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ABSTRACT

During the past quarter, an additional eleven’ stress
corrosion cracking (SCC) tests were performed _The main objective
of the majority of these tests was to establish concentfation
levels of NO and protonated specles that might be critical to
the occurrence or inhibition of SCC. This work was made possiblev
by the moderately successful scale~-up of a laboratory dehydration
unlt for the production of 1 to 1,5 liters/hour of dried NoOl,
énd was added by a major analytical breakthrough in the measurement
and characterization of the protonated species in NpOh.

The test data showed a definite interdependency between
combined NO and protonated species concentrations with regard to
the production of sce. Dehydrated samples of RR NoO4 caused
cracking. The addition of 1,600 ppm. of 99% HNO3 to dehydrated
NpOy did not change the cracking behavior. Additions of NO to
dehydrated and normal RR NpQy showed that the dehydrated samples
‘required more NO (>500 ppm.) to inhibit SCC than did the normal
samples (150-200 ppm. ). |

| The major analytical breakthrough referred to above involves
the use of near-infrared spectrophotometry for the characterization
and measurement of the various protoneted specles in NoO4. In the
spectral region of 1.3-2.0u., the following absorption bands have

been observed and assigned:

1.405 H20 OH stretch overtone
1.45 HNO2 OH stretch overtone
1.47 HNO3 OH stretch overtone
1.90 HpO OH stretch - HOH deformation

combination
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The 1.405 and 1.90um bands are characteristic, well-resolved bands.
The absorptlons at 1.45 and 1.47p overlap significantly so that it
is difficult to detect and/or determine small amounts of HNOp in
the presence of larger amounts of HNO3.‘ The use of multicomponent
spectrophotometric techniques or computer-based mathematical
treatment will be required for complete analysis. For the first
time, the direct qualitative and quantitative characterization of
the protonated compounds in NoOy appears possible,

Preliminary application of the near-~-IR method indicates
that RR NpOy contains only HNOz, while Gg NpOy contains HoO,
HNOp, and HNOz. The latter equilibrium mixture changes
composition when HpO, NO, or Op 1is.added and when the temperature
1s changed. The method has been calibrated for HNOz but not for
HNOp or HpO.

Additional work on the determination of dissolved O, in
NoOy was carried out., A study of potential sources of error
revealed significant variability in the use of syringes for low-level
Oo calibration. It was also found that lack of agreement between
llquld and gas phase Op determinations 1s very probably due to the
system not being in equilibrium.
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INTRODUCTION

The specific objectives of this program are as follows:

(1) To develop a standard stress corrosion test capable
of assessing the corrosive nature of various types of dinitrogen
tetroxide (NoOy) on 6 Al 4 V titanium alloy specimens.

(2) To develop methods of analysis capable of detecting
and determining significant differences between various types of
NoOl o

(3) To identify that constituent or component of NyOy
which enhances or induces stress corrosion in 6 A14V titanium
alloy.

(4) To attempt to establish the possible presence of
stress corrosion inhibitors in certain types of N,O4 and to
determine the concentration levels that are critical regarding
thelr inhibitory action.

This report describes in detall the results of the
experimental work performed during the last quarter. It is felt
that the specific goals included within the scope of This program
have largely been achieved, However, fundamental aspects of the
overall problem.remain unresolved and tentative conclusions
arrived at during the course of this work require additional
experimental verification. A summary report covering the entire

program wlll be issued in the near future.
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Phase A. Development and Application of a Standard Stress
Corrosion Cracking Test

I. Stress Corrosion Cracking Tests

In the Third Quarterly Report (HRC-68-1, January 1 to
March 31, 1968), the successful development of a satisfactory
stress corrosion cracking test was described and the results of
14 test runs were presented., During the past quarter, an additional
11 SCC tests have been performed. The maln objective of the
majority of these tests was to establish concentration levels bf
NO and protonated species that might be critical to the occurrence
or inhibition of stress corrosion cracking. This work was made
possible by the development of dehydration and add-back techniques
that will be described in subsequent sectlions. A major analytical
breakthrough in the measurement and characterization of the
protonated specles in NoOy by near-infrared spectrophotometry also
was an imporbant factor (see Phase B discussion).

