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anhydroussaltanditspentahydrate
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Aqueoussodiumhypoch)oritehasbeenrecedtlyL･.,t
usedasahauseholdbleachingagent.Therefわre.itis

veryimportanttoknowitsstability.Therehave

beenanumberofreportsJ-6)onitsstability二

Meanwhile.effortshavebeenmadetodevelopa

similarbleachingagentintheformoEpowder.For

exampk.oneisasolidsolutionofNaOClinsodium

phosphale7~JOl.andtheothersaresyntheticorgaJlic

compoundssuchas1.3-dichlor0-5.51dimethyl

hydantoinandpotassium dichloroisocyanurateJ2-Jl)

whichgeneratehypochlorousacidthroughhydroly-

si&Theseare.however.stillnotpopularbecauseof

theirhighcost.

Sodium hyp∝hloritecrystalswerefoundrlrS【in

1898byMusprattandSmithlS･16)andwerestudied

furtherbyAppleby17㌧Itspropertieshavebeen

reportedintheliteraturesJu9).buthave been

detai一edunknownexceptthatilisunstable.From

theview pointmerltionedtheabove.theauthor

studiedthedecompositionrateoftheNaOCLcrys-

tals.

2.Experhenta1

2.1 Preparationofsodium hypochloritepen-

tahydrate

Receivedon1995.7.12

書)-11114.Hanataka.Sasebo.859-32JAPAN
でEL0956-38-8885

I-･-輔 '由adCi'!5H20satnbl… 表髄 ;a.edbythe

･去dthd高｢,d曲,ddL2dl.サhtgA.'d't';ttLe廉､粗さmeth｡disas

fouows.Whilemaintainingthereactiontemperature

underlot.anaqueoussolutiono16M sodium

bydroxidewasallowedtoreactwithchlorinega乱

ThisreactionproducedNaOCl.sodium chloride

(hereafter.describedasNaCl)andwateraccording

tothefollowingequation.

2NaOH+CI2-NaOC)+NaCI+H20 (1)

Afterashorttime.NaClprecipitated.Separatingof

theprecipitatedNaClbyfiJtratjon.therlltratewas

subjectedtofurtherreactjonwithchlorinegas.

ConrLrmingthatNaOClpreselltinthesolutionis

hlgherthanabout28wt%.tJleSOlutionwascooledt0

-lot untilNaOCl･5H20crystallizedoutoEthe

solution.NaOCl･5H20wasobtainedintheformof

needlelikecrystalswithalightyellowcolor.

ThesampleofNaOCI･5H20thuspreparedwas

keptinareh･igerationchamberforfurtherexperi-

mentaluse.

2.2Preparationofanhydroussodiumhypochlorite

TheanhydrousNaOCIcrystalswerepreparedby

dehydrationofNaOCl･5H20at60℃ for3hours

underareducedpressureof260Pa.

2.3Ana一ysisofNaOCl.NaClandNaCl03

Determinationo‖lyPOChloriteionwascarriedout

byiodometryinaceticacid.

-i云2- -'' -, I';火薬学会誌



｢bble.1Cpmpogdon､ofanhydroussodiuJrL･hypcchloT
:1I,./riteandi,tspentahydrate

Sample.ITt. Iー NaOCJ･NaClJ'NaCIO Hrib て悪-(yL%T (wtJ%) (心t.%

)(wt%)NaOq▲5dめ 'I.I42.i 2.畠ケ 'TJl

●o由.tl 93.5NaOCr', 85

3 5g 9.00 0■′ 852Determinatio血ofchlori

deioncoexistentwithhypochloriteionwascarriedout

bythemethodasI(●∫fouows:'a-fteradditi?n.oEli

cm30E30%aqT卓ous甲Iu-tionoEhy品 n.p蕪'Ide'Lio､hlts如 16',to蕪ert
･′Tlt･

1日lll●J::lJ(､t3alloEthehypo血loritejoJltO･F

hloride.ion.thetotalchlorideioninthesolutionwas.

