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constructed h~·- hi~:t D.nci for t,he hcl;) I'Ete.u:.1:</1.:Ki. ;;.n 'hhe 

,a·it.in?, of this U1esis. 



Introduction 

lLeact ions o.f liquid amw.onia solution~ of t¥tals with oxides of 

the non-rietal.s have been studied but very little (1) . J. variety of 

products is obtoinc.>d d1..;::,e:lding on the oxide used, as is shown by the 

reactions of carbon monoxide ., carbon <.li.oxide, nitl'ous oxide, nitric 

oxide and ni tio gen dioxide. 

Cm·bon monoxide (2) forms a sl:l"ies of metal carbonylo upon 1·educ-

t.ion. These are o! t wo types, 1-.CO and H(Cv)2 , where M is either an 

alkali or an alkaline-earth metal. The structure of these compounds 

has not been completel.r determined.. 

Carbon dioxide (J) and sodium in liquid annonia have been shown to 

f,Jr:ro sodiut:1 cm·bamate, NaCOzNH2 , at - 50° t.o ..w° C. and sodium formate, 

HC02Na, at -25° to - 30° C • 

.Nitrous oxide (4) is reduced by sodiUtl or potassium with the evo

lution at' nitrogen me. the i'Ol"mt.ion of sodium hydroxide and sodamide. 

Further reaction of the nitrous oxide with the omide g ives sodium £.. ,ide, 

NaN3, and more sodium hydro.icide. 

Nitric o.dde (5) fvrms gelatinous precipitates w.ith trie olkali an:l 

alkaline-earth metals in liquid a.i:n10nla. '.1.'bese have bero assigned such 

formulas as Na(t-.0) , (lfaNO)n., Hnd BaN2o2 • Although (t al.v)n i'oz·mf> the 

sa.Me silver salt as hyponit~ous acld., Dcbye- Sherre~ diffraction patterns 

sh~; it to be di f'f erent fro . sodilll:l byponl trite. 

Nitrogen dioxide (6)., while not fully investigated, seems to be 

"·educed by a solution of barium -witil the .formation of tho same caapound 

with barium th.it nitric oxide f'aras . 



The reduction of metallic oxides by alkali rtetals in .liquid ammonia 

solution, like the correepondint, reacti on with non-metal o..ddes, bas not 

been studied tv any great, e.:..r,,mt . 1rt gent3i'ui (?), o..tldes of biSl1l.utn, tin 

(1I) and ( IV) , .lead (II) wi..l (IV), zinc., nnd cudmiwa fP. ve intennetallic 

cat:pounds \·:ith tre r.:;ducing metal i-hlilE: m.lver, coi>a.Lt (Ill) (8) iind to 

sooe extent iron (II) ar& reuuced to t.hs ft'ee metal . Copper (II) oxide 

is quantitatively reduced to coppe1· (1) oxide which under;ocs but little 

further red.u:;tion to metal.lie copper . 

The 1·eduction of ,aseous sulfw: dio.;cide by metals (Y) has recaivcd 

considerab1-e st~; howevei· , none of theae it111t-lstigations 'l!la1·0 carried 

out in liquid ammonia. l' .. ost metals when boated in b'l..l.l.fw-· dioude 6as 

become incmdescent md f01·m both 1~tallic oxiavu and sulii.<.1es. Others ., 

such as potassium., ii.loo ,.;ive small ar,ounts u1. thiosuliato ~ihil" copper, 

silver and catlmiu.n i'orm sillates togethei: with small amounts of sulfur 

t1•ioxido. I n general there seems to be no way OJ. !,)t'edicting the products 

of the reduction as c n be st."'en 1ran. t.he exarnploe mootiont::d. lulfur , 

sulfur trioxide, and s&.lt~ of many oxy-sull'Ul· acids a1·e formed. 

Scholrle,· and Denk (10) reported thi!t. th~ 1·...nuction 01 51.llfm dioxid.e 

b.f rine;,ly w. ilided ~inc in absolute , lcohol reailted in tho l°vHno.tion of 

zinc sul.io.xyl.ate, ~n&.l2 ; hOlliever , the.re _seems to be romo question ns to 

whether tnis might not have been zinc di thioni to, ZnS:P 4 • J:ter consid-

erati on of all of these ,~eeearcnes it seeued. likely th~t in the 1·eaction 

bet .een :aodiura dissolvud in liquid 81:miOnia ~nd sulfur dio..dde , the 

principal product 'dOUld be either oodium si'lfide, eod.iUI:1 sulfoxylnte, or 

possibly sodium hypomiliite. The t41ations cor.·esponding to these 

hypothetical reactio!ls ru:·e as !ollous: 
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Tho reaction between gasemm Bmt10nla and suliur dioxide Has studied 

'I'he results af tl:ese investigations aro in cl ooc agree:ncut.. Accm•tti.1'4 to 

these investigr:;,tor·s the p.r·ocit.ct obtained depends on 'Lhti relirt:J.ve concentru-

tions o.£ the initial reactants. If sulim· dio;dde is in faxces1J, tbe 

CI'Jsttlline powder. It deco1,4:')oses nt 3590. into its com;titum:it gases 

wa:ter it is ,re::.::r s.:1luble, but it io almost insoluble in liqu.id arnnonia. 