In the latest series of tests, the‘composition of samples
of regular and dehydrated RR NpoOy was adjusted by the addition of
various amounts of NO, HoO, 99% HNOz, and G8 NoOy. The results of
these tests are summarized in Table 1., Runs 15, 19, 20, and 21
represent an attempt to hold the concentration of protonated
specles at a low constant level while varying the NO content,

The test results indicated that the critical level of NO for
SCC inhibition in "dried" NoOy was probably about 500 ppm,
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The experimental objectives of the remaining test runs
were as follows: _ , '

Rﬁn-16 - Attempt to prepare and test NpOy with a normal proton

: level, minimum NO, and no dissolvedvoxygen. A _

Run 17 - Attempt td.check'cracking behavior of-Ngbq-HN03’mixture.

Run 18 - Check SCC after addition of water to "dried" NpOy at
less than normal level,

‘Run 23 - Check of inhibitory effect of addition of small amount
of water to RR NpOy.

"Run 24 - Check effect of preliminary contact of,U~bend»Specimen8
with RNR NoOy followed by reduction of NO level by oXygen
addition prior to SCC test.,

Run 25 - Attempt to produce sample with normal protoh level and
less than 200 ppm, NO. |

Run 22 - See explanation in Table 1.

It is of,particuiar interest to compare the results of ,
Runs 15 and 21 with those from Runs 24 and 25. In the first pair
of tests, all specimens cracked at NO concentrations of 120 and |
255 ppm. when the HNO5 levels were 245 and abOutIQQ}.ppm.{'
respectively. In the second palr of tests, no specimens cracked
at comparably low NO concentrations (175 and 160 ppm.) when the
_ HNO3 levels were much higher (5,000 and 8,500 ppm.). Runs 16 and 17
showed that about 20-60 ppm. NO is insufficient to groVide‘specimen
protection at relatively high HNO3‘1evels (5,950 and 1,686’ppm.).‘
Ihese~data thus demonstrate a definite 1nterd§pendéncy between

- combined NO and protonated specles concentrations with regard to
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the production of stress corrosion_éracking.r Further elucidation  "‘;
of this interdependency will probably require a statistically :  |
designed, quantitative study of(the composition of the protonated
species in equilibriﬁm with the NoOy~-NO-HoO system. '

' Titanium U-bend racks, made from the same sheet used for
U-bends, also have yndergone SCC at regions of high stress. A N
leg,bfoke off one rack and crabks are‘present in otherylegs of
all three racks. Cracks are also present at the bolt rests, at
the tensile surface where the strip was sheared, and at‘the Spot-
“weld areas where the legs are attached to the fack‘spine. In sharp
contrast to the generél deterioration of the racks is the ac¢épﬁable
‘appearance of the 6 Al 4V titanium bolts used for U-bend stressing; 
None of the twenty, 1/4-inch bolts have ldentifiable stress |
'cbrrosion cracks after exposure for 400 and 440 hours in various
runs with N, Oy compositions that have produced cracks in U-bends,
df course, these bolts differ from the U-bends in configuration as
well as in several other wayé. For‘example, they are madeyfrom} :
regular grade 6 Al 4V titanium alloy rather than ELI fnaterial.

In addition, the bolts afeyloadéd at <10% of the average stress in
the U-bend although at the thread notches this could bé 3 to 5times
higher. The satisfactory behavior df thevbolﬁ material emphasizes
the fact that compositiohal, conformational, and stress level
factors cannot be ignored in considering the.overall stress

corrosion cracking problem.



II. Dehydration of NoOy

The "dehydration" or reduction of the proton level in
RR NpOy was essential to the NO-H,0 study described in the previous
section, Earl& labdratory work showed that the‘passage of RR NpOy
‘vépors through a column filled with activated‘Linde:Molecular Sieve
Type 3A followed by condensation at 0°C. could produce,liduidi204
containing some NO but greétly reduced in proton chcentration.
This basic procedure was scaled up in a unit capable of,ﬁrddhcing»
épproximatelyll'to 1.5 liters/hour of "dehydrated" N,Oy. During
this same perlod, near-infrared analytical wbrkvshowed that HNO
1s essentially the only protonated compound preéent in RR Nabq.
Therefore, using this measurement of HNOz as an index of"dehydratign",
it was found that approximately 95% of the protonated species
could be removed in this unit. Starting material containing about
6,000 ppm, HN03 wa.s routinely reduced to below 500 ppm. and
usually below 300 ppm. Consldering the fact that the current
system involves transfers from the dry N204 receiver td SCC test
cells and/or sample bulbs under ambient high-humidity,conditions;
these results are consldered to be highly:satisfacﬁory. However,
it 1is believed that substantially'lower valueS'could,be'achieved |
by system modification and humidity control. |