determiJIedby･d'tra･donwithsilvermitratesolution

.Chlorideioncoexis'tent･･如ith軸p血hloriteio'h'w

a'Sトtalcullatとdasthetotal'chloride･idnmi

ht)B.hypochloriteion..Deterrniri'addn'of･chlorate･･

ioh2J)wascarriedoutbythelfollowingrmethod:anr'a'dLJ

eOuSSOlutionoEfer･rousarnmonium(Ⅱ),sulfatew

asPaddedtosample･inexcesstoreducechlorateio

nandhypochloriteiontoch一orideion.Afterreducti

on.theexcessferrousammonium(Ⅱ)sulfatewasb

acktitratedwithpotas･siudl-erm

angan?telSOJbtion..IAfterthecontentsoENaC

l.NaOClandNaC103inthecrystahof,NaOCIwerede

termined.theresidualwascalculate

dasthewatercontenLl･JThese..analytical;resl山S,

areshowninTable1.fromWhichjt.isclearly.18eenrt

hatrthecrystalsJofNaOCI.containe卓 斡me,impur

idesbothin.pentahy･drateand･･anhydride.:Avaihbl

e▲chlorinewas40.2wt%aJtd75.9wt鞄in,thepeQtah

ydrateandaJ)hydride.aJId.the.puritywas.93.5aJtd85.2wt%forthepen･.

J 一l メl t tahydrate･andanhydri

der ,一 ･････ ･一 - T- I一一2.4 lsoth

ernaldecomposition i､tNaOCl･5H20andN
aOC･anhydr"F,P･rep璽 ミntheformofcrystalsasmentioned

･theabove-5woetei二Isufferedtodecomposeatlot.und

erthreedifferentて;1仁Onditions･napely･(1)areducedpres菅_ure･7?f･26o,., 1-
′■ ･ロー_pa..(2)?anatmosphericpre

ssureofairinai;申hjtc.ontainerang/!蔓)叩-atq喝p5'eri
c-pressureopento'･iheaiT.Eachsamplekept

inbotdeswassa'叩Iedandanalyzeds

everaltiThiSS･･ 心 ,L..h･.･di･d毛i･t6竜 a品ih-e'瀧ざ-e!海

i･-dr･eaib･占nldio妄ideonthedecomposition.anhy

droushypochloriteUwasexposedfP.･叫r乍
e,.幣 e叶 紳 OSPhqe早naTPely印decarbonatedair_whichwas

-producedbybubblingtheair･toNaOHsolhtio.h

.(2)oxygenwhiih-wass脚 ied■bジ6.kgen下品 占lahd(3)'carbdndioxi溢
/I/I･.･†l ▲一J}.'･･ l･

'l J 1-;r'J ･∴whichw甲._SuPpli中 軸 m乍ar

bon.卓.ioxidetank･∫:=These′gases.were',.Pled,upto
thesamplesfor･threeminutesinthebottle.Isoth

ermaldecompositionoEthesamplecorkeddghtlyw

erecarriedoutat25℃Eor24hrsandana

lyzedforhypochlorite.3.Res

ultsandDistiJS岳ion'3.1L.Reactionforpulafor

thedecornp.ositioll..Table2.shoys.thea叫 y･

tjcalr,esultsfortheNaOCIcrysta)sbeforeandaf

terstandingintheairfor70mintitesat由℃'/FromTabl

も･2.itiscle-ar･thatthetotalchlorineremiined

tonstantdi)rin女ithereaction･Thism甲nSthatchlor
inewasnotliberatedfr.㌫Llhyereacli｡nsyst主意at;Il./… l●

‥√､'7.1●I I ISodiumhy叩 hloritesoluti

ondecomposesLaccord･ingtothefoHowlngparallelequatjons

31.NaOCトーNaCl+1/202Table2Analyticalresultsfor二thecompositionofbefore.andaftertlie･isother
血aLdecompo岳ition･.卜～.,

