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The Halide Meter — The Myth and the Machine

G. 0. NELSON -

Lewrence Radiation Laboratery, University of Catifornia, Litermove, California 94551

@ No cvidence has been found to support the belie{ that the halide meter operates

on the copper or copper-halide cxcitation principle. Rather, it is a2 more subtle
mechanism, involving enhancement of the nirrozen band spectra in the presence of a
halogen. The clectrode material used serves only to conduct clectric current. A stain-
less-steel and platinum electrode systemn along with an ultravialet transmitting filter

has been proposed which increases the
calibration by 50 te 100 times.

Introduction

™ HE SPARK-TYPE halide meter has been
used for more than a generation to mea-
sre the roncentration of halides and halo-
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beea used with good success to detect chlori-
nated hvdrocarbons, but shiows progiessively
less recponse to biominated, iodinnted, and
frorinawd materials.  The ability of the
halide meter to respoi.d io any halogen has
aluays been based on the theery of halogen
interaction with a copper elecuode and sub-
sequent copper excitation in a spark source.’
However, in spertral studies which have been
undertaken, the evideice coilected does not
cupjort this theory,

Faperiments were cenducted to ascertain
the entssion spectrum of the halide mete
wpark in the vsible and wloayioler regons
Several interesting and  guite unexpected
plenomena were observed: (1. No detect-
able copper lines or copper haiide bands
were noted at relatively high halegen coneen-
trations of 2000 ppm: {2* halide meter read-
inzs could he obtained with 2 number of
other mictaliic electredes which cuntained no
the sarne basic

detectable copper: {3
spectrum wis aluways olserved, no matter
what electrode materizl was used or what

Wusk performed under the

e of the U8 Aremic
Inee Lo mane u,

sensitivity foutfold and the lengevity of

halogen was sampled. Only the intensity of
the bands changed when halogens were
sampled.

The purpose of this study was to identify
the spectrum produced, and 0 propuse a
more appropriate mechanism responsibie tor
halide meter operation. A better understand-
ing of the operational parameters has led to
"several changes in the clectrode and optical
filter- system. These alterations have made
possible large increases in sensitivity, stability,
and longevity of calibration.

Experimental Procedure

The spark spectrum produced in air and in
air-halogen miswres was measured and re-
corded graphicaily Ly the apparatus shown
in Figwe 1, "The shutter and gieen filter were
removed from the halide meter and poplaced
with 2 quartz window. Light from the spark
chamber passed through the window inte a
0.23-meter Janreil-Asiv Ehert monochromator
(62 10 110 A The monochromator craung
angle was changed with a de uming netor
powerced by a 30U~ olt vanable power sunnly,
The motor was a0 attached 10 a vanabis
potentiomueicr (voltage divider  which couid
alter the veltage fromm a 6-velt batiery as it
rotated.  Thiis voltave change was the shred
to the vaaxis (wavelenzth) on an v-y recorder

Monodhromang ight, exiting from the mo-
nachromator, was detected by on EA 1295365
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Frovse 1. Black diagram of equipment used to obtain halide meter spectral
data.
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Frcure 2. Spectra generated bv halide meter spack in the presence of HCCI,,

HCBr, CHLI, §Fs, and air.

photomultiplier tube powered by a John
Fluke 412A high-voltage dc power supply.
The signal from the phototube (intensity)

. was amplified by a Keithley 410 micromicro-

" ammeter and sent to the y-axis of a Varian

F-80A x-y recorder. With this technique,
light intensity versus wavelength (300 to 600
myu) could be plotted simultancously on the
recorder,

A more precise spectral identiication of the
spectra was performed with a J.tameter fJars
rell-Ash emission spectrograph. ‘lhe halide
mneter was used as a source excitation unit.
Light from the spark chamber was collected

e e [

on photographic plates after a 30-minute ex-
posure tine. An iron pin was ignited with
the regular Jarrell-Ash source unit. Since the
iron emission lines are well known and ac-
curately tabulated, accurate positions of the
experimental lines or bands could be found.
The dispersion of this system, 3 A/inm,
vielded accurate bandhead positions to =1 A,