Capacity of the 3A Molecular Sieve for tﬁé‘"deh&dration"

of NéOq has not been determined accuraﬁely. Hdwever, preliminary'
estimates are of the order of 2 ml. NpOy/cm.” Molecular Sieve
based on 55% vaporization of‘thevcharge. At 1ower‘ihitial HNO3
ieVels, or with multipass drying, the capacity Should be
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considerably greater. Lower initial HNO3ylevels should be
achiévable by rectification through 5-10 theoretical plates at
moderate reflux ratios pridr to,passage,through the adsorbent}
The use of other types of adsorbents may also benindicatéd.
Since the protonated material‘to be rembved‘is primaril& HNOB,
‘activated alumina or other types of Molecular Sieve may offer
~some advantages. | | |

In ail instances in which NoO4 wes passed through, an
activated Moleculér Sieve column, a smell amount of nitric oxide
was produced. Often‘the 1nitial'NéD¢ condensate was green,
indicating an NO content of >1,000 ppm. The source of the}Nb is
prqbably from reaction of NOs with ﬁightly'bound’water in the
sieve crystal 6r with adsorbed Watef 1néomp1¢tély rémoved by the
activation process. Nitric oxlde may also be generated by
reaction of HNOz with the basic sleve material to form water
which will then react with additional NOp. In cases when it is
desired to produce a "dry", NO-free sample, the NO (NéQ;)_mpSt»v
be removed by reaction with gaseous oxygen.

An additional dimension of'purification is prbvidedvby‘
the Molecular Sieve "dehydration" procedure. It was fouhd Ehdt,
the trace metals content of NoOy was significantly reduced by
this process. For example, the iron qdntent_of a typical sample

of RR NoOy was reduced from 0.3 ppm.‘to about 0,04 ppm. Fe.
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IIT. Add-Back Technigues

Hypodermlc syrihge techniques were used for the se#en
add-back experiments reported here. By this approach, for example,
1,400 cc. of NO was transfefred, in 100¢c. portions, through a
~silicone rubber septum into one corrosion test cell witﬁ_minima1 
water contamination. In other experimeﬁts, NO as well as HpO and
02 have been added To test ceils. The'septums are usable for two
days when 1nAcéntact with N,Oy vapors at ambiénb temperatures,
After this period they begin to harden and‘crack and lose ability
to seal agaiﬁét the hypodermic needles. In‘liquid‘Ngou théy do
not last much longer than ten minutes. Because of the marginal
utility of silicone rubber, other more resistant rubbers, e.g.,
Viton or other fluorocarbon elastomer, should be tested for this
application,

IV. Test Cell Performance

The current test cell design has been used in 23 runs
without leakage. Connections are made and broken at least six times
on either end of the test cell in the course of each run. Care in
handling the cell as well as the design of the end closures have
produced a reliable and safe vessel. The cell is not exceptionally
robust because it is made of glass and haé relatively fraglle
Teflon tubing protrusions to which needlé valves are éonnected.
The valves twist, flex, and turn, but thus far, the seal at the

Swagelock fitting has not leaked.
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‘Pﬁase~B. Characterization of Propellant Nggg

I. Determination of Protonated Species

A. Near-Infrared Spectrqghétometry

The NMR method for determingticn of the totai protons in
NoOy has two basic deficiencies. First of all, the sensitivity
.18 not very high (50-100 ppm. as Hpy0), and secondly the
diétribution of protonated SpecieSJremains unknown. Attempts'to
resolve the peaks of the protonated speciles from each other by
-operation~a£ subambient temperatures down to -80°C. have thus
far failed. The lack of promise of the NMR approach, and an
early paper(l) on vapor phase near-infrared (NiR) spectra of HNOs
and HNO,, led to an investigatlion of the NIR reglon of the absorption
spectrum as a possible source of information concern;ng the nature
and distribution of the pfotonated specles in NoOy .

Preliminary results were very encouraglng. Examination of
the absorption spectra of liquid NoOy samples in the 1.3-1.64
reglon revealed definite differences between RR and G8,N204.

