
(1.42%)

25.19 (CI)
(1.35%)

Heating
time:
1 hr

Heating
time :
6 hrs

Heating
time:
10 hrs

Heating
time:
1 hr

Heating
time:
1 hr
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TABLE-VII continued

THE ANALYSIS OF ORGANIC MONOHALO COMPOUNDS

Compound % Theory Weight % Found Rea Notes

N-chloro-
succinimide

p-Bromo-
aniline

Bromophe nol
Blue

Bromophenol
Blue

2-Bromo-
propane

o-Iodophenol

26 . 55 (Cl)

46.45 (Br)

47.71(Br)

47.71(Br)

64.96 (Br)

57.68(1)

12.7
18.2
20.0
23.4
26.4
26.5

15 .3
24.0
28.8
32.8
34.6

18.1
22.3
25.4
25.5
28.6

11.2
12.6
14.6
15.7
20.9
22.2

6.9
11.1
15.2
15.2
16.3
17.1
17.2

9.8
10.9
12.5
14.4
20.8

25 .69 (Cl)
24.27(Cl)
24.70 (Cl)
24.79(Cl)
24.68(CI)
24.92(Cl)

46 . 27 (Br)
45.05(Br)
45.74 (Br)
44 . 28 (Br)
45.60 (Br)

35.46 (Br)
35 .85 (Br)
30 .35(Br)
27.39 (Br)
27 .0l(Br)

45.60 (Br)
46.19(Br)
47.43 (Br)
48.39 (Br)
46.85 (Br)
48 .76 (Br)

66.05 (Br)
67.05(Br)
66 .33 (Br)
65.41(Br)
65.15 (Br)
64 .42(Br)
65.04 (Br)

57.93(I)
57 .5.7 (I)
55.96(1)
57.27(I)
56.74(I)

24 . 84 (Cl)
(1.89%)

45.39 (Br)
(1.67%)

31.21(Br)
(13.65%)

47.20 (Br)
(2.61%)

65.64 (Br)
(1.36%)

57.09(1)
(1.35%)

Heating
time:
6 hrs

Heating
time:
1 hr

Heating
time:
1 hr

Heating
time:
6 hrs

Heating
time:
1 hr

Heating
time: 1
hr (50
mm pre-
column
only)



42

TABLE -VII continued

THE ANALYSIS OF ORGANIC MONOHALO COMPOUNDS

Compound % Theory igaFoundDn Notes

p-Iodotoluene 58.20 (I) 4 .9 56.17 (I) 56.82 (I) Heating
14.1 58.23(I) (1.71%) time: 1
14.2 56.39(1) hr (50
15.0 55.72(I) mm pre-
17.0 56.63(1) column
21.9 57.76(I) only)

,x .
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range without difficulty. (iii) It will prevent the 2-mL

sealed ampule from exploding if the sample is not suitable

for reacting with sodium fumes at higher temperature or if

too large a sample was used (over 30 mg).

Most prepared compounds can be successfully decomposed

at this temperature range for one hour heating. A few

organic compounds, as long as the heating time is extended,

can still yield good results, for instance, 2,3-dichloro-

phenol and bromophenyl blue in this experiment. After

complete decomposition, the relative standard deviation

should be very small, if not, longer heating time will be

required.

Polyhalogenated compounds are usually more difficult

to decompose than monohalo compounds (5), therefore, fusion

methods have been recommended for the mineralization of

such substances containing two or more halogen elements.

The results of the analysis of p-chlorobromobenzene by Na

fusion-IC method at 280-290 C are presented in Table-VIII.

One chromatogram of the analysis is shown in Figure-7.

The details and results of the other three polyhalo com-

pounds are shown in Table-IX.

Eleven individual mixtures were prepared from sodium

difluorochloroacetate, p-chlorobromobenzene, and o-iodo-

phenol. The variations of each component weighed in

mixtures are shown in Table-X. In this section, a complete
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TABLE-VIII

RESULTS OF ANALYSIS OF COMPOUND CONTAINING BOTH CHLORINE

AND BROMINE BY USING ION CHROMATOGRAPH

Compound: p-Chlorobromobenzene

No. Weight in mg % Cl Found % Br Found

17.3

22.8

23.3

25.2

25.6

26.0

26.2

28.0

29.4

30.2

31.7

32.0

34.0

35.0

39.3

39.5

39.9

41.7

47.2

17.88

18.22

17.81

18.47

17.82

18.31

17.91

18.10

18.30

18.20

17.88

18.04

18.41

17.96

17.74

17.39

18.40

18.34

18.46

40.61

40.87

40.95

42.34

41.77

41.44

41. 59

40 . 22

41.88

41.81

41.18

40.62

41.02

40.24

40.14

41.53

42.02

41.44

41.15

Theoretical % in Compound 18 .52 41.74

Average % Found 18.09 41.20

Standard Deviation 0.29 0.6 4

Relative Standard 1.63% 1.56%
Deviation

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19



Sample:

Heating temp:

Heating time:

Weight:

Br recovery:

Cl recovery:

p-Chlo robromobenz ene

Br Ci

280-2850 C

1 hour

41.7 mg

99.28%

99.03% Cl

0

0J

"n

H

IC parameters:

35% pump power

460-480 psi

50 pmho

0.5cm/min chart speed

Br

4

4 6 8 10 Min.

