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iMTHODOCilOH

Hm pnwuao* of nitrats aad nitrite iosm has long Xmm a psrob-

ILn in tha purifioation of mtar. Rnaforal of aitiiar of tl»9» ocm-

fftituanta Igr Mtbodi othar ^moi mmh oeatly operations aa disUUaticm

or ion 9»dhaB0» has not as yot bean realiasd* Caiu»<iEH>BtIy, it ie

OMMon pnetloe in aost instanoas to aooopt their prese&oe, and on

evasions abaza thay aitoaad a eritioal limit to dilute or ohan^^

the touTM of supply. Dos to the toxie nators of these iona, it is

aaaaaaary to bs oonstantly informed on their oottoaatoation,

Utcats and nitrite ions, as found in aatar, repieasnt the

final oxidation produota of nitrogsnous organic matter. Tbaj tarn

continually being togm^ and dBBtgOfd lagr orgBaisas aa part of tfas

natural nltrogsn cycle, ^nd to sow extent by direct ohaaical action.

Past history of tha aatsr aouroa and oliaatic conditions are important

fiMtors contributing to the quantity of those ions pzassat at ai^ gly»

«B tlaa. Ibr aaeMplay higfiar conoentrations are noxnally expected

after spring flooding liien runoff from surroimding terrain is at a

aaxlsKm, and largs aaounts of organic matter are being aaidiad into

tha nain ri-wer bodies. Of tha tao oonatituants, nitrate ion is usu-

ally found in greater abondaaea. Ibis is due to its gzaatar stability

sBd also to tha ease with i&loh nitrite ion is oxidised.

Ritrita ion is most frequently datanninad by tha diaso-Ksoiipliiig

rsaoticaa (l). Hw dependability of this reaction haa Aiw pazallels

in analytical ohaadstiy, and arver since the olasolaal aork of Grlass

(6) in 1879 it has been tha prolferred Mthod of analysis. Diaso*

tlaation of salfbnilio acid followed by ooupling of tha <t4«t^mt^Mi



eatlon fomnd with ^Hwphthylaalns Is the TBOommaad^A standar proce-

dure for nitrite Ion deteradnations in vator (l). Colorioetric esti-

ation of the re dish-purple azo dye, J^-naibthylanana-p-azobenaens-p-

sulfonic acid, [produced aerres aa a means of evaluT^tion. Considaratlon

of the reactions involving the above mentioMd aaine and oouoler aptly

illustrate »08t siodlficatlons of diazotiaation and coupling.

WS,

S03H

HfS

+ HriC Kt*lj 2H^

SO^

QQ _^ «=3S Q-seN
p

soyi XL

It should b3 noted that the cou-,livig of H-napiithylamine occurs

para to the aaino group, a ganjral aechanism explaining this ty e of

00 urenco on the basis of resonance concepts as they affect the diazoniia

cation and courlar is f^rtm by 8«anter (14) in his review of the work

of Uaoaer and &«8low.

4. . .. ..*fHi^ H"cH~
SSH: :^ Ar-i;=N —^ Ar-H=H-CH :^ Ar-NsS-Oh

-M,0 H^

Selecting Ar-«"li* aa the active resonance form, they propose the follow-

ing coupling i»(^anlSa«

Ar^WI > a

e>

iCr-im



Wamavom ocwblafttloiui of aadxma and eouplors oasd to foxa uo 6fu9

appear In tha litaratara, and fairly eomprriia&ai'va aarvaTs ara fl-am

tgr I^WMlirn (U), Vonkatasman (l6), and Sialtfiar (17).

Ab intarsstins aodifioatioa of tlka abofa aantloaad raaoUon la

tha x«oaat aork of r.uwal and Hallon (7). Iliaaa imxtera found that

tha diaaeaxluBi eatlooa fbiMd \ff dlaaotlaatlan of aavaxad p-pbansrldnecU^

aalaa darlmtl'vaa had hlgih mtBua^ abaorpUon bwids In tha ultra tiolet

nglon to ba aaaaorad directly. ^Eha adruktaga of oaijftg such a ps'ooa-

dtta is tha aliaisstlon of tha coupling step, and tha iaoonfaaiaaea of

triAfBnt pB oontrol and inatability of aao dyos that 8oa»tia»a fteooa*

psngr it. Cte 1^ other hand laomner, tha inatahility of diaaoniun

^itiona and tte a»«d for ultra violat optica to record ti^ir abaorbanco

affwda a aarioos liadtatioii,

Xitrato ion has baan datamiaad Iv tlia mm of piamoldiaalfonio

aoid or Naaslar's raagsnt folloidng radootioa to aintilii (!)• Haititiar

aatiiod is idoal, hoarrsr. Iha lattar vaquiras a rathar iMigthy prooa*

dure, and both axa dapMtdaat v^n a jallow or broaft haa flor airalaation.

Iha phanoldisulfonic acid prooadnxa ia fttrtter eaaiplioatad bgr the intar>-

forsaoe of diloride ion. Its rmoval by tha paraoipitation of ailvar

ohlorida auat ba dona without tha aid of digestion dua to tha losa of

Bitrata iaa tQjon haatiag in tha prasanea of ailTor salts.