The spectrum of RR N,Ou, containingAabout 850 ppm. "water",

showed only one characteristic band at 1.47w « The spectrum of

G8 NpOy, also containing about 850 ppm. "water", showed the same
1.47 band, a shoulder at'about 1.45., and an additional well-
resolved band at 1.4054.. Additional scanning of the GB,spectrﬁm
revealed the presence of another band at 1.90u that was not present

in RR NoOy.

(1) B. J. Jones, J. Am, Chem., Soc., 65 2274 (1943).
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A sample of RR NoOy was dried by distillation through
a column of 3A Molecular Sieve and treated with 0, to remove
traces of NO. VEryvliﬁtle absorption was observed in the 1.35u4
to 1.55m region. Addition of a small amount of'water to this
samplé caused the appearance of the 1.405;:1.47,,and 1;9Qﬂ.bands.
The presence of the shoulder at 1.45u could not be established
with certainty. o

D0 was added to another sample of the dried RR NzOy and
1t was observed that the sample turned green but no bands developed
in the'i.h-l.ﬁparegion. The 1.405, 1.47, and 1.9y bands had
'shifted to 1;89, 1.92 and 2.56, respectively; which indicated
that all three of these original bands were due to protons and
were probably OH stretch 6vertones of different molecular species.
The 1.9 band observed in wet green NyQOy falls where the OH sﬁretch-
HOH deformation combination band of Hp0 should be, and since no
other compound has two hydrogens on a single oxygen, this band is
considered to be unique €o water. Oxygenation of GB NoOy
simultaneously eliminated the 1.405,’1.45,‘and 1.9 bands énd enhanced
the 1.4 band. The relative intensities of the 1.405, 1.45, and |
1.47 bands were also féund to be temperature depehdent (sée
Figure 1). The 1.47u band was définitgly aésigned to HNO3 by
an experiment in which 99% HNO3 was added to dry NyO4. A series
of additions of 99% HNO= producéd a calibratioh curve suitable'for,
quantitative measurements.
| Although the oxygenation experiment.suggested;that‘the |
1,405p,band was due to HNOo, additional proof was required.
"Approximately 0.5 ml. of liquid NpO3 was added to abéut 50 ml.
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of RR NpOy in a glass bulb, and the resulting mixture scanned.
The 1.47u band decreased and the 1.45u shoulder and 1.405u band
appeared. Further addition of NpOs caused the 1.45u shoulder to
become a definite band with further decrease of 1.47w band.
With this evidence, it was then suspected that the 1.45w band
might be HNOé and that the l.40§u,band might be due to HpO.

In an_aﬁtempt to generété HNO, under simplified equilibrium
" conditions, & new approach was tried. A water-saturated sample
of CCly was first scanned in a standard 10 cm, cell using the
0-0.2 absorbance‘slide'véire0 Tﬁe NIR.spectrum showed two water
bands at 1,89 and 1.395.(Figure 2) compareble to the 1.904
and 1.405 bands observed in G8 NpOy. Since NpO3 is the anhydride
of nitrous acid, addition of Néo3 to the wet CCl, should generate
only HNO, at the expense of the water present. A small amount of
liquid Np0O3 was added to the wet CCly and the mixture scanned,
The 1,89 and 1.395m water bands‘disappeared and a new band at
1,445¢Lappeared (Figure 3) comparable to the 1,45ﬁuband'1n Né04.
Addition of NpOs to dry CCly showed only @ weak .45 band probably
due to a small amount of water in the "dry" CCly, but definitely
showing that the band was not due to NpO3 per se (Figure 5).
Addition of 99% HNOs to dry CCly showed a band at 1.465umcomparable
to the 1.47w band in NpOy. An additional experiment in which
successive alternate additions of small amounts of liquld NxO3
and NoOy to wet CCly showed the 1.445u band increased and the
1.465y, HNO5 band decreased with addition of N,03 while the opposite
was true for addition of NyOy (Figure 4). The 1.3954 and 1.894
water bands decreased only slightly through the course of the additions.
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On the basis of the above experiments, the four bands have -

now been assigned as follows:

1.4050- H50 OH stretch overtone
1.5, HNO» OH stretch.overtoﬁe
1470w HNO3 OH stretch overtone
1,90 HpO OH stretch-HOH deformation'combination

A spectrum of NoOy containing all four bands is shown in
Figure 6,

It has been noted that the ratioc of the 1. Mogu,water band
and the 1. uﬂw HNO3 ‘band in N204 changes with temperature. This
may prove valuable in studying the temperature dependence of the
coﬁplicated equilibria involved. However, considerable further
effort would be required for such studies and to calibrate the
bands for quantitative measurement of the different species.