.' - pfNaQCIJCryStal･.て1Lf怨 yvyg?caa諾打 .Reactants .LProducts. Di肘 encemotX10ソgNaOClmol̀×1'0-/gNa()C1im6)xlb4/gNa

OCI■_NaOCl 97AO. 1芦.益 亘.由ノ

:▲一:NaC1.. &03 67.叩.. .58.97一J'.NaClO3十王 0●'.- 27.30 ..,二二27 .

30'TotaldI6rinと io5.43 106.80 I.37ト

.Aーai)abLIechlorinewI% '69.05 8.86 ◆

!60.19Weight(g).〇一.tSamPJe 0.4q o二39. k t◆t o.olsample:NaOClanhydridepreparedbydihydraiiohofNaOCl･5由d5't6

0℃for701min三(purityoINaOCl=72.5wt%
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Fig.tThedecbhp益i60'nbfahh少drounypochloritt
･landitspentahydrateat･10℃ L

O;SolutioninaiT.usingCIosedreaction･vessel

●;NgOCl･.5H20iJ,airusJing.clqsedre叫 onv甲甲1
◇;̀AnhydroJssaltinairusingdi品dreaidonVisid
△̀;NaOCIunderredutdpreistlreof260Pa
▲;Anhydroussaltinairu別IgO脚 rCaCdonvessel

andL_ ,

NaOCト 2/3NaCl'1倍?･q,93.,:り‥I,･ ; . , . :･!?).

Th.iduaa'もtyof･hy5-6ihJo'ritBもdhs'ujh'ed̀誠 blrding

toEq.2canbecaJculatedかomTab)e2asfollows.

lOCl-I≡【Cト)-2LclO3-I守(58m-2×273)10-I

=437×lol一mol′0.400gsample (4)

I
ThepercentageoEhypochtoritecohsumedaccording

toEq.(2)is.therefore.

asfollows;

100×4.37/84.90≡5_15%

Fromthisresult.itisclearlyconcludedthatthe

decomposition･ofcrystaloccurredmainlyaccording

todisprropordonationreactionoEEq.3justlikethe

decompositioninaqueouS岳olutionintheliterature31･lL

3.2 Reactjonkineticsofthedecomposition

Fig.1showstheresultsofthedecomposition

behaviorofhypochlotitJecrystalsallot inair.As

approximatelylinear relationexistsbetweenthe

Eractjonaldecompositionandthereactjon･timein

Fig.1.Sozerothreactionordercanbesupposed.

Generally.asolid-statereactionishighlycompli･

cated･dependingop.exper的Ientalconditionsofthe!

sampJesuchasitshistory.partjc)esize.numberof

Table3Reactionorderand･rateconstantforithe

isothermaI''detompositionofNaOCJ･

5H軍OandNaOClatlot

Exper叫entNoReactionorderRatecons伽tX10一min ..

.No.1 こ.p｣ 0.0

8..,No.2

0 i.52如0.3. 0 tbBO

甲0.4 0 3早手No.1;NaOCI･5H20inse
aJedcontain町INo.2;NaOClihs

ea)edとOntaiJlerN0.3;NaOCl血der

vacuum(260Pa.)No.4;NaOCIinopen.c

ontainer,A. flatticedefpcts.straiJ).ipthesurfaCやS

trUCture.quan･tityusedandsoon..As a･result.va

riou声.equationshavebeenproposedtoexpIaiFLトit..
･In･.叫isexp町i･ment.however.theEoJJowingIempiric