In 1911, };phraim ewl Piot:coHski (lJ), roinvestigr~ted the probhn 

i3nd confi:cmed the previous ,.ork. 'i'i:1.:::y ~lso found Lhat by cha."lgin~i; the 

In these eaI'ly 5.nvestigati ons onlt the t,.ahytlr(ms gas,as uore used .. 

ii.eactions we.re carried out. by I;.tl.xing them directly in ;;, suitable container 

or dissnlvinz; them in dry ethe1~. In acl~ t,.., prevent decornposition or 

below, witch iced water ol:' brine. 





STATEltENI' OF nrn Pn.UDLEM 

In!arniation concenli~ tho reactions of non- metal oxides with 

.. olutions of mete.ls in 11.c;µid all\'llonia is still rather incomplete., and 

our umerstaming of such reactions i~ not very satisfactory. It 

seei:1ed desi1·able, thP..reJ..Orc., to invcstignto the rf:duction oi. sulfur 

dioxide with ro dium in li<.f,lid mt~nia since rulfur dioxide is one of 

the imoor-tant and common non-metol.lic oxides v.hich has not been 

sttrlied. 

\ ith this in mini the f ollO'dne problems were outlined for 

investigation: 

1 i._sr: To study the reaction or mu.fur dioxide and a.m.oonia 

at - 3J°C • ., tm boiling point ~r ammonia . 

s .mND: 'l'o a'Ludy the recuctlan oi mliur dioxide by solutions 

OJ. sodium in arnr.wnia at - JJ°C. 
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LI~UlD AMIONIA SY&TEN: The experiments usill,i licµid azr.-nonia were 

carried out at appro.xit!latel.y - J3°C . and at btmospheric pressure. These 

conditions were obtained by onclosi~ the reactor t.ubes in a tewar flask 

filled wi Ul boiling liq.>.id mrmorda . 'lhe type of np?B,l'a.tus used has been 

adequately <lescribed by Johnson and f eiynelius (14) . (See also 1'i0 ure 1.) 

uJ,.CT01 .. 'IUBZS : The reactor tubes used in this work wer6 of two 

types. O~of these was a a.oublc roact:r tube simila1· t -> that descx·ibed 

by Wot t and •. 001.~e (15) and is shol-m in i' igU" e J . Both tubes, however., 

were contained in a si ngle !Jowar flask . 'i'he two re&ctora '1'o.rc connected 

thlough a sintt>red glass filter sealed tm·~Juet,1 t he side of one and joined 

b.r neans o.r ball and ~cket joint e to n piece of glass tul:>ill3 sealed 

U11'0ugh the side of the other . A sto;,cock wes ol'ovided to L1olato one 

react"r from the other . By increasini the pressure of the am...1onia the 

conta.is 0.1. one., tube could oe iiltere<l into tlw other . All connections 

to the appaJ·atus were maae of stlUUal d- taper ground glass . 

The other reactor tube l.S sho,m in 1 i.;ure 2 . Improver?1oents over the 

fi1·st reactm· CD nsis ted of a larger rcection ch !lber and a meruui of 

introducing 2lll!..onia through a siatero<l glass disc sealed in the bottou. 

I n t.his 1-•r;.7 one of t ht:i gas mtry tubes , which n~mcl.ly extended i.hrough 

'the top and docrt=ascd t he effective vol ume of the cell , was eliminated. 
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UMUUA: Comma- cial anhydrous amioonia was distilled into small tanks 

contain.ing sodium m:u.de i..W.ch served as e. c1ry1nz ag<nt to re:iove any traces 

of water rooa:1Jlll'€ in the ammoni.a . These small tanks were ua-ed to supply 

solvent ammo~a. 

bODIDM: The sodiwn Employed was "reagent grade" Jitt,tal proouced by 

J . T. !iaker Cher,.ictt.l Co . ani st.ot·ed under Jr.¥lene. In preparation for use 

a small piece of tbe netal was trl!Il!Lled of its oxide coati.Ild, lllelted under 

xylene , and broken up into small globules by stirring. After deca"l.ting 

too xylene the metal was transfer.red quickly to dry petroleum ether and 

t he mixture thm poured. intD a f'll t :ring funnel having a sintered glass 

bottom. A ruooer stopper, throu._!.1 \oll ich th 3 end of th<! introduction tube 

was insel'ted, we.::. fitted to the top of t his funnel . The ether wa$ drw.11.ed 

o!f am t.h e sodium dried in a stream of dry nltrogen . 'Ihe sodium was then 

shaken into the int1'0dllction tube., am thi3 was then joined to the reactor 

tube. 