The resolution of the 1.450 and 1.47w bands is not very
good and it may be,neeessary to resort to digitization and
‘mathematical resolution of the peaks by cOmpuﬁer, or to multi-
combonent speetrophotometric techniques.

Another complicating fectqr has been encountered in examining
the spectra of "dehydrated" red.N204'at high sensitivity (5.85 cm,
cell with 0-0.2 absorbance slidewire) for traces of residual
protonated compounds. A palr of small bands at about 1. 41 and
1,48 are always present and constitute significant interferences
in the quantitabive measurement of very 1ow levels of water and -

HNO3 (Figure 7). The intensities of these bands appear-relatively
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constant for a given pathflength'and are not temperature dependent
nor affected by oxygen. They probably.repreSent higner‘overtone '
or combination bands associated with NpOy itself. The band at
1. 48u:interferes with the measurement of HN03 at 1 4zp,and may
contribute a "blank" value equivalent . to 100~200 ppm., HNO3. Until
& sultable correction procedure can be worked out, all HNO3
analyses utilizing this procedure must be reported as maximum values.
All of the near-infrared work was performed on a‘Cary
Model 14 Spectrophotometer equippedeith a 0-0.2 absorbance,
scale expansion slidewire. The cells used were (1) the same
temperature controlled cell used for the visible Spectrophotometric-
determlnation,of NO, with NIR-silica windows and a 1 cm. path
length; and (2) a special stainless steel, high pressure cell
(Figure 8) having a 5.85 cm. path length and fitted withta tubular
mixing chamber and a septum for the addition of various;compounds.

B. NUclear Magnetic Resonance

In the Third Quarterly Report, it was reported that solutions
of RR NQOu in CDClz and CHgClQ had been studied by NMR at temperatures
in the -50° to -60°C. range in an attempt to slow down the proton
exchange between the acidic,Species present and observe separate
NMR peaks for each of them. Since that time, NIR studies of the
OH stretching absorption bands in NyOy have shown that only HNO;
is detectable in RR NpOy, accounting for the lack of observed NMR
line'broadening. | | |

The low-temperature experiments were repeeted during the .
past quarter.using a8 NoOy in which the presence of morevthan,
one type of -OH is shown by NIR. Again, no significant change
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. in the shape of the water peak 1n Neou was observed as the
temperature was decreased. At approximately -45°C. . the solubility
of protonated species in N20oy had decreased sufficiently that a
separate aqueous phase was observed floating on the NoOy and the -
l:NMR signal due to dissolved water was barely detectable.

" ) Previous experiments with a model system cf X l HN03-H20
'_1n acetone indicated that, if this approach is to succeed,

solvent system would have to be found in which Ngou-water mixtures
could be studied inphomogeneous solution at less than -8510. Since~
no such_system‘has been found, work in this area was‘discontinued,

II. Determination of Oxygen by Gas Chromatographz

Work has continued this past quarter on resolvingrdiscrepancies
~.in the calibration for oxygen at lon levels; and on the further 1
establishment of the relationship between gas and liquid phase
analyses through Henry's Law. j

The previously reported difficulty (Third Quarterly Report)
in obtaining a constant calibration factor at Low levels of oxygen
(0.3 to 0.8 micrograms) has been traced to an apparent inability
.to inject accurately known, very small volumes of oxygen (air) into
the chromatograph. The use of several diﬁferent syringes to
introduce 1.0 microliter volumes of air was investigated. The
data obtained appear in Table 2. Also included are data.for-so
microliter aliquots from two types of syringes tOVShow thatvwith.'
larger volumes of alr there is little error‘encounteredin using

one syringe over another.



- o6 -

Table 2

Variability of Oxygen Calibration Factor
| With Type of Syringe Used

'Syfinge

Capaclty Micrograms - Average

(Micro- of No. of . Response Fagtor % Relative
liters) O, _Injected Detns. Mg, /cm, Std. Deviation
1.0 0,274 6 0.526, 5.2
10.0(a 0.411 6 O.441 5.5
10.0(a 0.274 - - -
100§b 13.7 3 0.401 1.2

1000(c 13.7 3 0,405 2.2

b) Hamilton fixed needle liguid syringe.

a) See dlscussion below.
c) 1.0 ml._Precision Sampling.Gas Syringe. .

