
Urnnyl thiocyanatc complcs is cstrxctctl from a slightly acid solution, .using tribrltyl plies- 
phatc-carbon tctrachlrxiclc as solvent. ‘I’hc cffcct of \*arious factors on tlic cstrnction of ur;miuin 
:rntl the intcrfcrcncc of 3 nunilxr of cations ant1 anions wns stritlictl. After c.stmction, iirwiiiim 
is clctcrminetl spcctrophotomctrically in tllc organic solvent. 

RI::SUMI? 

On l)r~qxw unc mdtliotlc tic dosage sl~ectrol~llotorll~triquc tic I’rimnium. EIIC cSt l)ilSdc siir 
l’cxtrilction tlu tllirX?_;lni~tc complexc ill1 moycn tlu riiClnng:c phr~sphotc clc tribiitylc- t&raclilorurc 
clc GlrhJnC. l,‘iriflucncc rl’un certain nrmibrc tic CiltiOllS ct cl’anions 3 6tJ csallllll~c. 

13s \viItl cinc sl~clctrc,~~ll(~tc,rllctriscllc Jlcth(xlc zllr Ikstimmunl: \‘C)II IJran Iwscl~ricbcn. Sic Ixxtilit 
auf tlcr 15str;rktion tics Ijr;ll~vl-thincvan;\t Iiomplcscs mit cincm Gcmisch van ‘I’ril,utyll)llosI,hat 
untl ‘I’ctr~~chlc,rk~,llIcl~stofl. I’)cr Kiniluss cincr ~\ll~itlll Kationcn unrl Aniuncn wirtl itntcrsucht. 

130th hyclrassinc and l~yclrosylaminc arc !~owcrful reducing agents ancl their clctcr- 
mination in prcsencc of each other is usually a difficult problem. Wllilc hydrazinc is 
almost always oxidized exclusively to nitrogen by various rcagcnts, liydrosylaminc 
tends to be convertccl non-stoicl~iomctrically to scvcral products such as Nz, NzO, 
HNOZ, HN03 and other rclatccl compounds’. Nonctlwless, under prescribed condi- 
tions, llydrosylaminc is oxidizccl to nitrous oxide by cerium(IV)z and iron(III)s, to 
nitric acid by bromate4, and to nitrogen by fcrricyaniclcfi. ‘The standard method of 
clctcrmining hydroxylaminc is hascd on its conversion to nitric acid by an cxccss of 
potassium bromate in hyclrocl~loric acid solution followed by an iodomctric titration of 
the cscess against thiosulfatc4. Expericncc !las shown that tllc bromate method requires 
considerable skill and rigid adhcrcncc to the prescribccl conditions, especially in 
preventing the loss of fret bromine which is formed during the reaction. ~%JHhlAN AND 
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I~LACX~ hnVc suggcstccl a useful modification of this prowrlurc by xlding an cscc’ss of 

standard arscnitc solution to the wxeacted bromzrtc, and lxxktitrating with o.1.Y 

hromatc using mctiiyl ornngc indicator. ‘I’hc results by tliis modification wcrc found 

to lx much lxttcr than by clircct iodomctry of tlw csccss of Ixoniatc, but the mcthotl 

is still inwlwcl. I’diapS it migllt IJC prcfcrable to use a l,roii7atc-l,roiiii(l~! Inisturc 

ii1 strongI\* I~ydrochloric acid Or glacial acetic acid mcclium. ” 
III tlic literature. two mcthocls iLrC: tlcscrilw.1 fo1 the tletcrrnination of liyclrazinc x,ncl 

Il~~clrvs~l;imiric wlwii prcscnt togctlw. i’otassium Iwomatc in Ii~drocliloric acid 

SrJllltion 0siclizc:s Ilytlrilzitlc illId Iiyclrox~~laiiii~ic rcspfxti~*cl~* to nitrogen ant1 nitric 

iKitl. ‘I’lic csces of broniatc is tlctcrminccl in 011~ sample wlicrcus in tlic sccontl suniplc 

tlic vol~iiiic of nitrcq+n cvolvctl is mIc:asLirc’cli. According to l,As(;h, I~~draziiic can bc 

titr~~t(:~li~~SLilfLiri~:i~ci~l soltltion wit11 ~~otassiutn iodatc IJy tlic iodine qxniclc proccclurc 

witlioiit ositiation of I1~~lrCJS~lilllliIlc, provitlctl tllat not mow tlian tlw wluivalc:ilt of 

cJ.07 g of N 11201-1~1 ICI are prcscnt. Aftc:r tlic ICS is dcstroyc(l IJ>* just il. stifficicnt 