SUU'Un. DIOXIDE: Commercial an.h3drous sulfur dioxide we.s used either 

directly fro:n the tank or firat blbbloo through concentrated. su.l!ul'ic 

acid. 

IJOOMIU!'J. /JO.DuSULl"ITE: Am.""..onium amidosuli'i te was prepared by 

passing gaseous suli'u.r dioxide into a dry etha- solution of til'.!BJlonia 

toll.owing the procech.r e:s of bchumann (l:>) and Piotrowski (L,) . The 

white imoluble ~oduct was dried under vacuum. .Ancl.ysis mowed 

32 .5 percent slil!'ur. l,;alculated fer Nh2(&>~lt2): 32. 7 perccmt 

sulfur. 
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ck °C . P. 11 ~ • stal.s e u ed. in he e i.mmts . 

The c at s we ied 1 one .10ur in m v a 100° ' • • u · 10 '" 

dir ctly into t 1c int uctio11 tube . 



The analytical r::othods were f'%' the i.1ost p.!.l~ similru· tv tue pt·oced-

Ui."'es described in rU.1.'man ' s 11;,cott' s Standard Lethods 01 J.nal.ysia . 11 (16) 

vvlwnetrically b~' iodine 

titration., but it was i'o'l.lrul more satis1act.ory tu oeteJ."'lll.ine it gravi-

uatrical.ly tJy weighing a8 barium sulfate t..fter oxidation with bromine . 

1~rr .... uG.1:~u Nit.1•0 »en was detei•mined as rurnonia by a Kjeldahl- type 

proceduc·e. 'Ihe weighed a-anple w .. s dissolved in di lute sulfuric acid, 

boiled to remove sulfur dioxide, and thEr1 distilled with 30 percent 

sooium hydl'Oxide int.o stan:ierd hydrochloric acio. . The excess acid was 

bacKt,it rnted witn stmc.ard .. odium hytlrorlde . A udc~·o KjulUf h1 app&·atus 

was used tor the distillatim . 

SOD!lrK: Sodi.ui .. ~ ~. dete:i·mi.md ..,ravi.met1·ieally as sodium sulfate. 

!\ few drops of dilute sulfuric c1cid were added to the weighed saupl.e in 

a sl!Wl.1. platinum boat . This boat wn:...1 i'Jnited ani th~ dry r~sidue 

weidled. 

SILV .!..~: Silver ,~as .... et a-mi.nod grav.imet1"ically by th.J a.dJi tion of 

a few drops of di lute h:,tirochlorie ~cid to a solution uf the sample in 

nitr ic acid . The precipitate was tlltercd throuch a weighed GoJCh 

0 crucit>le and dried at 1-10 C. It wa.e \-;cighe<i as oilve.t' chloride. 
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P.u.OC "..DUiUS 

ii.eacti.on between sulfur dioxide ~ liquid anr onia: The fir st part 

o! the t:xperimental .ork consisted of t~ study of the reaction between 

sulfur dioxide ani liquid mmonia. Although tbe reaction of ga.aeous 

sulfur d.ioxii.le with easeoo.s aD'monia has bean rathe1· thoroughly studied, 

it was believed ttu.,,t a preli.mimir;y inv~sU,gati.oo of the reacti ->ll between 

gMeous sulfur dioxide md liquid fil;llllonia should be undertaken, ovm 

through .it seemed unlikely that any p1·eviously unrepOl'ted pro ducts 

10 

\or'OUld be obtained. This study was t:18.\ie under three sets o! experimental 

oonci:i. tions . 

/,ddition of gaseous rulf\.u· dioxide ~ .Uq.tid amruonia: This px·ocedure 

was the most satisfactoxy 01 the three tried. The appnrat\.1.8 shown in 

Figure 2 was ass ed>led, and tho 1--eaction cell flushed out with r.nhydrous 

gaseous ~onia. to remove all nonoondensable gases . ...efrigerat,ion am .Dnia 

l>las tren admitted to the Jewar flask surrwn~ the cell. This muJO?lia 

was kept stirred by a stream of dried natural gas bubbled througi1 it . 

In this manner the tempcratu;re was mai.ntained in tt.ie neighborhood of 

the roiling te:nperature ot' the arr.onis . The pressut·e wns now increased 

on the gas in the cel l by irx:reasing the hoi ght ol t he mercury oolumn 

on the outlet side. Annonia could easily be condensed thus with a 

head or ma ru.ry of ~nly a. few cec\imeta:-s. 