Differences are quite apparent between types of syringes.
The 1.0 microliter syringe ylelds a larger value for the response
factor than'does the 10.0 microliter syringe, indicating that a
smaller amount of oxygen was injected than'calculated frém the
‘gas law for a 1.0 mlcroliter volume. The,fodrth fow of Table 2
was added to show what happens when a not obviously 1cose—f1tting
plunger of a new 10.0 microliter syringe is encountered - no air
was apparently introduced into the chromatograph. The ‘abllity
of the other 10 microliter éyringe to deliver a reproducible
;qdantity of air was due to a fine film_of 611 on the plunger, which
made 1t fit snugly in the syringe barrel. |

Because of these poor calibration results at low oxygen
levels, 1t.was‘decided to extrapolate thevlinear,value obtained

at higﬁer levels to levels below 1.0 microgram of oxygen. -
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Additional work was done to establish the relationship
between the gas and liquid phaSe anal&sis'through abplication of
Henry's 1aw(7). Previbus data (Third Quarterly Report) had
indicated that concentrations in the.liguid-phase at ioﬁ-oxygen‘
1evéis were generally higherlwhen'the.liquid was assayed,diiectly
than would be predicted from analysis Of the gas phase. At
higher oxygen'levéls; agreement appeared to'bé good, but not
enough data was avallable to vefify thia conclﬁsion. '

Oxygen; in varying amounts, was added to a sample ér
RR Ngou and then both gas and liquid phases ana1yzed, The oxygen
was added to bhe gas phase with a gaslsyringe from a 99+%'sourde.
The gas and liquld phases were mixed several times by 1hverting‘the
flask and allowlng to stand overnight. The data from'these
experiments are given in Téble 3, and plotted, along with all
previous data in Flgure 9, As can be seen, the trend'of low
results as calculated from the gas phase has been, in general,
reversed, |

The reason for the reversal was not known until an experiment
was performed wherein the sample was analyzed after oxygen addition,
allowed to stand and then reanalyzed. The~data from this expériment
(X16300-64) are glven as the last three results of Tablé 3 and are
plotted as points A, B, and C on Figure 9. |
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Since point "A" was obtained 2 days‘after.oxygen addition,
point "B" 2 days later, and point C some 6 days after oxygen
addition, it 1s apparent when oxygen is added in small émcunta' |
',t9 a relaﬁivély large gas phase volume, the equilibrium bébﬁeén
gas ahdrliquid 1s established very lele; ,Eurther work Shddld_

'be doné on this aspect of the‘anaiyéis, sinéerit ﬁ1ght explain‘
~ " the low results obtained f§r the'11quid wheh’oxygen,ié'removedf
" from the gas phase by freeZihg and degassing. The largest
:discrepancies were observed with those samplés whiéh had been ‘
dried and degassed during experiments to_pfepare a low 1evel‘vﬂ
nitrié oxide calibration curve. In general, oxygen determinations
were made just hours éfter thevdegassihg process had peen carried
out. Hence, the oxygen content mayvhaﬁe been lgg in’thé gés phase
for these samples due to nonestabliéhment of equilibrium. o

As a matter of interest, several other gaseélwere run on
the Molecular Sieve column used in this work. A summary of the
gases and rétention data-relabive tb,nitrogen on’lBX Molecular
Sieve are given.ih Tablelh. of speciallnote is the fact that
— hydrogen can be readily separated,from_all.the cher gases 9n
this column. Aside from changing the carrier gas from helium to
, nitrogen, no modification of the équipmentvis necessary for this

determination.
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Table Ut
Relative Retentions of Various Gases On

13X Molecular Sieve Column at 25°C,

':Gas S »Relative Retention
; Hydroéénv : v:’ |  , 0.40 |
.,Afgon g | 1 S 0062

Oxygen | | 0.62
| Nitfogen . 1s00
| Nitric Oxide(a ) ~2,0
Carbon’ Monoxide 2,40
Nitrous Oxide 6.75

{a) Variable, depending-bn congentr&tiOn.