Yarloua ooloriaatvlo aathods for nitrate ion datamiaaticais uaLag

aoift raaflKita aa brooLna, :qrlaaol, dij^hsnylaaina, and ferrooa sulfate

hava bean uaed idth aooa saooasa. In ganaral thay ara liedtad by a

laek of aeleetlTlty and/or tha aaad for spacisd apparatoa. A daaailp*

tion of thaia aathoda haa bean Inoludad bgr Snell and 3mll (15) in their



ooapMteaaLw trMtia* on oolerimiaAn mhOtms,

test for nitrata len uaing tbm diazo-coupUng rwwtion ms first

dS0ffirlb»d by Blon (2). .mail aaetnt* of nitroua acid obtaiMd tram

partial rodueUon «Lth sine in aootio acid solution «en uaad to ini-

tlata tte rwotton. Whila axtnaal^v aanaitiva, Ut* Mthod is not rer*©-

duttibla, and it haa baan uaad only for c|ualit«tlT» purix>aaa

A Maatitativa datawdnation for nitrate ion in soils utillaLnf

tha diMO ooupUag reaction has baan i^aportad by Bray (3). By tha

•eUon of sine dust in aoatio acid soluUon, in tha proaaaaa of ^'^

9Kaen9 wlflsta, Im waa abla to fona raproduoibla, aiyteu^ aooatolahio**

wtrie, aaounts of nitrite ion,

Ittddlaton (12) found that 100 par oant raoovery of nitrite ion

oould be affected if tha reduction vera aarrUd out with sine in a»-

oaiaoal solution In tfaa pvaaaaoa of umgsaous ion, A critical pH

i««es of 10,2-11.2 at loaored twaparaturas is a naoanaxr raaction

condition, FImI ataluation la than based on tba oxMga ^ fbraad

by tha dUzotlaaUon aad coupling: of sulfanillo acid vdth.^-^phthol,

fbm partem of tha prasaat invasUgation was to davalop a rapid

dsteraiaaUon of aitrata and nitrite ions in »atar« frooerures in-

irolTing separata and mixad datandaationa of tha tao ions h&v baaa

studied. Both are based on tha fosaation of an iatansa x«d ^ bj

tha diaao«coapUng raaotion,

»a*toUon of nitrata to nitrite ion is aoaoapliriiad alth tha aid

of sine dust in dilute aMosiin hydroxLda at U-15*^J., in tfaa prvsaaea

of oanganoua hydradda. (i-a>ai»phenjrl)trijBethylawMli» ion la aaad

aa tha sMiaa. Ihia is tha first tiaa that it has baM utillaad as m



•nalTtloal xvagant. Hm oovqplsr, NiB-^Uasthyl-l-napbthylaaliM, pro-

duces a bri^t red dya ulth tlM dlasoalw oatlon d»riv»d troat ths

ahom nsnticoMd aadns #iich is •xMlluat for TlntaX or opootrophoto-

•trie compariwai«

Two Mnr a»thed« for detcndalaNi Bltmto) ion in tha ps«aMaoe> of

nlttitt ioB and in elilorinatod iMit«r are dsaeribad.

for tha first oaaa, nitrita ion is (ktstroyad by using it to

diaaotiaa tha (^-taA wophaaqrl )trJaathylaawoni urn ion« Hm diaaonita

cation thus fonaad is wavad bgr aagoliaafi onto a mMlaar sulfonic

oatlon e3odiang» vasin*

Intarftewnea with tha nitrate ion ^tataination eaoaad by tha

presanes of i«ai(teal ohlorins is ovsroomt by using t)w chlorine and/or

hypoot.lorous aeid to ohlorinati ttMl MMt resin mmtioiMKl above* It is

UBaeeaaary to test fbr nitrite ion in chlorinated mktor due to tha in*

aesipatiMlity of these (Rihstanees,

Ihe datex^natlone desoribed oowr nitrite and nitrate ions in

tile nuieas of 0-1,5 and 0»2,0 p.p.a. xespeotiwly,

Beoaosa {4<>aainopbeiqrl)triaati^laimaenittB ion is a nee analytioal

reagant, the oouplinc ehaxvoteristios of its diasooiua oatlon tsith

tMWty-throe ooHMaa bioobaMleal xvaganta aere studied. This is, in

part, an extension of the work done by Launbort and Gates (9)* aiko stuA*

led the ooupling abilities of thlrtc/>three diaacadaa cations. The re-

aulta of the preaent work are to be fi»uad in part tao of the eaq)erl-

wmtal seoticm of this paper.
,

'
, ,

A aodified datendnation for nitrate ion using partial redoetiaa

teolmiquos is dasoribed in part three of the ex^fi«eBtal seotLcm. Ihis



Mithod, idille not as M&altiti» as the ons Tiontionod abcrre, has th» ad-

rjitaea of aiapllolty, and la particularly applloabla tc flald nork.

Spaclal Reagants and Eqolpirant

All raagants are of the best availabla grade,

Standard nitrite Ion solution, ICOO p.p.n., l«500jpMiil4i^4litar

nltrlta per liter of solution.

Standard nitrate Ion eolation, 1000 p.p.ra., 1«631 graaa of pot«»»

slum ttltmte per liter of solution.

Jbdne eolution, 1 per cant (iL-aadnophenyDtriniethjrlaaaonliim chlo-

rldb nonohydroohlorlde. Ihla eolation riio ild lie stored In a darV bottle.

Coupler soluUon, 0,5 per cent S^N-dlmethyl-l-nahthylaaino in 1 per

cent hydrochloric add. This sol-^tion sho dd be stored In a darV bottle,

i—

>

onla solution, l^.C ml. of cone 3ntratad a.-naoniuin hydroxide per

liter of solution, -
' .^

Manganese solution, 1 per cent aangaaous chloride tetrahydrate,

Zdne dust, ,

Aaberllte IR-120 (U) noolear s Ifonio cation exchaa^ raaln In tha

potassium-; form,

Cadainum lodlde-linaar starch reagent (8), 11,CX> gnuas of eadalua

iodide and 2,50 gnois of twice reorystalUae'l Unaar potato atarah frao*

tlon par Utar of solution.

Magna tic sUrrer with 1 5/8 inch polytetrafluoroathylane-ooTOrad

stirring rod.