~]Ll~lrltity Of S~Jdilllll r;Lilfitc, tllc iotlitlc ion is prccipitatccl witli silver nitrate. ‘I’lic 

liydrr~sylirrninc is tlicn osiclixccl to nitrcjus oxidc and water by Ibling witli an c~sccss 

of ferric ;iminonium sulfate, uncl tlic iron( I I) formctl is titrated in prcsciicc of ni;in- 

gilllOLlS Slllf~ltc: CiLtZll>‘St xvitli StiUltli~rCl ~wrlnallganiltc. \Vllilc: tlic former mctliocl 

ncw_wi tatcs ;i g.pSolllctric inc~isurcnwnt, the lirttt!r is :I lcngtlly ~nwccdurc ant1 is 

(l;Ul~cr(J\lS CJ\Villg t0 tllc LlSC Of ~~CJt:~SSiUlll c>‘i~llitl(!. 

SI\ser5~‘4 tlcvclo~wtl ;L riir:tllocl of dc:tcrmilLing ll~<lr~JS~~1irlllill~:, IXlSCTl 011 its ccmx-crsioll 
to iiitrogcii Iy ill1 (:Scc’sS of fcrricyunitlc* in il \Vl!iLl<l>* :LlkiLlill(: SOlllticJll (}>I1 S--(,,). ‘l’llc 

:Uli~lj’SiS was coinl~lctcxl l)y titrating tllc fcrrcqwiiclc fornicxl witI cc:ric sulfutc: or tllc 

llnusccl fcrriq*aiiitlc ioc~c~lnctricilll~. 111 strongly* dkxlinc mccliuiii tlic IXilCti011 is non- 

stoicliioiiictric. l<c:cciltly it Iiie Iwun sliokvii tliat Iiot. stnntlartl SCJ~llti~~llS of fclTiC>*iUlitlc 
call h titriltcd tlirwtly w+tli Il~tlrilZin~ SLllfatc 10 or soclium nitrite’ 1 . in I)rcscwx of 

zinc sulfate. Zinc sulfate rniscs the osiclation potcntinl of tlw ferricyanick ion tllrougll 

tlw rcmovul of fcrrocyaniclc ion as SpilriIlglY solul~lc xiw potassium fcrrocyilniclc. ‘l’llc 

cotnldctc tlccolori;l,ation of tlic! solution inclicatc:s tllc end-point. 

1’rclilnin;iry cspcrinicnts in tlwsc: l.alX~riLtori~!S rcwcd~~l tllat tlic: xIx~\*c fcrricyiulitlc 

Ixoccclurcs for Ilyclr;Anc! and nitrite coulcl Ix: cstcntkcl to clctcrminc Iiy<lrosyl~riiiiiic. 

l-lowc\w, in prcscncc of zinc sulfate, Iiydrosylariiirle is ositlizctl to nitric acid instcntl 

of to nitrogen iLS wlicn fcrricyaniclc: is uscxl in a \VC!ilkly alkaline mcclium. l~crricyanick 

in strongly iLll;~lliIlC! solutions or in lm_wncc~ of zinc sulfate ill\\‘i~~S converts Iiyclrwinc 

to nitrogcii so that ositlation of iL s~mlplc~ containing botli IlyClrilZinc w-d liytlrosyl- 

amine by ferricyanitlc under tliffcrcnt conditions slloultl gi\*c! ;L mc;eurc of tlic quantity 

of C!ilCll rccluctruit prcscnt. l~crric~nnidc in strongly dknlinc riicciiutn clots not convert 

Iiyclrosylarninc c]uiLntitatiVcly to nitrogen but no CliltcL mist 011 tllc reaction hc:tWxn 

IlyClriWillc mid fcrricycinidc in vwakly alknlinc nicclium. .A scrics of cxpcrinicnts 

sl~owctl tliat hyclrnxinc is osiclizcd ~lll;llltitiltiV~ly to nitrogen 1,). csccss of fcrricyaniclc 

in bras-boric ilcitl lmffcr solution (p11 S-c)). ‘I’hc i~n:Ll~SiS \ViLS C(Jlll~~lCtd 1)~ titrating 

htll the: fcrrocyaniclc formecl ilgZ.liIlSt stniidarcl ccric SIllfiltL!” and tllc un~isctl fcrri- 

cyanide iocloiiictrically ag;Linst StiLllClUd tliiosulfatc I:). ‘l’licsc ohcrvntions wcrc: Lisccl 

in tlic pxxzxnt work. 