Sulfur dioxide was transfel'i·cd f rom the storage tank to the gas 

burette of t he apparatus, end by increasing the gas pressure by ooans 

of a mercury leveling bulb, it was iorced through a sint<lred- ;l ass 

gas-dispersion tube inix> appro_.Xlliatel.Y 25 1tl.. ui l.iqUi(i aJillloni.a which 

had beGn previouoly oondensed in one or tr1e reacter tubes. A :JJ.ight 

white precipitate was obsot·ved to fom iml-'.iediatoly. 



\<.!thin a ft.-w .minutes the dispei·sion tuba became plugged with nn 

orange-yellow g um \<lihicb prevt:nted further aooiti.ln oi suliUt· dioxide. 

This type o.t g as entry tube w&s .rcplacod in a lster e,iper-l.lllmt with one 

prepLred by producing o. nUlllber oi small hol es in a thin glas:;, bubble 

b.lown on th e end of a secti.on o! , .. nm . glass tubing. This proved onzy 

slightly better 3:1.nce it soon becai!lS plugged al:.o. The most satisfactory 

method of introducin.:: thu sulfur dioxide w&s found tCJ b e by means of ,.n 

open- ended tube. Thia tube shown a ttached t > the right hand coll of 

Figure 3, was p!'&pared by sealine; a length or glass tubing to the bottom 

oi a side delivery test tube. A 11ichrome wi re ,-ws run through a small 

hole in o rubber stopper inserted in the mouth of this test tube. The 

.dre extmdod the !ull le~uth of t,o tube at¥i cw.le.. be moved easily. 

Sulfur dioxide gas was admitted t h.ruugh t Le side nrm. By puahin..; the 

nichrome wire up anct down constantly, the tube oould oe kept clcaroo 

of my rolid deposit . 

Using the technique described above, t ho aa:li tion <£ sulfur dio.rlde 

to li(µid amnonia \las accampli5hed. :.. sample oi what was bel.i...'Ved to 

be the pt·incipal product of the r eaction was obtained by evaporation 

of the excess amoonia tluou~ a .:::ercury trap designed t v pr event air 

and mois ture f rom mt c.--ring tne rcactlon cell. The solid product appeared 

as a white, vory o.ellquesccl\t powder md was kept in a. vacul.ll1l desiccator. 

vnly a snall amount was obtained, h~· ever. 

A.irli t.ion of liquid mu:iati.a .!£. liquid sulfui· dioxide: r or this 

reaction tbe oouble reaction cell iw.s employed. 1n the 1·.igh t ha.lf 

sulfur dioxide w~s liquefied after all of tho air in this ha.lf ~ been 

displ aced with gaseous rulfur dioxide . Anu:>nia was then condensed 

in the l eft half in U¥:! usual manner umer ab.:>ut five centimeters of 

mcrcur;r pressure. 
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.t.fter about 25 J!Jl . oi each gas had been condensed., tho stopcock 

between the tubes was opened and the arru:ionia siphoned over into the 

sulfur di.oxide. This was a.ccomplia1ed by simultaneously releasi~~ the 

preastre on the sulfur diorlde and increasing it on the amnonia . A 

vigorous exothermic reaction w-aa observed tu ta.ice place, and white smoke 

could ue seen risir\; from the SUI·fo.ce and depositi.nts on the sides of all. 

the tubtis . ~uf ficiE.'nt tiesat wus produced to ttvaparate a considerable 

portim 01 'I.he licp.ida, ood tne gases eubsGquentzy recombined in the 

tubes o.f tt.i apparatus. 

Sin: e the tubes in the reaction chamet· had beco:re plugged and an 

obvious .w.xturo of products was produced, the experiment uas c.bandoned. 

No further wcrk wa~ done on this method . 

J.ddi tion 2! liquid s.ilfur dioxide to liqufo &ll .• onia.: hgain the 

double reaction cell wa s used, and the reverse 01' the p1·ocedure just 

described. was carried out. . 'lhe ci .ara.cteriotics o1 the reaction were 

sim.i )er, u.nd apparmtly the same ;rixture of prvducts was obtn:int-d. A 

sufficient amount oi 'th e .bite atlt was pl'<.>ducoo, however, to iclentti'y. 

The or~e-yell<M pioduct was obsei·ved to be soluble in liquid am.nonia., 

am thus by repeatedly conden..<>:\:ng am rt0nia in the reaction chamber and 

.forcine the mlution througi a sintered gla.s6 filter located in the 

oott<nt of the reactor, the inS> luble solid was wasboo free of ooluble 

compoundo . Analysis of the \ohite salt wch was le.Ct gave rcsulte in 

a6reemcnt \-a.th the ex!)ected am. ,oniU!:l a_1lrl.dosulfite . 