Medil W qiurts priti iq^tronhotOMter*

to i^3,0 gnms of N,;iwlln»tl^l>p« han^laMdlasdM

aoaattydredOoxldltt dL»«olv»d in 650*0 nl. of water at 5Cfc., add 30,0

1. of aeotlo aidaydrlte aod stir. AM a •olution of A^, gmam ^f

ad^Tdrous aodltm aMtats in 150*0 ml, of nator. Cool to 2C^. la aa

loo-water batih* Add a (Mireril hundx«4 *>9r cent axMss of aonoantratad

aamonlua hydroxir'^e t^o conv^lato a^ci.o.i^a.tiou of tha pcroduBi* Collect

the praei;-)ltata "ortneo^ b;/ filtration, ifiiadi tha praaipltata tiuraa tiaaa

on tte filter by aaridiig It into a ahxrrx "H^^ aqual porticms of a ao»

lutlon conta^idsg 75«0 sil* of conoeataratad aaaaoaluB IqriroxLda and 150.0

ml. of vatar, and air dxy (about 1-2 da7«). IMlraol^w tha praeipitata

in 1000 al. of vara banaana. Filter and add 1000 al. of baaaaaa at

Tooa tasBpamtttra. Four tha solution into a 2000 al. a1au»iarl tj^ior

flaak aad add 32.0 al. of aathyl iodide ao Hiat atnlwyan air apaaa ra-

aatas. mx thorou^Uy aad stepper tightly althout stopoo«dc graasa*

Store in a dark eoel plaoe for foixr dayn. Filter^ aad reoxT'stalliaa

tile predust tvom aatlqd alediol* IMlMel-«a tha pvodnst la a aialaaa

amount of hot mothyl alcohol. For aaeh fraa of pro^taot in the jxreee^-

ing step, Issol'.'o 0.7 grac of laad aaatate tadtagrdrata in hot toathsrl

aleohol. Mix the teo alcoholic aolutioaa, oool, aad filter. Bubble

tQrdrogwa salflde gas into the filtrate until preoipitaticm of Isad

solflda is eoaplete, and filter. A^ 0.6 gram of oonoeatrated b^dro-

chlorlc aeid to thn filtrate for eaob graa of pgrotest oolleotad in ths

reczyatcOlisation fro!n aet^jrl aloofaol abow. Coneontrato to about



100-20C Bl. {m^immmarnktam for»} ?.l -Jh fbre* oimponitLoB m *

•tiMtt %«th. Coel ««1 add jvst «iioii^ Mthyl alMiieX to dlsMlitt all

fl» •fgrvteXs. trips* tis* %»UX ^ixm IsQr dllaUon idtli •tter. Aftn*

MMuOf kMT of MM fllt»f «b» pMaMU OImoI^ la « alflleaB

«MK«i^ of MothTl «lMiMi ndt rtfiOftt tiw otiior dtlatlan. CoUoot

Iko fiml papo«tt»t tgr fiI^«tlon ivtf (^ U «ir. If tiio |co«wt I0 m%
«olorlo«a, (Ussolira It la wolfcyl laaeb&l oMfi aooolorin trtth osrtNxu

Fr»«lldtoto with otter o« pi^v: «udljr wmtimmA aad diy,

Iloldt A|>»HMlJ0>ti»l7 17 graM*

HMSM^^MBHKwBHHMooBflkHNHHHHHRolHHHHHBHMoBMHHHHHlBHBMi^^ «- ^^bs^^v mu^p '.^^p^^&~I^^P^f

Mooirl 1^ Ariborlito XE*120 (H) MOlMr waJLfonlo ootlea Mtfbaa^ KWta

OB • ftltor. MtwAlgr iitti ac ptr ooat poteoslMi i^iroaiMo wUl
Ibo mob ODltititin rmtin» bl«o te Ul«ts« fi^nr^ n&tli Atiltllod mtor

mtll tho «MQ aouuxbuai ie navtrBl f;^, UtNHb fisqr is dr witll tiMi

rooii} teo«» m Itmgtr otlek to@itlMMP*

llli;lrilo mA KLtrnto Ion OotomlMtioao*

ttlrtli aUtntli^i OTBEBI* Proporo sltrito loo OMploo la tbo

tmm of oa-1,5 p»p*»« fe 3C)^ aa« of tho «ni^.l»t »^ i,00 !«1, of

liio oniao oolutlen saA otlr mn» A<M l.oo al* of tho ma^lmt oolti^

ttoa wtf aeiaify with nv9 or olx droiw of ooBOMtratoa hyAroohlerte

aoltf. Wlato to onotXjr 30,0 «l. Aftor twrn^r siaatoe roowrci ai»»

iorteaoo iaodla|» aiiii o opoetavilMtaMtor at 32S 1^

ftttali Wlitmitt^ , jyilJBU rmisaro altvato toe amphm im tlio

of oa*2«0 ??»»»• Te 30,0 ai, of tho •ni;,l98» io a 12f ol.



SrXteatysr tU/tfy «!! MP idl* of Urn aaoaU fMfUt •»! 1«00 nl. of

tt« MMfRMM fMgmt. rUm «te llaiA: in « Ur^ oi7«tani«l«f diA

o(««tii4«g Mtor ftt U-1^*, «ld«ii la aotmtfOd ca a aoipMiUo •tirron

(Tw» thin aobostoo Mts #tould te pUmkI on tho mrflMO of tim atirror

to MffW M iBmUtloQ avklnat hoat. ^t "ora&l mm tmjmmttafM tbim

teHi irilU timin ia «h» vrlUMO. teg^MPfttvro nam f^ toffloloat tiat

to wtHm m dttd* dottmimtlon*} Add 0.2 gm of sIm d»at «« oteppwp

tti^tlr «Lth an unloteiaatid glaat 9%9pp^Jf» SUr for alx aintttoa at a

•OBstcat mto, riltmr tha aoIuUoB «itti owtioa tloottg^ « aiatoMd

glaaa flltor. Aftar tho fUtar baa ba^n sooltad itvf^ Hstm tha fla*

with t«o aaall portiatta of dlatiUaa «atar and nm waa ttarotti^ tte

filter, a* tte flltar alth cm msXI portlos of dlaUUad mtar*

Add l,CO nl, of tt!a mdm atAotloo to Iho olaar filtratift mnA mtii^ mil*

in/kdltj iSapopwkm with l,S «! (iA>eut 15 drops; of : ^> - t^-

•hlario a«id and atlr «aU, Add 1«C=0 al. af tte aouplnr loiatlor ;

atir <Mll» Aftar tmnt^ nlmitaa dlltita to aauitl'' 5 .0 !. and raaort

9lbmfitamm r—AXagu oa a spaetr^phatoaatar at 522 a^.