Spark Spectra Produced from Halide Meter

Spectra were obtained from the halide
meter spark source by using the usual platis
nutn and copper clectrode couple. Various
halogenated and nonhalogenated hyvdrocar-
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FIGLRE 3. Photograph of halide meter spark spectra with various clectrodes in air and air—
Freon 12 mixtures. Line 4 is the reference iron pin. Lines B and C are the spectra from
platinum and copper electrodes in air and 1000 ppm Freon, respectively. Lines D and E are
the spectra from platinum and stainless-steel electrodes in air and 1000 ppm Freen 12, Lines
F and G are the spectra from two platinum electrodes in pure nitrogen and oxygen, respcc-

tively.

bons were sampled. Figure 2 shows the spectra
obtained when air, 500 ppm HCCl,, 500 ppm
HCBr,, 600 ppm 8F,, and 2500 ppm CH,I
wete sampled by the halide meter. Note that
no new spectra have arisen, even though the
halogen species sampled had changed. The
only process observed was the intensification
or enhaneernent of the air specira. Other ma-
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ZOO() ppm (‘\'O \H,, NO, Hg, S0., ace-
tone, benvene, and propane) but only 50,
vielded a slight increase in spectral intensity.

A numnber of other electrodes were sub-
stituted for the platinum and copper combi-
nation. and several of these aie shown in
Tables T and 1I. All the electrodes used
vielded the same basic spectra in approxi.
matiely the same intensity as did the platinum
and copper clectrodes shown in Figure 2.

Identification of Spark Spectra

With the halide meter used as a source unit
{except for the iron reference pin), accurate
spectral photographs were taken with the 3 4-
meter spectrograph, Air air—gas mixtuies,
nitogen, and oxygen were photographed: a
typical seament of the results 5 shewn in
Fizwre 3 The wop hne (4Y is the reference
ennssion spectrum from the iron pin. Lines
B and € are the sprcua for air and 1003
ppm Freon 12, jespe «ctively, using a platinum
and copper electrode couple. Lines 12 and E
are the respecsine spectra from an and 1000

ppm Freon 12, using platinum and stainless-
steel electrodes. Spectra from pure nitrogen
and pure oxvgen are shown in lines ¥ and G.
Note that: (1) No new spectrum appears
even with the introduction of relatively larae
amounts of Freon 12: (2) the same spectra
are produced from the copper and stainless-
steel electrodes: {3) only band spectra are in
avidence indicatine that the obscrved phe-
nomena are primarily molecular rather than
atomic; (4) all observed bandheads were
classified as anising from excited nitrogen or
N.* molecules® and correspond in position to
those lines produced fram pure nitrogen in
line F; and (3) oxvgen does not contribute
significantly to the overall spectrurm.

Some copper (3247 A and 3274 A) and
platinum (2659 A, 2702 A and 2706 A) lines
were observed, but they were outside the
spectral range of the photodetector. Other
photographs were taken using both gold and
platinum clectrodes, but again the only spec-
tira identified were those arising from nitro-
gen or ionized molecular nitrogen, The pres-
sence of halogen only increased the intensity
of the spectium.

Mechanism of Halide Meter Operation

From the specrrographic data obtamed.
onv must sugaest 4 mechanism vastly duffer-
ent from the copper atom or (‘oppuvx' hahde
molecule excitation theory. No evidence has
been seen to indicate that there is sutficien:
excitation of the copper or copper halide 1o
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produce enough radiation to be detected.
True, copper lines are casily visible on emis-
sion <|)LC|.I'O"I‘21[Jh photr)'vm|)hlr plates. TTow-
ever, under the low-amperage conditions of
the halldc meter (18 mA), copper excitation
is not the major process. It can also bhe re-
membered that copper  halides, cspecially
CuCl, are readily observable in flames (Bwl-
stein test). However. spark spectra are often
vastly different from flame emission spectra.
and CaCl has been observed in a spark only
under specialived conditions of high vacuum
in discharee tubes® CuF and CuBir have
never been observed by any means over the
spectral region in which the meter operates.?

The domimant halide meter process present
is ionization and excitation of the nitrogen
molecules. Tt is the nitrogen spectrum upon
which the meter is zeroed for background
reading, and it is intensification of the nitro-
gen spectrum by the halide which causes the
mcter to respond. The exact role the halide
plays, however, is mysterious and incomplete-
v undcrstood.