‘I’liC prcscnt papci’ reports a siniplc mctliod of clctcrminiiig milligram amounts of 

liyclrosyl~uiiinc by clircct titration of alknlinc fcrricyaniclc in prcscnce of zinc sulfntc 
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I~clcr)~ri)rcr!io,r o/ fr?‘tircJs?~ltr,rtilt~,. ‘I’0 iI Illc’ilSII~c’~l \*(J1\1111<’ Of Sti~llCliltXl l)r)tilSSi~llll 

fcrric~anitlc solution, 2--_3 g Of Crystdlinc zinc sulfati* :ilitl IL sufficic*lit cl\lillltit~ of 

socliurn or potusiuni livdrosicle to Illuilltiiill tllc total itlktlillit~ ilt O.-j-I .O.v ww 

added and the nikturc \vas Iic*ntctl to Iwiling. ‘l’lic l1~tlrOX!*li~lllillc Slllfiltl* sdution \V:LS 
ad&cl from ;L hiirct gri~~lU:dly till tlic pwcipitiitc \VaS cknr wlritc* illltl tlic SUlWrIliltilllt 

licluicl colorless. ‘1’11~ wiction corrc3lxmtls to tlw osiclatic)n of ll~~dros~~l~lliiilc to 

nitric acid alit1 \ViltcT: 

.21<:,l~c(CS),, -i- rliOl-I - :- 2li.,l+-c*(~:s),, *- IleO -!. :o 

1li.rl~c(CS)o -:- _;%nso., - %n:,I;Irl;c(C’S)e;l -t- _;li?so, 

s1-1~0L-1 -+- go; --:- kfSO3 .i- Ii20 

TllUS I ml of 1.1’ Knl:c(CS)n is cclUi~i~lcllt to 5.505 lng SI-l&)1 I. .A t~~1~icx.d Scat of rcwlts 

is given in ‘I’ill>lC! I. 

I’.\ 1)l.l: 1 

/,ell!rl,tirritfir,,t o/ lr!~tirr).~!~lnr)li,l(~ in /wwucc of lr\drtr,-inc. 1lcilSllrCtl cluuntitics of 

llyd~OSyli~lllil~~ ml<1 liytlrazinc sulfates wcw misctl iLIl<l tlic! sdution clilutctl to 250 nil. 

Osiclation x\‘as cffcctctl by fcrricpnidc! as follwvs : 
(a) All alicliiot portion of tlic mistllrc \\‘a8 tr’ciLtc*tl wit11 iL kno\vn cscoss of fcrri- 

cyanitlc solution follo\Vccl by 25-30 ml of l>OIXS -1mriC xitl lmffcr solution (1’11 S.-c)). 

After I j-30 min. tllc solution \v;ks diluted to ;i SUiti~l)ll~ V0luinc. 111 alicluots of tllis 
solution citlicr the unusctl fcrricyanitlc \vxs titratctl i0tl0mctricilll~ or tlic fvrro- ” 

CJYlIlidC forrnctl was titrated ivith stnndard Ccric SUlfilto. 

(6) A known volume of fcrricyaniclc was titratctl hot in pwscnce of zinc slllfatc 
and nt 8 total dkalinity of O..j-0.8:V \vitli tlic niisctl solution of llytlr;~zinc ant1 
liycltosylaminc sulfates. ‘I’lic cd-point was shown by the appcarancc Of a clear wllitc 

precipitate. 
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T,ct 1’1 anti V2 Ix tlic volumes of fcrricyaniclc consumed by tllc same ClUiLIltitY of 
tlic misturc in mctllods (CL) and (b) respcctivcly. If x ml of fcrricyanidc arc consumccl 
by hydrazinc, tiicn (VI - x) nil will have hen consumctl by i~y<lrosylilmi~lc in 
((c) ;1ncl (1’2 - x) ml in (0). Wlicrcas tllc ccluivalcnt weight of hydrosylaminc in (a) is 
tllc same ;LS Clic molecular wciglit, it is oric-sistli in (A). ‘I‘licruforc 

lironi tliis tile vnlucs of N, (1’1 - x), and ( V2 -- X) CCL11 IX obtainctl. ‘I’lle ClllilIltity Of 
llytlrassinc ccluivalcnt to .2: ml of fcrricyaniclc can bc calculatctl from tlic relation x ml 
of IN li~L;c(CN)o = Y.012 mg llyclrazinc and the l~yclro.sylaminc ccliiivalcnt of 

( 1’2 - N) ml of fcrricyanidc from tllc relation x ml of rN K3Fc(CN),, == 5.505 nlg 

liyclrosylaminc. 

IIESUL’TS 

A rcprcscntntivc set of data is sllown in ‘I’ablc IL. ‘I’lic results arc tllc average 
values of duplicate cxpcrimcnts. 

I. 

,Vnll I (Ulfi) 
_._._._ .- ._. 

Cnld. I:oll,lll 
.-_-_.. . __ _ __ . ..-..-._- . 

_. 
JJi//. 