If a tonatMit %mipnmtmn iMth 1» availabla, it aajr ba •eavmiant

to elrenUta aatar bataam tbo bath and tha axystaUlsiag dlA.

yiwaUUUia foraatloa of altrlta laa la arltUaXly dafiaadMit 190B

tte tlaa and rata of stlrrlog. It Is a« antial tlMt llMao nariablaa te

datamlaad on atandafd oaapOM prior to attaagitljc aa wdMMB aaalyala*

Ite atlrr5.ng rata aagr ha ooavaalaatly rofoUtad bgr adJoaUas tha atlrrar

|»at balav tlMt polat at ahlA aplaahlac ataara. Ifaa tiaa osa thaa ba

Ttrlad hgr fiaad laoMaaata baloa aad ahova tha alx aiaafaaa

unUl tha oovfaet parled la dataradaad.
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1!» aM«mt of sine dast oatd it not oritlool. Onoa ft ftaarmX

idM of the wlQW atMM»eiat»d rt«j 0.2 gxttm has baftn establlatoad, 8oft>-

«Kft»at portioxia magr be eatiBaxgd with a spatula,

JBfcat ftr nitraf ion In tha tBraaaiyMi of nltrlta lnn„ «Mfe Ite

OBknom iplution for nitrita ion hy slicing about one -1. on a apot

pilata aai aiAlnf ariraral drops of t^^^ asdzta aod aol^xUr z^agnta aloag

with a drop of o«BOtB^«tad hyarochloric add. k xwd color iadlaatsfi

tte praanuM e-^ nitrite ion. If preawt, iMova a 50,0 jbI, MspXa,

•M i«C30 al. of tbe mim and a drop of concantratad hydrochloric aoid,

Stir aith a oa^Mitlo stirrer fop four mintttaa. Add fiva fnna of tba

aaticm axchasss reeltt aad aontimia stirring for azK>thdr four ainutes*

(Thia mtatmt of rasin siagr ba acre ooaveniantly aeatorad aa oaa lafal

standard taaapooBfol). iftsr tba resin has eoaplataly settled, taat

one al, of tha clear licjuid for nitrite ion. If the test ia poaitlw

continae atirring until no red eol«r is obtained. Carefully decant

tha solution froo the resin, dim a nltitate ion detarminaUon on a 30,0

al, saaple as daaeribad abawi*

25ii8 prooedare nas auaoasef Oly naed on nitrate Ion amplaa con-

taining 5.0 p.p,a, nitrite Ion or lesa.

!Seet for nitrate Jam if ffUgrtig^tad aatfty. Tsot the uakaom ao-

lutton for chlcrtna or hyrjoohlopous acid by adding a drop of aadaitsa

iodido-linear aterdh reacent to ebcut 1,0 ml. of the aaplB on a spot

plate. A bltie color indioataa the preaeaae of chlorine or hy,.oahloR>tta

acid. If praaeat, ranvfa a 100 al, sample and add 20 p«aa of the

cation asaiianse rasin. Stir for tuanty ainatas oa a aa^iaUo stlrtar.

Tost one al, again for chlorlii© or hypochloTOua acid. If the test ia



u

positive eontimM •tlrring until no blue color is obtained* DM^nt ths

solution froii tlw r««in« Run a nitrate ion >i9tersdnation on a 30»0 nl.

MapLi as dsseribsd abovs,

Tills proMdurs wis suceassfvilly used on 8%m les prepared by >«ayinc

•tandard additions of nitrate ion to chlorinate. drinVing water.

m«uMlon of Comjilete Nitrite Ion Raccvary ilethod

4 at^iaBlfli for the foraatlon of nitrite ion by reduction with sine

and aanganous hydroxide in aogsoniaoal solution is not iaioedlatejy obvious,

Sxperiments oond«eted by the author and Dr. Jaol: :. La bart, his research

director, indicate that so^esfaat less than 70 per cent nitrita ion re-

eovery is re&lised irtwn the reduction is perforaed in tl» absenoe of

atngsaous l^droxlde. Brsy U), who used aanffsn<^as sulfate as a aouroe

of Bsnganoas hydroxide, sugi-esuid that its purpose is to adsorb chloride

ions which ai^t otherwise interfers, Mellor (11), however. In a review

of the worV done by Patton, shovjs that aaaganous hydroxide will not adsorb

chloride ions in tha preaenoe of sulfate. This, plus the fact that

lumgattous chloride mis used in tttm present rirocedurs, indicates that

chloride ion is not an interference ai^ that the role of aanganous hy>

droxide remains uncertain.

Presumably, ai^y nitrite Ion not recovered in the absenoe of aangaaous

hydroxide is furthar rei-ioed to lower oxidation states of nitrogen, sad

possibly aTimonia, For this rsason. It night be proposed that the func-

tion of the naaganous hydroxide is to fora a nitrite ccaaplex lAilch is

stable to further reduction at the te;;.}jera;urQ uaad.

The ability of aaaganous hydroxide to act as an oxygen soavenfsr



n

i» wll kB»in. ?fith r»«|)Mt to th§ pemmaX diseunleA, hom^r, itm

$urpoM Is thla ear^clty l« not «pp«r«Dt.