One series of experiments has indicated
that the halogen mught dxrcctly interact with

P I ,
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used to 7ero the instrument instead of air, and
when 100 ppm chlorine gas in nitrogen was
sampled, the meter responded in the char-
acteristic manner. This would indicate that
water, oxygen, carbon or its oxides, and other
trace elements normally present were not
nceded as intermediates in whatever energy
transfer process might exist. From this it
would seem possible that the halogen acquired
additional energy from the energetic electrons
passing through the air space between the
electrodes. This energy was then passed on
to the nitrogen molecule through collisional
processes, and finally was lost as radiation.
This radiation was the increased nitrogen
spectrum observed by the phototube of the
halide meter.

There are other aiternative explanations,
but most of them are also lacking in suppoit-
ing experimental evidence. Many theories, in
fact, predict that quite the opposite phenom-
enon will be observed; that is, the nitrogen
spectrum will be depressed rather than in-
creased in the presence of a halogen. For

- I e e o T VPR

Tanre
Effcet of Elecirode Material on Hahde Meter
Responee to 100 Ppm Freon 12

B Electrade Resp e

Upper Lower  Signal (8% Noise ()b LVAY
Platinum Copper S 7 12
Copper Copper 13 4 11
Platinum Stamless steel 33 2 18
Stainless Steel  Stainless steel 37 5 7
Platinum Tungstent 33 23 "
Tungstend Tunysten W0 3 [
Platinum Rraw 33 13 ha
Brass Brass +H 9 ]
Platinum Platinmn 33 ¢ 17
Gold Gold 34 2 17
Platinum Aluminum® 28 4 7
Platinnm Carbom W [ 5
Platinum Tantalum! — - —
Plataiam Molvhde num 7 7 1
Platinum Iron 37 4 14

3Reading on meter when 100 ppm Freon 12 was samphd.,
bBarkground Auctuations when atr onlv was samp'ed,

Yellow powder (WO: or WOCL) formed an tungsten
electrode

dUpper electrode iwnitnd and burned after about 3 minutes
of sampling

tAluminin elcetrode ignited and buraed after 14 minutes
of wampling. .

fTantalum clectrode ignited imme~diately upon spak  ac-
tivation.

n\ar-nnln it ie wall L #hat fna e cndae

ture, the gas with the lowest ionization poten-
tial mll ionize and exite the easicst, How-
ever, in the mixture of nitiogen (13.5 volts:,
oxvgen (125 wvolts), and chlorine (132
volts), the amount of nitrogen iorratinn and
excitation increases as the chlorine concery
tration increases. This is just the opposite of
what is predicted by the ionization potential
data,

Effect of Electrode Material

Twenty-one pairs of electrodes were sub-
stituted in the halide meter. The response to
100 ppm Freon 12, the background noise.
and the ratio of these two values are tabu-
lated in Table I for fifteen pairs of electrodes.
Note that all the electrodes, except those
which ignited at the high spark temperatures
(1100°K), gave a meter reading. It can also
be scen that the best signal-to-noise ratios
were achieved when a relatively inert mate-
rial (platinum or gold) was used as an upper
electrode. Platinum and gold greatly decrease
the amount of oxide formation, which causes

- [ - mmem an = R
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TasrLe 11
Effect of Various Filters on Halide Meter Response to 1% Ppm Freon 12®
Filter
Electiodes 1,G-5b 4760 7-6im 5 60 H. M. Ft

“Upper Lower S N /N S N SN S N SN § N SN § N SN
Poanum  Stanles steedl 70 15 47 15 05 30 3 10 37 m 05 40 47 25 _ 19
Platinum Alumet 5% 15 39 14 05 28 32 15 71 14 A5 W 40 15 7
Nickel Nickel %20 0 17 10 17 MW 15 23 )2 05 M 40 15
Platioum Gold 5% 25 20 ;3 8 B 2 1 17 1 17 W 15y
[Hat e Matinm 0 35 il 15 05 30 43 2.5 17 20 0.5 10 56 25 22
Piatinum Capper 75010 75 122 6 44 2 2 3 7051 40 13

a Readings generated by an ROA phototube cxhibiting 54 type spectral response.