0.012 0.9G.35 fJ.054.5 
0.010 r.gr7 I .‘JO’) 
0.0 1 .I I.927 I .?)OC) 

0.0 IO 3.554 3.820 
0.00 3.854 3.x IS 
0.020 7.708 7 *G.p 

____. _-. -_ ._ - - 

.-_-_ __ . 

Ur//. - 
. - 

I>ISCUSSION 

‘I’lic reaction bctwccn fcrricynniclc and l~yclrosylaminc in lxxscncc: of zinc sulfate 
W;LS sliown to be quantitative at an alkalinity of o.pr.oN. At lower alkalinity the 
reaction is slow, whereas in too alkaline a solution zinc ions tcncl to go into solution 
and intcrfcrc with reaction&) .Tltis difficulty can be obviated by using larger quantities 
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of zinc sulfate. The amount of zinc sulfate is not critical pro\*iclcd tllat more than 2 g 
are present during each titration. 

When hydrosylamine is osidizccl to nitric acid, a good conversion factor is obtainccl 
so that the method is suitable for the determination of smnll amounts of hytlrosyl- 
amine. Potassium bromatc also effects this ositlation coniplctdy, but the prcscnt 
fcrricyaniclc mcthocl is simpler and much less time-consuming. ‘i’hc u\*ailnbility of 
very pure potassium fcrricyanidc and its large equivalent weight (about 12 times 
that of potassium bromatc) arc also important. 

In contrast to the bromatc and the iodine c_vnniclc incthods for analyzing CL misturc 
of hydrazinc and hydrosylaminc, the fcrricyanitlc proccclurc dcscribcd is not csacting 
ancl it can bc complctcd within 45 minutes. ‘I’llc error rarely csccctls z’;/” which ma) 
be acceptable considering the clifficultics involvctl in such an analysis. 

‘l’lic autlior is intlchtccl to 13oyd Professor 1’I4Ir_Il~ W. WEsr for rcscurcli facilities 
and intcrcst in the work. ‘L’lic gratis sample Of llyclr0Xyli~lllinc SUlfiltc by tllc ~Oinnicr- 
cinl SOlvcIlts ~:orpOriLtion, XcW York, is @YLtt!ftllly :dillo\vlcdgccl. 

‘I’l~c t\iwct titriitiuii of ;rlk;tlinc fcrricynniclc iii pwx!ncc of zinc SIlIfiLtc wit11 ~iyt\roxyliiiiriiic 
sulfate Ii;is IICCII stdiccl. ‘\ clear wliitc lmxipit:itc (If zinc pc~t;~ssiuiii fcrrucy;riiidc iritlicatcs tllc 
ciirl-point. I I~droxylan~iric is oxitlizctl to nitricacid illlC1 wntcr. ;~iicl inilli~min cl11antiticsof Ilyilrcmyl- 
mninc can IJ~ tlctorniinctl. III tl1c ;L~XXIICC of zinc stllf;rtc ;LIIC~ in \~<~iLkl~ ;Llk;~li~1<~ mcdiclr11, 11ytlr;L- 
zinc i~llcl I1ytlrcJxylaminc arc convcrtc(l tc, nitrc,jicn. wliilc iii prcscncc of zinc slilf;itc Il~clri~~lllc is 
oxitlizctl to nitrugwi. I3y fcrric~iiniclc oxitl~rticm of iL niisccl s;rnl1~lc iintlc*r diffcrcrit contlitirms, 
IlyclrilziIlc illll.1 1lydrcJ?cylillniIlc_! wllcn prcscrit tu~dlier can IJC ih!tcriniiict~ rillliclly. a 

I,‘xtitciir clccrit unc: fu~tliotli! siiriplc 1xair Ic iiiicrc~thwqc tic I’l~~tlrc~s~li~liliiic~, iLl1 lnc~~cn clc 
fcrricyi~nitrc, c!n prh2ncc tic Slllfirtc ck zinc. II propcw ~~~rlcrncr~t unc 111~th~Jtlc rnpitlc lJlJllr lc 
tlos;qc tic I’IlYtlraziiic: ct tic I’ll~rlros~li~n1itlc, c’n pdscncc I’iinc clc l’~~ut.rc, I)iLr Ic fcrricynniirc dc 
p~A;i.sGtirii, avcc ct sans siilfxtc tic zinc. 

1% wirtl cinv cillfilcllc ~Iikrorllctllodc Iwschricbcn %iir l~cstiiiiinrlng \‘IIII I Iytlruxylirtnin iiiit 
:\lk;difwricyw1i~l in Gogcn\vnrt vo11 Zinksulfat. [Jntcr ~~inll~lltllllg ~JcStii~lllltcr bX~iIl~lIIl~cll 

kiinncn nucll 1 lydr~Jx~l~llllili iind liyrhzin ncbcncinwitlcr r11it ~\lk~~lifcrricyailirl bcstirnmt wcrdcn. 
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