SquaUoiui teploUng tho ovwroll zdtr&t* ion rvdustioa ai^ 4y»

fonwitlon prooMkl aooor^ u^ivi

90} Za 4 W3 H^C - HO2 Za(llH3)J* 2 OST

ia»j r (CB3)3i^ .E^-^CCH^.y.*^ ^2: . 2H2O

Plata I llluatra^a tha raUUoaahi, bataaMi tlw tdtrita mod nitrawa

ion ealibraUon ounma. It la apparant ftptii tha tfiacnw that qaMtita-

tita laaofary of nitadta ion la obtalnad, 1Chl« ia teaad <m the

that l.iJO graa of nitra a loo Is atotohioiBat4Pi©»iiy oapakaa «f jtfoouc^ag

0.74 gr«» of ttltrlta i<», ,&«r!h r»int oa tha eurvaa ia an avara^s of fltpa

trlala*

flat* n iBdiaaaa tha abaoypiloo aaxlsa of tiaa <S9» foraal f^oa a

1»0 p,p.», altrata ioa aol ttoa. fha troad plataau axtandlag ffoa about

51S-5IC t^ Nfiaata Ita applla*blUtar to apMrtfOftetoaatrlo datarala^

taMa I Uata tl« raaulta of ataadard additions of nltrato Ior «a

aat«ral &»l traatad aat^r s«rlaa, flsa valuaa ^w raptvi^t and a^ara^a

of flw aatantlBaUoaa for aaoh aoaoantraUoQ i»!loata4. Bafora addi-

Uon, tte asaplas eonUJnad ftroa about 0^3.0 p.p.a, nitra a toa.
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f 1

^•'""
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' * ' *

ftMm U A«i3y«l8 of t^iAoAl mter «apl««.

-s

Inrot of Bo: tM^ HO3 guifigt* Ovfiatlon
,.•• r=, 'a' In •, .3.

aI 0.10 OWU V.C6
0.3C . QJH O.Qi
O.S0 0.55 0.05

_W 1,00r 0,10
1.00 0.03
0,12 0.04

0^ 0.J0 O.C^
O.I0 Qj$ o.(a
uoo 0.90 0.01

^ln» Riwr mter «»UMt«4 Mir taabattaa. E«mm. «ith wiip»iiili<l

•oUdt nM«i4 tor fUtmtlflai «kl/«r «Mtrif^Witiaa«

%iiiiiiitUB, Kinafte, eitgr mtar mm^kr*

%trL1» ioB WMfWd tgr ppstt«M iMMC&taaA iMzv.

%9Mklirtaatlai »8i»|il1,alwd ^ jHfoodwii 6»mtihttA Iww,

9sieh ^«a«» wpmatHf iht tmiiMi of flw tcUla.
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Aliquot pox^ons nen taksa iten th* nitrate ion oonoentnttioa •awdtd

Hm liadt of tte Mlibration ourvo.

It is to be noted that the deviation of the ataadarti additions is

fMNrally hi^r than thoae <m the oalibration ourra. Ihie ia attri-

buted to the ooBoeBlnitlon fiaetors involved • Obviously a 0,1 p,p«a«

addition to saaples already oontalning 3*0 n.c.o. vill deviate aore

than a ooHpariaon of solutlooe nade Vf^ to oont&in 0,1 j«p»m«

Ihe nitrate Ion z«daotion taken plaee ia a eolution heving n pB

of about 3£«8. This fkUs into the ran^^ of 10.2*11.2 deserlbed If

Mlddleton (12).

Selection of (i*4adao{)h«)yl)ti4jMthjlaHMninB lea nan bnned on

Itn qpeed of diaaotieation, coupling aMlitgrf and stability in aqueonn

solution, Pinnon and Koch (13) described a nlnpler aethod of prepara-

tion for this odasy bat the pfrodnot deeexlbed here ia nors suitable for

analytical vork, Solutiona stored for nore thui six aonths In a daric

bottle ware still usaUe, as aere those prepaxed fresh fnw tte hgrdro-

chloride nalt irttioh had been nynthesiaed tso years earlier.

If a alight yellon hue feme in the anlne solution on standinfy

it oaa be removed aith earboa at rooa tssiperature. Carbon thua nned

My introdttoe a trace of nitrate ion, bat this is of no d.gnifieanee

to either the nitrate or nitrite Ion deleminations. Nitrate ion alll

not interfere aitfa the nitrite ion detendnation, and since the ssdne

solution ia added after the siius reduetien step triien testing for nitrate

ion, any additional oontaainsnt alll go undetected, A blank detemi*

nation would be aseeanaiy iAmu ruating a alssd analysis of the tvo ions,

hewsver, alnee then the anlne Is present during the nitrate ion reduotion.
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ftm oouplar vab Aoatn for it« «billtgr to •ovpl* ia teid aolutiOM

mti ftnuiU«D of a f«voniU« color. It hM Imm pawvioailjr uatd f>or

oolnlaotrlo doteiBlsAtions In «le:holie solutions (10) , {15), In fihi^

it Is nport«d to bo stabls.

IjOv rssolts «3X» obt&insd In this prooaduro^ hovrtorf triMB •HmmI

SM tiMd as a solvnit* This pnwamM^ ms du* to octtpsUsf nwMitlaui

tetwao athanol sad Hm dlaiottlin oatlon to tavm an athor aaS tha nor-

al ecu 11 nn -:ro-'.icl.

Ite A^fOMsa hydroohlorids aaXt solatloB vMoaBMited hn« lias a

tsnawidfj to isidbrffo dMosqioaition tad la bast pmpavad dallj. Slaoa

olaritsr of solution is not an iadLoation Itet no daacapodtion has

ocourad, tba eonditioa of tha eoaplsr ibonld ba sharttad vLth a ataaSard

aoltttioa bafbra rasiBg tm vtAmma aaalysla.