» Gehotr & Gen filter, 23 mem, maximum trapsmicion at 325 mu (8077) and 725 ma (5077) \:ﬂlh lem tham
0.17% transmission from 425 to 680 wn  Spectral characteristics similar t> Corning filter No  7-3H,
¢ Corning hlter, 30 mm. maximum transmussion at 480 mu (8064), etfective band width 373 to 375 ma.

d Corning fAlter, 4.6 mm, mavimum transmission at 330 ma (707%), (ffective hand width 325 to 300 A smaller
band sls0 appedrs with a4 wmasunum transmission at 740 ma (100%) and an effective band wudth from T to

TH) mu

¢ Corning filter. 4.7 mm, maximum trausmission at 420 (65¢%),

effective hand width {rom 780 to 4H) mg.

! Halide meter filter supplied with the instrument, 3.0 mm, maumum transibission at 420 (70%). efective

bind width from 180 to 460 ma.

® §—agnal {rom I00 ppm Freon 12; N—background noize with on Freen 12 being sampled, S/ N —stgaal-toe

nn'se ratio.

nnar electrical conduction and high back-
ground noise levels.

The copper electrode used in the halide
meter is a rather poor choice. Under the ex-
treme conditions of electrical discharge, the
halogens are present in a highly reactive
state. They attack the copper electrode and
form a copper halide which coats the filter,
stits, and electrodes. This changes the gap
distance, which disrupts the longevity and ac-
curacy of the calibration curves.

Comparative weight loss data for copper
and stainless-steel electrodes were studied
when 0.5% Freon 12 was sampled for 30
minutes, The copper electrode lost 6.3 mg
and 0.9 mm of length, while a stainless-steel
electrode lost only 0.08 mg with no discerni-
Lle reduction in length. This would indicate
a life of up to 50 to 100 times as long as that
of the copper electrode.

Effect of Yarious Filters

Maximiim sensitivity could be improved if
those regions which showed the yreatest en-
hancement could be better optically isolated
from those areas in * hich few or no bands
were present. The ultraviolet region (300 10
425 mp) seemed to be one of the more prom-

ising areas 0 study. Four Glters were tried in
an attempt {0 UMProve (He MCuaitvity., 1 wes
were substituted for the one supplied in (he
comunercial instrument; the comparative re-
sults are shown in Table TI. Meter response
(signal) to 100 ppm Freon 12 and back-
ground (noise) were measured, and the sig-
nal-to-noise ratioc was calculated for various
electrode pairs. The UG-3 filter, in general,
gave not only the best signal but the best
signal-to-noise ratio as well.

Effact of Both Filter and Electrode Material

Table IT also shows the effect of both elec-
trode and hlter on meter response. "The best
combination is the platinum upper and stain-
less-steel  (soft-tempered, 0.031-inch diame-
ter) lower electrodes with a Schott and Gen
UG-5 (or Corning 7-34) filter, Typical re-
sponse curves are shown in Figures 4 and 5.
Figure 4 is the response to 100 ppm Freon
12. Note that the backgiound noisz level 15
three times as high und the <ignal is about
30¢; lower when the platinum and copper
electrodes are used with the regular filter.

Figure 3 shows an cven more striking com-
parison when methyl iodide is sampled while
the platinum and copper electrodes are uszd.
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A swaller Ficire 4. Halide meter response curve to 100 Ficvre 5. Halide meter response to 1000 ppm
m 720 to ppm Freon 12. Air background is measured from  CH:I. Background is observed from time 4 to B.
time 4 to B. The Freon 12-air mixture is sam- CH:l is sampled at B and reaches maximum meter
} ma, ) pled ar 8 and reaches maximum scale reading at reading at tume €. At time D pure air is sampled,
effective time C. Note greater response and lower back- and the original background observation is reached
) ground noise when the stainless-sieel electrodes at E. Note erratic and inconsistent results when
~signal-to- and UG-5 filter are used. the platinum and copper electrodes are used with

the halide meter filter.

