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Calorimnetric measurements of the heat of solution of nitroniuta perchlorate {NOLCLO))
and of a mixture of potassium mitrate And potassivin perchlorate 1o aqueous potassium
bydroxide have been made. Thesz are vombined to give:

NOClOWe) + 4KOH n 5300 HoO) —ECH,{o) + KNChic + 2EC0Hn 5300 00 4+ HoO{)ig)
AH = — 285 80 +10,38 lj/incle
=— 02,31 4 3.0% keal/mole

freen which the standerd hest of Formation of nitronium perchlorate ie caleulated as

AFFHES MC) NO0C0,{e) =37 10 4+ L1} kj/mole

= K80+ 025 kealfnole,

in which the uneertainty represents twice the estimated overall standard deviation of the

result,

1. Intreduction

This investigation was earried out in the Thermo-
chemistry Bection of the National Bureau of Stand-
ards a8 part of a programn, currently in progress, on
the determination of the thermodynamie properties
of the *light element” compounds. Nitronium
perchlorate 15 & white erystalline material stahle at
temperatures up to 120 *C. It is extremely hygro-
scopie, reacting rapidly with water to [orm nigric
and perchloric acide. The heat of formation of
NO,ClO, can be determined hy measuring thiz heat
of decomposition. In this investigation, aqueous
solutions of potassium hydroxide were used, as the
potassiym saltz of the acids provided more suitable
reference subztances,

2. Materials

The potassium nitratc and potassium perchlorate
were rengent grade materials, dried at 120 °C and
stored in a desiccator over anhydrous magnesium
perchlorate. ‘The potassium hydroxide was reagent
erade material; the calorimetric solutions wers pre-
pared with COxfree distilled water, and standardized
against potassium acid phthelate. The NOCLO,
was obtained from the Callery Chemicn] Company
az a white cryefalline powder; an analysis furnished
by them showed:

Nitrogen 6.75— 6.74 thooretical 6574 milllatomafz
Chlorlne 6. 90— 6.52 theorotical §.574 mllliatoms i
Total acid 13 61-13.71 theoretieal 13,75 millaquivg
N 0.0~ 0.1 theorstical  0LO0 millequivg

Anulyzes for total ucid by titrations with standard
baze, and for NO* by oxidation with standard ceric

sulfate solution and back tiiration with standard
farrous ammonium sulfate guve:

Total acid 13.74 +£0.01 millicouiv
N+ ,F

0.06 001 milliequiv/g

The addition of silver nitrate to the acid solution
gave & negative test for chloride lon.

From the ratio of total acid measured to total acid
theorstical, the purity of the semple was estimated
to be 9903 mole percent or 9%.65 weight percent,
Sinee NOLO, i extremely hygroscopic the major
impurity is presumed to bo water,

3. Units of Energy, Molecular Weights, and
Conversion Faclors

The joule was taken az the unit of energy. All
insteuments were calibrated in terms of standards
maintained af the National Bureau of Standards,
For converaion to the conventional thermochemical
calorie, ona calorie is taken as 4.1840 joules, All
waights aro eorrected to vacunm.

atomic weirhts were taken from tha 1057
International Table of Atomic Weighta [11.' The
heat eapacities were taken, where possible, from tha
literature [2]. For N(LCI0D,, an catimated value of
26 calfdeg molo was uzed.

4. Apparatug and Procedure

The glass calorimeter, thermometric system,
apparatyz for measurament of electrical energy,
and general ealorimatric procedure have been
descriﬁed [#, 4, 5]. The calorimeter contained 454.6
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g of v 004126 N KOH solution. The sealed gliss
ampoule contained about 0.003 mole NQuCIO,.
The valorimeter sazemibly was placed in o thermo-
atatically. controlléd water-bath maintawined at 25.0
+0.002 °C.  After the run, the ealorimoter solution
was titrated with standard weid, using s Beckmuan
pH meter, a8 o cheek on the mass of sample and
completeness of reaclion. No caleulalions were
bazed on the titraied valoes of NOLCW0,, since the
weighed mass of sample was more accurate,

’[ghe heat of solution of an eqwmolar mixture of
crystalline KNO; and KCl10, was moensurced in the
same apparatus. The calorimeter contained 454.6
g of o 002077 & KOH solution. ‘The sample size
was adjusted to give the same final soluiion as in
the NOLCIO, hydrolysis experiment.

Two series of electrical encrgy calibrations wers
cartied out, one with 454.6 g of 0.04126 N KOH
solution and a bulb contzining 0.005 mola XO.CLO,
the second with 454 6 ¢ of 0.02077 N KOH solution
and a bulb containing 9.005 moles each of KNO, and
KCIO,.