SaaeaposiUoa, probably daa to air oxldatloo, ai^ tctt^t Um para

IfX-dtaathyLlHttaphttagrlaalaa aaoa tfaa avictnal bottls faaa bsaa apaaad.

3taraci vfr fraaalar, imaaaltBinstad alno a paMotly aialadaas this

It is iatarsstlnff to not* llMt #Ml ^it^WiOsT is praparad ia alao-

holie aolution, oalj tha nitrata ioa roadlnes ar« Io«arad« ttm daoxaaaa

in dya fbraation balag about 10 par aaat laaa thaa tiMt ototalaad aith

tha aqaaa«s hyAroahlorida aalt. Abaofteaaa xaadlaga titea on aitrita

i«a datamiaations tbam c»ad apaaaaat nftfdlaaa of alilah aoliwit is

msad* Thia ali^t Mfiiat aoaa poaaibla iaflasaaa of aitter aiae, asi^

aaaa or aaaoaiai ioaa oa tka vaaaUoa of tha diaaoaiuB aatioa aitb athaaol

asBtioaad abova*

Iha aad km ef tlta aae (tF« appaars to ba atabla*



»

«% • giVM ^txlta oi» f>st.«»tj> loo MmmitvtUoB vbiR «A«titiitMl tar

ifc« nwvlac nltrtU ioi, it aigr b» mmnmyr to tanit a loagtv

tiM flw «eii^l»1^<m «f (31aaBtiiKti.oii thta tbi four auut^A mi«ommMM

«• Mltrtt» im «m)M«ti«Uoo, A»a aNmId b« tetanlMa «« fitiMHird ao.

liitlaBa tef^BM ftUMtptlag aa mml7&^»,

m«b3anmtim\ ef tt» tM«t«4 mt«r aM^s it ai^Mmitl^r «o»

ora^iAad tor ttx^ot (^erlaattoB tfid aoeaiblj goat atiiitloft asniM

Mjr «MitiBniU«a ia tiM wsuu ite poaaiMUty of rmrtriMi takiag

plaoa lAth podtiiw HOatla* is aoaalABfad to ba m»ta.

»• £Bil0ai«c iiMittl aoimtiAaa laUtiac «an«MteaUc« to ab-

imTTinnnt aara 4sffi«i4 fkaa tb» aUibmtlaa aorvaa* SifMtiaa 1 i^pUaa

to aitflts ioa aa« a^aatiiaa 2 to aitvata Um

(1) C|||| • U79 A

(23 Cj^. - SUA A

t*a»a C la aeaae r _ , .. . ., aad A la «l>aarteaaaa« Ilia aalcr «b.

an«a» iadax Ibr tta^ «Maa4 ia a6,»a.
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sxHSSuunEAi. par; xx

Cotipllng Charaotsriatlos of (A-trlaethylaamonliiiwyl)-
diaioniwi oatlon

To fortlMr 8t<^ tli» eoupllaf MWflor of tha di«i|||ii9 inHon foratd

^Jl!r diaaotlcation of (A-'3«iitot!h3nTl)trin»'tii7l asaonlYsa ion, the ptoo<t&acn9

of Laafaort and Gates (5, v; ^xq ossd to affoot it>s tranaf«r to a ofttion

•xshttjici i««ln. Cm oation tboa iaolatsd eon 1» saftl^ stor»d, and •«••

ily diaidian^H ftpon 14» rasln by the action of axeana Tiotasaltca (ShXorids,

tlMWtgr bseoBlag roodily avaiXabld for i..Matil,at» usa,

. Tha oolor«i obmm^ from tha ootqpling of tha dlaauiitas oattoa «ith

Iwatg -tfayaa 9mmm Modhanlosl raassnts In dlfferant pU rangaa an liatad

In Tlablo 11,

Of the aoaqpooada tastad. Him^ itMitf ffeon pbaaol ma aalaotwl

for forthar <{aa&tltatl-ve invoatisatlon, Xte linear ralaticoxahip in aa-

•ovdaaoa with B«ar*0 Lav ia apparent froa oonaidaraticn of the ounrea in

Plata III.

It is to ba aetad that tha pH valuaa of tha solutions xaates. an

lonar thaa thaaa axpeotad Area lAia boffar aoluUone oaad. This is at*>

tribatad to aooa IgrAPOflWi ion iBtro^taetioo txom tdba rasln on ttlah the

dHaaoaiua eatlon ma ttipttMi*

apa«lal SaAgaAta a»a Bc(QipMat

All VMgaBta ara of Hia teat atallftble frad*, (.

(il-trinethTlaniaoniQrnhenyl)diaaoiiitBB oatloa nwartadad oa ^laarlita

IR-120 (H) aynthatic oation aaiSianf^ ^^«»ln, (praparad by tha aathod of

iiaabart aad Cataa (5* 9).



22

)biM««BaM«BMBnaBBRHaKai

•o2«tdor.

•ol •©! fU» It.r

*«** «•* >>1 «ol ccl vol

in «Md ooi 90:! Ml
n«<i* tBi««« a«<3* n«o«A«er^e «e-d

. jpt.7 «s«i wji o&j y
?5ii!f,

'

«* n.y o»l aoi 1%^

<M« «kl^^ ool ft.y lt.y
mm * • •

«•» ft.y y y y
«»1 Ml lt«:- y y
mOL 4m»X ft«y o
••I fUy '^t.y jta« g.^
••} «-tr f^ • yi.0

•a •»! Ml Ml «•!

•93U. Miwiiii b, iM«i w^ wm

.o.» a» Ami^ iiimm itm mlaiMm Im« tM» mUr limit}

i^..



f 'i

SXPLARAnOS OF fUSR III

ibaorptlon ourvos of the cly* f':natd ttom phtaol «t
pn 8.8 and i;?.5y (rsoonl»d at 4i5 ^a)
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li«ottai« AAld.