Figure-7 Analysis of p-Chlorobromobenzene
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TABLE-IX

THE ANALYSIS OF ORGANIC POLYHALO COMPOUND

Compound % Theory eight t % Found Mean Notes

Bromotrichloro-
methane

53.64 (Cl)
40.29(Br)

Chlorodifluoro- 29 .34 (F)
acetamide 27.38(C1)

Sodium
Difluoro-
chioroacetate

24.92(F)
23.25(Cl)

52 . 24 (Cl)
40 .97 (Br)
51.63(Cl)
40.00(Br)
50.92(Cl)
40 .58 (Br)
52.48 (Cl)
41.53(Br)
52.31 (Cl)
39 , 88 (Br)
51.62(CI)
40.10(Br)
50.68 (CI)
40.01(Br)

28.33(F)
26 .33 (Cl)
28.51(F)
26 .36 (Cl)
28 .10 (F)
25 .84 (Cl)
28.49(F)
26 . 31 (Cl)
28 . 22 (F)
26 .65(Cl)

23.14(F)
22.05 (Cl)
23.79 (F)
22.42(Cl)
22.69 (F)
22.63(Cl)
23.11(F)
22.65 (Cl)
23.63(F)
23.53 (Cl)
24.32(F)
23.53(C1)

51.70 (Cl)
(1.35%)

40.44 (Br)
(1.53%)

28.33(F)
(0.62%)

26 .30(Cl)
(1.28%)

23.45 (F)
(2.48%)

22.80(Cl)
(2.65%)

Heating
time:
1 hr
(liquid)

Heating
time:
1 hr

Heating
time:
1 hr

9.5

10.9

11.2

11.6

12.1

12.5

13.7

13.3

13.8

17.0

22.9

30.8

10.1

12.8

15.6

16.3

17.5

18.0

-- I. 4--I- -!
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TABLE--X

THE WEIGHTS OF COMPONENTS IN MIXTURES

Unit: mg

Sodium Di f luoro- p-Chlorobromo-
No. chloroacetate benzene o-Iodophenol .Total

1 6.0 7.9 5.4 19.3

2 8.3 8.0 9.9 26.2

3 7.9 10.0 7.0 24.9

4 4.4 6.7 11.9 23.0

5 15.1 12.5 11.7 39.3

6 3.3 11.4 6.2 20.9

7 11.7 11.5 10.4 33.6

8 5.2' 7.1 6.7 19.0

9 11.8 5.5 10.6 27.9

10 8.1 8.4 6.6 23.1

11 6.6 12.5 6.3 25.4
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analysis of all four halogens in an organic sample was made

by using the sodium fusion-IC method. The ion chromato-

graphic technique used here was previously described in

Chapter II. The results are tabulated in Table-XI and the

chromatogram of the first mixture is shown in Figure-8 as

an example.

Four liquid organic halo compounds have been analyzed.

They are 2,4-dinitrofluorobenzene, l-chloronaphthalene,

2-bromopropane, and bromotrichloromethane; and their boiling

points are from 59.4 0 C to 2630 C. The chemical reactivity

and the high vapor pressure of liquid compounds presented

an interesting problem in sampling. These four liquid

compounds have proved amenable to the sodium fusion method.

Nitrite and nitrate were thought to be the potential

interferents because their retention times in ion chroma-

tography are similar enough to that of chloride and bromide

that the peaks usually overlap to some extent (48). However,

these ions have never been observed after using sodium fusion

to decompose the organic samples containing nitrogen atoms,

even 2,4-dinitrofluorobenzene after being decomposed by

sodium fumes.

(C) Summary

The results of the analysis of the seventeen organic

halogen compounds are summarized in Table-XII. The average

recoveries of halogens in these completely decomposed
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organic compounds ranged from 91.38 to 96.56% for fluorine,

93.56 to 98.79% for chlorine, 97.57 to 101.04% for bromine,

and 92.50 to 99.13% for iodine. One advantage of this

method is that a doubtful result from the first analysis of

a sample may be checked with a second analysis at a longer

heating time, or a higher temperature, or both to be sure if

complete decomposition has been achieved.

All these compounds have been analyzed at least five

times with different sample weights. The relative standard

deviations are lower than 3% for each compound analysis,

except partially decomposed conditions. Since all these

compounds here have been analyzed on a semimicro scale, it

is also believed that a micro scale analysis can be accom-

plished by sodium fusion-IC method. Under these conditions,

it must be noted that pump noise and temperature drift are

the major factors affecting the ion chromatographic detec-

tion limit (51), and a more accurate weighing device and a

torch that can supply a higher sealing temperature flame

than Bunsen, burner are recommended,
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