The meter reads about 4 pA when the con. useful even at a commmm ely hlgh concen-
taminant is introduced. but gradually drops tration. ine pml.ulum AHU SLAIIIGI=3LTC] Cit-
to zero even while the methyl iodide is being  trode-UG-3 filter svstemr. however, proved to
sampled. The meter drops below vero when be extremely stable and demonstrated useful
fresh air is again sampled, but it returns to  response characteristics.

the approximnate original base line several Figure 6 gives an overall indication of the
minutes later. Clearly this systen was not response gains when the stainless-steel elce-

rers were ried in
«nsitivity. Filters
¢ supplied in the
© coruparative re-
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Fwcure 6. Halide meter calibration for halides using various conditions. Graph A4 was ob-
tained under nermal conditious. Graph 8 shows the wain in response and dinunution of back-
cround when 2 stainless-steel electrode and UG-5 filter are used. Graph € shows the true
sensitivity gain mver the conditions in 4 because the noise levels have heen equated.
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trede and a UG-3 filter are used to detect the
various  halogens with the halide meter.
Graph 4 shows a calibration curve under
the standard instrument conditions. Graph B
shows the increases in sensitivity obtained
when a stainless steel electrode and UG-5
filter arc used. The same elecurode and filter
conditions are used in obtaining graph C,
except that the slits were opened to approxi-
mate the noise conditions encountered when
the platinum and copper electrodes were used
with the halide meter filter. This gives a
truer indication of response gains when elec-
trode and filter substitutions are made. Note
that the new conditions increase the response
fourfold for chloroform, bromoform, and sul-
fur hexafluoride. Methy! iodide was easily
detected, whercas platinum and copper elec-
trodes vielded erratic results.

Conclusions

No evidence has been found to support ths
beliefl that the halide meter operates on the
snpmar v eanner halide exatation principle.
Rather, it is a more subtle mechanism in-
volving an incompletely understood halide in-
teraction with the nitrogen molecule. In the
presence ot the halide, the nitrogen spectrum
becomes more intense, and the photodetector
responds to this enhancement.  The only im-

November-December, 1968

portant qualification of the clectrode material
is that it produce a smooth, stable spark and
be reasonably resistant to halogzn gases.

Experiments have shown that with a plag-
num and stainless-steel electrode couple and
an ultraviolet filter system, a manvyfold in-
crease in sensitivity is often realized. Some
selvents. such as methyl iodide, could not be
clearly measured with a platinum and copper
electrode couple. However, with stainless
steel, as an electrode material, such matenials
are easily and accurately detected. Some non-
halogenated materials such as sulfur dioxide
and other sulfur derivatives could be mea-
sured as well.

Stainless-steel electrodes have been found
to increase the longevity of calibration by 50
to 100 times because of their resistance to
spark decomposition products. These elec-
trode and filter changes have made it possi-
ble to measure all halogens more accurately
and thus greatly increase the general rehabil-
1ty of the instrument,
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Dictionary of Mining and Mineral Industry Terms

A coumprehenave dictionary of mineral science and technology, published
by the Interior Department’s Bureau of Mines. has been placed on sale by
the Suputintendent of Documents. UL S, Government Printing Office. Titled
A Dictronary of Mimng, Mwmeral, and Related Terms, the 1269-page volume
contains approzimately 130,000 defininons for some 35000 separate entries.
Included are scientific and engincering terme. words common to particular
mincial-producing localities or revions, and abbieviations generally used in
the technical literature on minctal technology  published  throughout  the
Enclish-speaking countrics of the world. Price of the new publication is $8.50.

Up-to-date definitions reflect changing usage of older terms as well as addi.
tons to the vocabulary. but some older definitions, considered to be of value
in historical research. ae also included. The authornv or sowde for each
definition is provided. giving an indication of the tine and place in which
the tcrm was first used. The bulh of the entries relate 1w metal and (oal mining,
metallurey, glassmaking, ceramics and clavs, and minerals

quartyving, geolon,
and rochs of economie sigmificance.

A Diwctionary of Minine, Mowcral, and Related Terms was compiled and
edited by Paul W, Thiush and the Stull of the Burcau of Mines, A copyv of
the dictionan can he purchased frons the Superintendent of Documents, U, S
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