(hsOaavtU ttsld*

lUialuii p«atothtnat*«

FoUo aold.

A«MNHaie Mid*

ffhtltm ihlo(iid»«

i-4iiMitol.

1.

AMtoqrlMMtc^t.

Z«tda9ol»»

B»<aMMI Modsl m qfOMPte pvlM «pMtv»pl»otM»ter«
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Buffer Solutlcna

ft 5/11 mAm tfibtata and 1 M aooUc add. Has 6 .0 grm* of

•odlnB AMtattt trilqrdrait* and 28«8 nl. of glacial aootio aold per 1^0 blL,

of aoXutloa.

I)H 7, 2 M ttEawBiva aoetoto. 0m 77.1 graas par 500 al. of aoluUoa.

ffi 9y 2 H dlpotasaliiB tgrdrofn pbo^phato. Use 22B grans of dipo-

taosliai l^UnHPBL phoipliato trli^rato r^r 500 al. of 8oluti<»i.

pK 12, 1 li aodiuM oartesats, Uao 106 graata of aodlwi oartenata,

mAsgixoMBf par 500 ml. of aolution.

QuailtatlTa InvaetigatloBa

84r]pM^'meit aolaUona of tbs eoaqpooade to be taatad vara gNfMliik

(itMNPa aolubilltsr faotora praoludad thla, aaturatod aolutlona nara uaad

iastaad). Tb ocm ad. of thaae aolutlona, rivo ml. of the boffar raagaata

or aatar aaz» added with atlrrLng, and than one »1, of tba (^-trLoathjl^

anBinn1uaihany1}i11 iinnlna oatlon aolutlcm «aa addad. Colors tnra Judged

after aavaral aliiatas standing*

Iha dlaaonloa oatlmi aolution aaa prepared bgr aixLng one-fo^jrth tea-

^eott (Xe'oal easore) of potassium (^orlde aad <»» Imvl taaapom of

tiia diaaonlua loBi^realA ooaixlnatlon vlth 50 al, of aatar.

Qoantltatlve Investigations

^BititatlTs dataxialnatlona vara nada bgr praparlng solutions of

pbtmaSk la tha rapi of 0-10*o p.p«a« fisB al. of ibmm selutloas vara
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pl{«ttod into a 50 1« bMker along with 2,0 al. of tli« b.;ff«r tolutloa

and 1.0 !cl. of tha dtasotiluB ion aolution. Aftor ^IrV minutaa ab«

amrbaaea rsading tnre rvooried at 445 bu.

SlPgRUtaOAL PART III

Sodifitd ntra • Ion datarainatio): Ualng Partial Raduotioa

- In tha eo^irsa of tha praatat invaatication, it aas found that a

iiaplifiad atodiflo xtion of tha nitrata ion datarainatioa daaoribad aar»

liar eovild ba uaad. tha baais of thia aodifieatlon entails Urn alia*

inatlon of tha wanganoas tagrdroxida addition as aall as tha erltical

•entrol of taaparatura* "Qm aaaa attlM aai oonplar ara uaad, «ith tha

axcaption that tba co plar ia praparati in aloobolie aolution, triii^ la

atcibia for at laaat 6( days (13).

Iha aediflad prooadura doai not afford atoiehioaatrio raduotlon

of nitrata to aitrita ion, Hoaaver, the ravalta obtainad ara aiiffi-

eianUy raprodueibla to ««^^at its uaa aa an ae?»ctabla quaatitatlTt

Mthod.

!)aagaata and Sqoipaaat

Onlaaa oIlMralas iadicatad, tha aaaa raaganta ara uaad aa in tha

pravioua nitrata ion prooadura*

Coupler aolution, 1,0 ad. of II,B-dl«9thyl-l-aaphth3rla«ina par 230

al* of 93 p«r cant athyl alcohol. Ihis aolution dwald ha atorad in a

dark bottla.

Ziaa aatal, unaaalt^uuta l
, granular, 2C aaA*
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Standard spoon measures,

lltrata Calibration Curv«

pMpara nitrata ion saaplaa in tba ranga of 0,l-5,0 p.p.a. To

30,0 al, of the saaplaa in a 125 nl, iSrlanneyar flask, ad^ 5,0 nl, of

%bm awionl

«

raagent and ona-half taaapoonful of sino. Stir for thra«

and OB»«half alnutaa at a oonataat rata* Daeaat tha (pxpantatant liquid,

rinaa 1^ flaai^ with tuo Mall portions of aatar, and add tha aasb 8olu>

tlon ty tha dacaatad liquid. Add 1.00 aJ.. aaoh of tha aalna and couplar

sol Uonfl. Acidify dropwiae irtto eoncantratad hydrochloric acid UBtil

tha claar rad color of tha dya appaa* a, than add fiva or alx di«pa in

aasaaa. Diluta tha rad aolution to aacaotly 50,0 ad. and raeord ab-

sorbanoa ra*ding8 at 522 au on a aijactrorhotoaatar at'tar 20 ainataa.

It la aasantial that tha tiaa attd rata of atirrinr b3 tha Moa for

aach trial. The conbinatlon vbleh prodnoaa the aoat iBtaaaa color should

ha datarainad on ataadard aaaplaa. For tha tiaa Uetad above, a aagaatic

atirrar operating at approxiaately 900 eyolea par minute (by atroboacopic

aaaauriaa&t) aaa uaad.

Ika atirring rata can be eoavaaiaAtlj regulatad by adjuating tha

•tlrrar juat balev th« apUihiiis polat. A certain ainiaua w^md ia

naadad to overcrraa friction due to the rough layer of gran lar sine.

The range of diffaranoe batveea theaa extraaa ratea ia aufficianUy

aaail to affect a fairly oonataat value. Values obtained for five aue*

•easive ruaa are plotted in Plata IV, curva 2.