8. Results and Calculations

The resulta of the ealibration experimenta on the
calorimetric system: used for the measurement of the
heat of reaction of NOCW), arc given in tahle 1.
ARe corresponds to the corrected temperature rise
of the system [6]. The enerpy equivalent, fe of
the “standard’ svstemn was obtained as the ratio of
the quantity of electrical energy, He, to AMe, the
corresponding rise in temperature.
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The results of the experiments on the hydrolysis
and neutralization of NO,CIO, in solution I are given
in table 3. Hers, Ag iz the change in the ener
equivalent. from the "“standard”-system, due to dew-
ations in the mass of the plass bulk and sample from
that of the reference bulk and sample. e terin
q]gdi]) repreaents the eorrection for the dilotion of
the individual finel solutions to a uniforn concen-
trationn, This wna calenlated from the data in [2],
assuming that only the KOH{ag) contributed any
heat affect. The total energy, ¢, is shown by the
equation g=AakHe{Hz+ dej+gl(dil).

The results of the electriesal eahibration experi-
ments on the KNOy/KCH), system, and heat of
selution oxperiments with the equinolar mixtura of
KN, a.ndp K10, are giver in tables 2 and 4,
respectively.

The term ¢{KNO;} in table 4 i& the product of
the difference between moles of KCIO, and moles
of KENO, and the heat of solution of EN(); It is
applicd to makes the moelar quantitirs of KNO, and
K10, exactly equal.
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For the reaction

[ENQ:+ KO0, +2KOH -+ 5301 HxX (s0ln)
AFF=—10%3.0240.35 kj/145.445 g sample

= —47.57 +10.08 keal/145.465 g sample (1)
hased upon mass of sample.

This velus must be corcected lor the presence of
(.35 weight pereent moistore. IF it 18 ﬁreaﬁnt as
the hydrolysis products HNO, snd HCIO,, it
corresponds to 00252 mole of each acid.

TabiE 3. Fetulfs of the erperimenis on the hydrofysfa of NG00,
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TapLe 4. Fesults of the experiments o the solufion of KNG,
and K10,
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Therelore eq (1} actually ecrrezponds Lo

0.9682 NO,ClO,{e) +0.02583 HNG,(ligh+ 0.0253
HCHOha) + 4 KOH A4 5300 H,O(s0ln)——
[0.8965 KNO,+ 0.2985 KCI0,+2.0070 KOH

+ 5301 HO]{soln)
AH= 19902+ 0.35 kj
= —47.5740.08 keal.

For 1 mole of NOUCWD, this becoines
NOClO(e) 4+ 0.0202 HNOy{lig)--0.0262
HOOigy+-1.0328 4 KOH 45300 HOl——
[L.0202 ENO,4-1.0202 IKC10,4-2.0728 KOH
4+ 8475 H 014 1.05384 HO(lig)
ATf= —205.56 +0.36 ki/mole
= —40,13 4000 kealfmola, i1a)

From data in the litcesture [2], eq {1b) may be
avalpatad:

HC0,(lig) +HENOy(lig) - [4 KOH 4 5300 H,0]—

[KCIO,+ KNOy+2 KOH 45300 F,01+2 HOdig)
AH=—230.9 kj/mole
= —55.2 kenlfmaole. (1b)

Appropriate combination of egs (la) and {1b)}
gives

NO,Cl0,(c) + 1.0036 [+ KOH4-5300 H,0]——
[KC10,+KNO,+2.0144 KOH

45420 H,0]+H0(lig)
AH=—1053.82 kjfmole
(2)

= —47.52 keal/mole-

From tahlz 4 we have

KNO;ie) 4+ KCWL(2)4-[2 KOH +5300H;0){soln)——
[KNO,+KCI0, 42 KOH 45300 H;0)(soln)

AH—%6,98+0.07 kjjmole
=20.7¢40.02 kealimole, (3]

Combining egs (2} and (3) and neglecting =mall
dilution effects, we ohtain:

NOCl),te) +4 KOH (in 5300 H,0)——
KCIO,(e) + KNOy(ej +2 KOH(in 5200 H.0}
FILONG)

(4}

Il we take the following values for the heats of
formation of the other substances in the reaction [7]

AR = —285.80 kjjmole
= —05.31 kealjmole.

Substance A0 15 (kcalfmole)
K0, i —103.45
KNy {e) —115.12
H:Oihqg) —08.5354
KOH 2650 H,O) —115.23

we commpute for NOLCI0O, ()
AP 15 =037.19 4 1.0 kjmole
= 8804025 E[eal,"mole.

The uncertainty interval for the measured heats
has been taken as twice the overall standard devia-
tion of the mean based on the sun of the variances
from the calibration snd reaction experiments and
rensonable variances assigned to the awdlinry data
and the annlysis for total acid.

6. Discussion

Cordes and Fetter [8] measured the heat of reaction
of NO,CH), with water, they reporl a value [or the
hesat of formation of NOuCIO,(c) of 8.0 +0.4 kesl/
mole, Recaleulating their data with the more racent
auxiliary heats of formation used for this work, their
value becomes 3.7 04 kealfmle, in cxcellent
agreement with the results obtuined bere.
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