Galculated value ior 2NH_;S02 : sulfur 32. 7% 

.Experimental vtlu<Js ft.r 2NHj S0
2

: ailfur 32 . 5% 
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teaction 2.£ ligiid aanonia sol utions o_" sodium with "aseous sulfur 

di oxide : J.. Belies of nine experiments was carried out to study the 

reduction of suJ.iur dioxide by sodiu.;1. Although some 0:f these in•rolve 

variations in ~ ocedur es arrl e.q>ei:'i.amtal con.litiuua, the ... enornl 

p1o cedure will be described here in detail and r ei'erence will be made 

to significant m.odiflcations here necessary. 

Ammonia was condenoed in the reactor shown in l igtu·o 3 until. about 

JO ml.. of liq.iid llad boen collected. A ;oigbed amount ot' aodium.., 

usually U. 5 to 1 .0 grams, was adv.ed by u1eans oi the introduction tube to 

ti1e llcpid anLonia , where it dissolved t o give a d~ep blue soluti on. 

Sulfur dioxide fro::i. the. coru:oorcieJ. storage cylinier was admitted 

to th~ gas buret tc and froi:t ,:.here f01·ced into the solution. ln this 

woy the anount. or gas used cruld be measured and the rat.e of delivery 

cont.rolled. Tho first atte:n:pt,o to int.r-Oduce the sulfur dioude directly 

into the liq.iid amraonia were not very successful because oi the co.obi-

natJ.on of gast::ous run. ania with sulfur dioxide in the inl1:Jt tube. Later 

experirtcnts employed m arrangE.rnent whereby a stream of dry nitrogen 

ga:; could oe used to dilute the sulfur dioxide and sweep back tho a.Q.':¥'.>nia 

1rum the gas m try tube. This p1'0vcd to be reasonably successful although 

sont. amonia still dilf used into this gas stream and reacted 'With the 

sulfur dioxide . /m ad.ditl onal t'unetlon 01' the aitro1.,en wa.s to keep the 

lll.L..ture stirred ef;:ect.ively • 

.:;uirur dioxide was r..dmitte<i very slowly into the solution until the 

blue colvr of the sodiu:n was gone ~n- t. \,ihite p.i~ecipitate r eraa:i.ned . Dy 

this ne t hod s:iall 81:\0unts of the solid product could be pr epa:ed. 

13 
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It was found to be ndvmtazeous, however, t o add the S>dium in Slllall 

anounts and di~charto t. bc blue col.or almost completely -with sulflll· dioxide 

between successive ack!iti.0nn. In sorno of the expt1rillli;:nts (noted in Table I) 

a oil.gut excess of sodium. wes perIJlitted t.o re..,r,.ln in so.lutJ.c.,n uftor the 

sulfur dioxide audition bad been stopped. This excess sodium .;ha separated 

f rom tho insoluble solid bf filtration through U1e sintez·cd e l.ass filter 

and tl-e product thoroughly woshed with fre5b po1·t.ions of liquid amronia 

sever al. times . The washings were discarded. 

The product was P.llo~ed. to remain in the reaction clim.ber until a.ll 

oi the 1•ernaining licpia e.mm.aiia had evaporated . 'l'he cell wa-, then detached 

fran 'the rest ..>f tbe apptu·atas aai t1 e pi'Oduct shakm loose from the 

bottom into a col.lectv1' t,u ..,e which had bee,l substituted for the int.roducti,.>n 

tube. This coI&aisted or a piece o! glass tubing about one inch in diameter 

setled tv a 20/40 stand,lrd- taper glass joint at one end and hav1.nt, U\e 

other end sealed to &. sr.1all stopcock. Thei oolJ.cctor was remvved from the 

app&·atus and immedi.ntel.y sto.i:percd. 1.tter bein,; placed in a vacuum 

dasiccator with the stopcock open, t he tube was evacw:i.ted thruu~ the 

desiccat..>J. i'or &t least 24 hours on ~ eood oil pump iD 11-oc the prouuct 

of tre bulk of the adsorbed llm. j()nia before melysis. The 1•esults of the 

che!Dical ant-l.ystis are presmtoo in Table I . 

,~eaction ~ llquia. ammonia solutions ~ s::>dium ~ anuonium 

runid.osulfite: Approxhtately O. J-J. h grame of 1ine4' c1•.7etalline ai.LT.Onium 

amicbsulfit e \oms packed into a 6mall specially constructed weighing bottle. 