dequadon23)oEZerOthorder(5)七anJexplaintheresul

ts:LOfisother･matdecomposi

don;.･α=kt

(5)I LI lwhereαisthefractionoEdecomposi

doJ).and･kistherateconstant

ofzerothorder.Table3showstherateconstant

obtained.･h･omFig.LItcanbeseenEromTable

3thatthe･rateconstantofNaOCldeconipositio

nbecamelargerwithadecrease.in-the･content,ofwa

ter'of'crystal･liZationmention.edabove.FromlFig

.▲1'.thev山edfthedecomposidonrateofNaOCI.anh

ydridewascal一culatedatlot underthreediffer

entathosphericcondit)'ons:･namely,･-under'aredu

cedpressureof260Pa.atmosphericpressureinanair

･tightcontain-eraJld atmosphericpressureopento

-th_e､iir.Therateconstantswerefouhdto◆̀bea

ratioof0.90:1.52:3.21intheorderoEthe･condit

ioJISmentionedtheabo心e.whichindicaJtesthattheeuectofai

rwas∫greatTable4showstheresultsoENaOC

ldecompositionundervariousconditions.Ther

esultsshowninTable4indicatethattJIeeuectoEca

rbondioxideisthegreatestTheeffectofcarbondioxi

decanproba･【blyexplainedby.amechanismaccord

ingtothefol･lowingequation(5)

去dd(6)I I2NaOCl+H20+COB-Na2CO3+2HOCI (5
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l

Atmosphere Airwithoutcarbo畔diqxide0XygenCarbondioxi

deAmountofNaOClbefbre(hTt%)reaction 71.98 71.98

71.98'.rGr.AmもhntdI,Nio(;Jldft故'-Lて(wt%)reaction l l'"∴J7134. ぐr†1､.5

9.50㌧''oFraFtipnofdec.oqlP.OSitiop LrJ{0.009亡∴..●.◆ノ. ナヽ̀ .:､0.174 ･11.000..

I-..ヽ

Lll -llT叩 p!.rtgre.;25℃ .-reaFtiqntim

e;25hrs二 ▲･ 守 折 畑 一そ` ...,∴;;.I::'r

1㍉へ ･̀ ,･1.･i･㌻Na2C,0紳2H∝1+NaOCl- 1･

_･.･'(tl.- ,･津NaC103+NaCl+CO2+H20

(6)■′.Thehechanism involvesthe'bitaly

ticaction-ofiCarbondioxide.Ithasbeenrepor

tedthat.intheformofanaqueoussolution.HOCI

showedalargerdecompositionrate-tkarl-NaOCl2).

The~ideathatthisisalsothecaseim仙e血rmofcrystal

shasledtothemechanismabovemention

ed.Conclusions.Inthethermaldecompositiono

fNaOCIcrystal.thetotalchlorineremainedcon

stantduringthereactionandaverysmalllossw

asobserved.ThelatterconcludesthattheNaOCIcrys

talcauseadis･proportionatiollreactionrepre

sentedbyEq.3.Thecrystalsofanhydrous

NaOClandNaOCll5H20decomposeaccordingtotheze

rothorderreacttionrate.Butthedecompositionr

ateofanhydroussaltisabout12dmeslargerthan

thatofpentahy-drate.Itwasalsofoundoufthatt

hedecompositionisinhibitedbythepresenceofwater

ofcrystalliza-tionandgreatlyacceleratedbycarbondio

xideintheair.
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次亜塩素酸ナ r1)?.ム無凍御物結晶-と.5･水和物結晶を合成 し,その熱分解反応を検討l
した｡ . … ′ノ

無水和物の熱分解はぉい七は全唾棄垂昧反応の前年で窄1,t,し.*カ.ii,1Iふ閉じ系ではこの

無水和物結晶の分解速度式はα-ktで示される等次反応<･蓑hlせる̀こIとがわかった｡しか

し,無水和物結晶は5水和物結晶の10倍の速度で分解した｡密栓した無水和物結晶は解放

系め結晶･より分解速度は選かづたい空気中に含まれる二酸化炭素はこの分解を非常vt一促進 ･
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