Whan atirring ma dene by hand (at a rate eat-Abllahed b the opar-

'.V .^ *
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tAiOf)f a t«pi<S •vlrliiif aoticm for four minatas and oas taavpccaiful

of zliM war« Miplo7«d. A ifoireas taking looticm ia unda^LraaUla dam

to tilt poaaiblllty of ralaaalnr flna sine ^>artlclas into mMpnuAenkf uhleh

wotslA Intarftirs niih the final color. The r-^oilts of a aiiagla aarlea of

trials using tba haM stirring oathod ara shown In Plata IV, vurvs 1«

Diaottsalcn of liodifiod Nltrata Ion iiatffrKinatloa

Saeroam of this datarstinatlon raats mlth tba ability to foxa rapro-

duolble anoxmts of nitrita ion \>f aaiatainJjiig a oonstant Una azui rata of

stirring for all sesploa* Tha oonoantratlma-abaoriMLaoa ralatlooi^p

OBidar thaaa conditions ia linaar in aooordaaoo with ^0r*s Lav.

Plata IV llluatrates tba tvlationship batvgan tfaa axperiaaatal

nitrate ion <K<libration eurva (ourva 2) and its thooratioal quaatita-

ti-va Talt30 (otarve 3). It is ftpparant fros the diapras that about tao*

thirds of tfaa poaaibla anotftt of nitrite ion is raooverad* At laast

ton per oant of ttiis is attributad to tha alc^oholio oo'iplar solution

M dlaouatiad earlier*

Saoasai-va aawtmts of adno tend to 'aoreaaa tba aaount of nitrite

ion formed. Liberties laay be taken idth tha «nocait uaed in the nuBfli

of l/l - 1 tea.->jx)onfal, Approxiaately e<|aal portl<»a tdwuld be uaad

in safsoassi've trials* Attaspta to trngloj a tino ooluan pronrad lata

iOMaMfU. tbaa tte stirring tealmi<|(ie«

Bt|^ twaparatures my aauae slight errora. It was found for e3D>

mpljai that heat gHoarated by the aa^Mtio sUrrar after prolon^sd oaa,

vat responsible fbr sone darlatioa. This was xvaadiad bgr plaelng tao

thin aebastoa mats bataaaa the atirrey tad fladc*
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Inor^awd stirring rates «»ro also possible vhsn the aata «»re

used. The docraaae in aagMtic attraction batwaen the stirrer and

stirring bar, due to greater dlstance » Ij ened the friction bateeen

the sine and stirring bar and peroitted faster rotation. A aeries of

trials at lower temperatures showed no noticeable deviation trcm the

reeulia reported at roos teaperature*

Ihe procedures reooaanended ptrevioualy for nitrite ion aad chlorine

resKWil apply equally wail to iha present deteraination.

The follovdng equation relating concentration tc absorbanoe eas

derliwi'i from the nltrax/a ion calibration ettrvei

lAtere the iqrabols have the same connotation as those previously used.

It Is the author' G .arsenal feeling that the awdifled nitrat* ion

determination just deseribsd is to be preferred over the one awntionad

earlier, ivhile eoae sensitivity is lost when rartial reduction is used,

the bsnefite gained by simplify ng the procedure are a distinct advantai:e.

For all practical purpoeee the precision of the aodifiad aathod is oompor'

able to tlie one involving com-leto nitrite ion recovery. This, plus the

fact that ^« partial raduotion metlnod le eaei-ly adaptable tc field work,

tend to make it more applicable for general use.

COJCLUSiai -

Two FToeediirea have been developed for the determination of nitrite

•nd/or nitrate ions in water by utiUglng the dlaeo-ooupllng reacUon.
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Tbm first satbod, la vidoh nitrlt* ion la VBcowred qttmtltatl'roly, has

grea >3r aanaltl^lgr, nliil« tb* Mocnd asthod, vdiLoh depends on partial

MKtaoUon, is siaplsr to psttova^ Both aodiflcations vera fouoi to be

wdtable qoentltatli^ t rooadoree*

Pot the flrat tiae, (4-e«1ni»piieiyl)triaethylaaBooliai ion bae been

tteed aa an mal^rtioal vei^nt* It was found to be x»adily adaptable to

tba nitrite and nitrate ion detwainattLcns^ and a vaXaabla aid in tha

iwaoval of altrito ion. 'Sb» latter use arising ttom the ease idth alddi

its diazoniiDB oatlon oan be isolated by ion exehaage teohniqiMe,

A new aethod for the xeaovaX of residnal chlorine, isdiioh ia an intar-

fsrenoe to the nitrate ion detendaation^ has be«i developed, Presoaably,

the raaetion involvad roraeeeds by diraot dblorination or addition to a

catiov o T.h:npp ronia,

5J» diaioaitiB eaUoa derived Aran (4-«KLBOi)h«Bjrl)trlaethylMonim

ion ims found to be capable of coujxiiag with various eoapouads. Its

bdhavJor in this resnoot «as studied under varying pH oonditiens, aid

the oolors of the aao dyes it foi-aed with tiwaty-three biooheaieal x«.

afMBts wre notad. Qie eoupUag jpredaot produeed by its reaoUon with

phanol MS ftirther investigated, and found to obey Beer*s Law in the

ooooemta^tion rutm ap to 10 p,p»«.
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Ito iHthc .:3 to ackaoitU^ 1^ emtrlbiitioB of Pr« JftSk t

i4HiMPt, :" jor j^refturner, «^ wfntsted th» };)r«tt«i» israwaej-asc

Ite (i4»ftsit lasaoeSm ion in pur« I'iBvai, «aA «»# as

•vw pre . . J in tcHiinir tiM nwlc thf««f)b to «oa-

pittlfltt*

Shis •tail' «*<} Aborted in p^rt V H>tt»6h GMHi D-SD? Ami

4iM X«ti«eaX inaUtetis of flftal^*
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