The bottle was built with loops of glas. to ~,ich strings or s1?!al.l wires 

wero attached to permit the bottle to 'be tilted nnd the lid removed. After 

about 50 ml. of anmonia had been conuensod in tbe lar ga reactor shO\'ln in 

Figure 2, the upper half o1 Ule reactor was opened at. t.m 6round glass 

joint me. U,e weighiru bottle lowered into the reaction ehamoer. By 
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re:ncwing tbe lid aid tilting the bottle, the oontents were shakm out. The 

bottle w'f s thm "1. U1drawn ard reweighed to determine tle amount of amido

_,ul.rit e adnod. In this way the water picked up by the very hygroscopic 

ool.t \las minimized om tr..e transfer into the a"l• onia ,~adc quantitative. 

Sociiuo, freviou::ily prepai.· fdd in srml.l pieces ani placed in tho introduc-

tion tube, was now grad.u&l.ly a<ki.ed. t ;;,, the roo.cti .>n n:ixtw·e. A vigOL'ous 

rea.cti Jn was observed t o take place, ard t.rt: 'llUts color oi' the oodium solution 

di~eppcarcd almost &.s fast as it was f<t"med. J:.. s the addition continued tho 

rate ot reaction sle1-1ed consi.dera.bl,y, ruxl the blue color persisted ior 

longe.r periods of time. It was noticed. that the insoluble solid had changed 

to a lie ht yel 101 colo.t' from the original white. The solution, containing 

a trace;: of excess sodiUtn1 wa::> allowed to stand for about a half hour be!ore 

final washing. The amount of eodiUt1 requil·ed by too reaction tJ.:i.5 aeterm.ned. 

by reweir,hi.og the addi ti. on tube ani i t.s cont<:11ts. 

The technique mentfoned previously !01• recoverin~ the proc!.uct was 

followed . Aft.er tho a;ccese arunonia ool'!..(tiun ,as drawn off :through a 

tilter end the pl·oduct drie..1, it wa!.> shdc oo. inti, a oollect,or tuuo and 

evacuated. It was observed tm.t e.t'ter drying tho product ha.d lost its 

:,ellow cola and beco..1e ht1ite again. 

The gas evolved durin5 the reaction was col.lected over w1:tt.er and 

~asured in the gas burette . It was assumed that t his gas was enti1•ely 

hydrogen. 

1,csults obtained from t hese experiments are fwnd in Tab1e II . 
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?IillP1 u.ATivN ~ SILVER ~: txper iments were conaicted. with the view 

of preporin..,. the cor .cespomin silver salts of the ooaium derivatives 

obtldncd fro:n the reaction of sodium with both sulfw:· di.oxide and 

am. oniUl!l anidosulfite. It wns hoped that 1.hese could be shown t.o be 

idcmtical . 

SilYer nitrate was dried and an ama.mt weighed out.. sll j1tly in 

e.ll..cess over thct calculated to replace with silve,~ ill \.he sodiUia present 

in the salts. 'the silver nitL·ate wo.s plLot.."<i in U,.e inti\)~UCti on tube 

tlnd added slowly wi.'th stirring to the ~odium. compounds suspended in 

approximately 50 ml. or c::m!?l.onia .. Upon the addition of the .t:ir st few 

c1·ystal.s, the wiole mxtur-e turned a deop chocolate brown. J.fter all 

the silver nitrete bad been uddetl., the mixture was all<Mad t :.> stand 

tor at lenst 15 minutes. Excess silver nltrate then wns wasned. out by 

repeatedly eondensiue ammnia in th e reaction chamber arxi fal' cino out 

t,he wash liquid tlll~gh the filte.i.· . 1r,fte1 .. tre n.mi.onia had been allowed. 

to evaporate, l.he dry salt wts shaken into t. collector tube and evacuated. 

The results of anol:tses for silver are shown below.. ...xperiuent I 

.1·ef a-s to the salt orepared from sodium, am:noniun arnidofll..l ... rite, a.'1d 

silver nitrate while experiirent II 1 efers to the salt r.e.de f ro sodium, 

sulfur dioxide, aw silver nitro.te . 

Exp~iment 

I 

II 

?ercent Silver 

25 
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TADLT:: I 

action 01' ::iulfui:· DiwJ.de w.l. th Sodium 

ri.Irent Ne. used, so2uaod, 
No . moles mol 

4* o.oou 0 .0037 -- 12.9 

6* 0 .0015 0 . 0013 - 14. 

7+.t 0 .0020 0 .0018 35 21;, .3 

8 +t- O.OJ60 0 .0039 2.7 . 9 15 . 

ll 0 .0136 0 .0032 58.2 -- lJ .2 

12 0 .0254 0 .03:,4 18. 9 - 4.8 

13 .t 0 .0226 0 .0515 J2 . 4 22. 5 21 .03 

14* $ 0 . 0123 0 .02.30 37 .J 14.5 4.3 

1e +=,:. 0 .021 ---~ 42 .0 24.l 

* S' E:.nalysie by iodin~ titration . . . 

t Trace of su.lfide pi•esent 

; Slight exeees of sodium us od 
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DISCUSSivN 

In sblc~ring the reaction between au i .-.. ,. di.,{l):1ae and Jicpid nm.1:x>nia 

solutions o.t sodium, the possibility 01 a .t·eaction with the solvent could 

not, be overlooked; tbel'efa.'o, a aeries of e,g,erimcnts were carrl~d out tq, 

investi..t;ate tbe nature of tne pro-::ilets of such a reaction, The results 

ootai.ned frOM these experiments were qualitative~ in a.gree111 .... nt Yiith 

those expected by analoa:r t-> the compounds reported 1n the llteratw e 

iar the ccmbi.nativn 0.1. these suostaoces in tbe .;a&eo .li pn"se . 

;.;;xpelimental difficulties such as thoee EncounteL·ed in tile plugging 

o! i..be tubes of the apparatus, resulting f r om the: co, _binntion .if the 

gaseous mlfur divxide and 6&1L10nia, de it. a.lJ:iost i.L,possibl~ to rwint.ain 

o reproducible set of conditions . 1 hen the anmonia w .. s present in luge 

excess, as it was when ailfur dia.u.do gas wo~ buobled into liq.iid anmonia, 

the pr oouct was whit c and consisted pt1.ncipal.l¥ of anmoniWl amidosuliite. 

If lh e sulfm· dioxide wos int,roduced too rapic..ly , it d.ld not cooipletely 

.1:eact with tne liq.tiu SJ.u.onia and NWJJ.i cor.J>ine with gaseous am .. 10nia 

tot"tal'<i the top of the apparatus . On the othci· hand,_ il' Ute rate of 

introduction was decreasod or ii' e gas dispersion tube werc used to 

incr ease the possibility of abGorption, d'Xte11oive C<l.i1lrl..na.tion occurred 

in Ule inlet tube yielding a :mixture .->! ID lids 't;hich effectively 

blodc cd t.he gas entrance . 

In an off ort to fur Uler idaitify tl1e product i'or111ed in liquid 

am . ..onia, liqiid sul.f\r dioxide wns allowed w react. with the muoonia • 

.Although the yields of inrol.uble solidn W<:l"e increased, un obvious 

mixture resulted. 'l'he l'tlite p1oduct upon i~olation and purilication 

17 



'l'he rce.ction __ or su_lf'ur Ji o~ddr, with liquid .::rnt1oru.n solutions _o! 
----- - '?(. - ...... -· 

sodium: In acco:i;·da.ncB with the e1m:·ently a.ccepteci views r·e,gardin6 the 

n.B.ture of a liquid ai:10:~nia oo.lntion of fil!1 alkali metal su.ch as sodiur,1, (17) 

eJ:~ctron:s ace ording tn one of the fo.Uowing schet1ia:S: 

') c··1.1 )' -,;;,B Nd,.,.. 
L X t 

+ 

2xNH 
J 

+ Zfa,..,0 
.:. + 

t,.;:;, forr~ ionic carhonyls and ni tros;irls., in which tri.e negative io:ns are 

e(NM )- + co ~ co- + ;d·JH 
3 y 3 4• 

(:{ii Hr,} - + NU ~ ?·fi;'\- -+ yJJHJ t.~ ..... , 

)X 

+ 

18 
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b;r: (1) Htt an.pting to deter,:-dne the rr.:,lative proportions of rcactnnts 

.ceacti.on. 'l'ho seoond precaiu.ce assuraed th.,,t ,::-,, single pure compound 

was f 1:.u.'.f;1ed 01· that a qu.tintitative septil'D.tion could be effect.ed .. 

f' ,;'able I it. can be seen t,na. t there is apperently 

no C,)llfJtmt 1~e1ntion bet.weea the quantity· of s.·:nlium used t~n.d the quantity 

bJ t!l8 extensive and uncontrollable co,iibination of sull'ur dio:z.icle md 

nuuber ol' moles of' suJ.fur dio:.dde tc.~ sodiuru wc1a.:'f found to vary irom 

'l'he results obtaine--.:1 b;t i,n::dysis cf the solid pi'Oduct are not voLy 

satisfying. If tt e sole p:r:Jduct or the reaction is asr,umed to be the 

salt r0r.irosio.mted b:r the f 01·r,1ula Na--.S0.2NH,. th.e c2J.eulat e.i >.)crcent a~es ~,- •• G ., ..t ,,,,.JI' 

interpi·et.ation is found. in the 11umbur oi oxporim-ents in which t.i.--:e nitrogen 

content exceeded the theoretical ruaount .. 
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Consid .. erable anelytical difficulties w0l"e Hncountered tbr·oughout 

t·; run enough duplicate anri.lyses tc::1 determine if the apparent diocJ.:>~p:mcies 

pi·o bably beca•we of lack "Jf homo,,;eneity in the samples taI..:en for 

J,_s noted also in Table I seve:i.:·al •:ral..uos for the su.lfw.' contmrt of 

the p:i:oduct nre except:i.onally LM. 'l'ldB can be attribuL ed ciil'flctly to 

'i'ha v,:ilm1etric determnntion is carried out in acid rol:ution, and ther(!) 

is a oossi b1"3 loss oi' sulJ\u; dioY.ide :f110m the solution which w:ikes the 

frs is ,i,ell knm-m, the detexnin,3tion of sodiw1 a.S frequently not 

natm:·e o:i:' the sample .,i.11d to the variability in thi:l amount ,Ji' surface 

.iteact with the eti1.YiiOrti~ to oontruninat.e thl':i sodium salt. ~3everal 
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a.ll.ON®d t;J r atudn in solution after thi.ll addi. tion of sulfur dioxide 

bad be&"l stop::,ed.. No si gnifi.can:t. d.iff e:i:ences in results were obtained 

gmidosulfi'te.: 'fhe ~pruiments invu lvJ:qg the reaction of suli ur dioxide 

with sodimn in anm.1.onia indicai~ed that little ar no l'i'.;UUCt..ion was occuring 

w:rt..b &:ldi 1..un under much ths same conditions existing in the otb~,:- ty·:.:0e 

Fr·o,;1 the ciata of 'l'o.ble II it can be seen tim.t the nwrbe.i::· oi eq.dva-

dio:rdde. 

L definite end poirrt to the reaction coo.ltl bc1 detected. by tl-e 

a.ppearence oi tl£: cha.1·actm-:istic blue col01.' of oodiUL1 in li(~id ffi'oiJ,torda. 



be 6i splac.E:d urrle:c th<'?Se mnd.itions.. Since thiz S(leliiad to be the case, 

n;) i"Kll.."'c than bn sodium atons 11;ould be ex:peete-d in the f)Ivduct obtnined 

S.t).2 'l '·2 (1) 

in both experiments, the silvm· a.nal_rses j;) not correspond. to an,;· posdble 

pure silve1~ salt or mixed silver-sodiw;.1 sult. Thi::. is shown b,f the 

Calc'd ... • ,0. • • 4 

Gtd.c t d. f vi' • • o: ,.. • 

. . . . .. . .. 

'fhe only co:nclusion, ther·0fra·c., :i.s that .reaction was incoraplete. il.n 

salt in p:ceventing mo:ce silver nitrate fl'l1U contacting t!'1e unrGacted 

can.pound. All of these rouctions 1,c:r·e co~licated by bej_n.f; heterogeneous, 



althcul§l the success or hatt. a.rrl Davies (18) in the quantitative .:.cta

thesis or Ule potassium salt oz' aquoamionomolybdic acid b.J the silver 

salt suggest that it might reasonably have been expected to occur in 

thiB reaction also. 

23 
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i0;a:x. Dwain AJ.t1.ms, son of .,. Gl0t'l 1i.d,.ii1S aru:1 :~lva Peur-y J,dams, 1·1-as }Jorn 

in t,.ed Oak, JoHa, on Eay 23, lW26. Ho attended \.be iied Oak public ~chools 

and hig)1 .t,ehool and I'eceived liis diploma in 194.3. tie th<;,n entered 'i'arkio 

Cal1.ege at~ 'l';J.rkio, .?iissow:1. in. the fall of 1943. t.ftar on~ yBar of 

colle.'.{e he went tu the ti.f.{rJ.J,7 for a p.:riod of two ';fllU:CS •. host of this 

time was :spent in the !:ililit&'Y police in the :?rdlippine !iJlB,1ds .. 

1~eturning i':i::-ora the anv in October of 1946 1w l:'e-Lu.t'ned. to '1'a1·ldo 

College where he received the H •. f,. degree~ in July, l94G. i.frJ c.ra'Olled 

at Oklaho;ua. A. f.>nd H~ Collsge in Septenber, 1948 where 1121 se1·vcd one 

yf,.ar as t2, grad.11Ate fellow in the De"pa.rt.-oont of ClH~nist,ry iu.dle complet-

ing reqµir-cmm ts ior his He.ster (lf Science degi:ee. 

H~ w.o,s fa3.l'!'ied in July oi 191,,.7 to Jeanne Beatty oi' Beatrice, 

Nebraska. 
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