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By Marvin Gold anﬁﬁmﬂmnlu Jolly

The Damwmt of Chemistry end lawirence Radiation mrataz'y, .
Univerdity of California, Barkezsey, €alifornia

Tvo types of epparatus ave desoribed for mensuring
the absorpticti spectra of metal-tmmonia solutions with the
Cary Hodel 16 Spectrophotometer. One epparstus was naed for
dslute 80! ace
trated solutions and bad wﬁﬁm for holding the %mim
at any temperatire between thedr bofilng pamm azd 70,

tions at «70%; the other wae uesd for move contets
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In order to study the species which exist 1in metal-asmonta solutions,
we have designed and used two types of apparatus for teaguring the absorption
spectra of thess solutions. BSince such spparatus sre of potentisl valus for
studying kizetics avd. equilibria in solutions of metals end otber éolored
species in 1iquid ammonis ( end conceivebly for simtiar studies in other
low-bolling solvents), we describe here the apparatus avd certasn unigus
agpects of their operation.

ue folloving two fucts were of particulsr concern in the design of the
apparatus.

{1) mwm solitions have ‘snz*y Jarge extinetion coefficiants in
the tufrared, ﬁmafemgnrymughtpaﬁhhm«smﬂam wishes ¢o
investigate any “but very 4ilute solutions. A ahort ught path nneeeauﬂzy
introduces a problem of mixing, and a procedurs st Ve used vhmh inmn
homogeneity of the sample, (2) An alkali metal reum Bslowly with emmig
to fom the correspondiog alxals metel saide end hydrogn. Tais resctich v
mhiyaﬂbyeem foreign mmrmhah&avwmtmmm Bem
the rate ar the reaction increases with incressing tempersture, we &ecﬁa& zc ‘
vork at lov temperaturee in ordinary vacuum iine eqmmem rather than use
high pressure equipment at room temperature,

Appsratus 2 _

This relatively simple spparatus {see Hma-a 1) was mede entirely of
Pyrex glass except for a wooden support vhich was cemented with plaster of
Paris to the bottom. The support was shaped to £t Vetween the m mtal
rods in the Cary sample compartment. The optical cell had a light path of
sbout 0.5 mn. and wee useful mainly for dilute solutiong. The cell was
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situated in an evacuated chamber for inswlétion, Two rotating side arms
vere attached to the upper pard of the ayparstus with standard taper joints.
A length of 6 m. tibing, closed at the bottom, dipped into tue solution and
served a8 & well for a mmrwaammw-themeomk. e outlet pear the
top was for evaciation of the apparatus.

Operation - Hxcess amoniun chlorids (relative to sodiun) ves,plsced
in ome side orm. A smll plece of sodium was éut under oil, rinsed in ben-
vene, and golekly placed in the other aide arm, m whols spparatus wag then
evacusted. The azmular space between the vatuun Judket and- dentral éu’be was
£illed with dxy ice and acetone; then about 30 ml. of ammonia, previously
dried over sodium, was distilled into the apparatus. .The ammonis tmn Aown
the walls, eooling and £illing the optical cell. The refluxing axmnm in
the cell veached & stesdy-state temperatuve of «70°. The apparatus 4as.

Pplaced in the sauple compartment of the mpectrophotometer and the spéctr\mx
of the ga]mnt recorded. BPuring tha reeomding, & biack cloth was noed: %
¢gver the apparatus 60 that mo outside light cowld reach the optics. The
sodtun vas then added by rotating the appropriate side sm. Dissolution-and
mixing took place repidly because the solvent was refluximg. When the. .optical
density reached s constant value at a given wavelength (ebout 5 minutes), the
solution was presumed to e hcmaenecua an& its gpectrum was ne@rt}cd;\ w
Aypsretus 3T |

m optical ¢ell had a 1light path of sbout 0.02 mm and wae used Zor
solutions of relatively high concentration. Because effictent mixing is
hard to aehiava in & cell with such a short 1ight path, the solution vas
© prepsved 1o & mka«up oell and then transferred 4o the optical eeu. o
rotating side arms wers attached with standard taper joints to m top of
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the vesgel (see Mg. 2). Except for the guartz optical cell the rest of
the vessel vas msde of Pyrex. |
An lnsulated @Mboxm&ceeunummmmm up the rest of the

epparatus. The 60ld box consisted of an imner box anﬂ an outer box; separatad
by "styrofosn” insulation. The outer box vas Gestgned to £1t the sample
conpartoent of the spectrophotomter. The lengths, widths aud hoights of
the tnner and cuter boxss were 5-1/8 x 2-1/2 x 5-1/8 inchas ad 8-1/2 x
5 x 7-3/8 inches, respectively. Part of the front wall of the sazple Som-
partment bad to be removed and & slot had o be eat from the bottam of the
box in order for the box to rest on the cylindrical rods in the compartment.
Tne windovs of the box vere 2P mm. quartz tubes, evacuated and umeﬂ 221
nser ous end. The epaves betveen the outer box and the compartment wails
vere ﬂnmﬂvimmm@nmm@mwm free o:mm Ql’mvoaﬁ
strips, 3/8" wide, vere flusd to the box Just ebout the ws&m m order
to exclude light and mintmise exposure of the vindows %0 atmsyhzrie moisture.
An ordtoary fuse clip fastened to the wall of the inver box held the cell in
& verticnl position and two Veshsped steel knife-edges At the base provided
a firm support for the cylindrical cpticsl ¢sll., Two € m. glasy tades ex-
tended from cutside the box t0 the inatde chanber, ome pointing &t the optical
cell and one &% the make.up cell of the vessel. One tube sarved s én eutry
for cold mitrogen, the other as an exit. Seversl pleces of styrofoan, placed
aromnd & square piece of tork cepsnted to the v‘eml, fbm& an mmtmg
cover for the hox.

Jhw H—s?w; gs,rgmgan wag passed thrm@ & copper coil mraad in (3 xarge
" Dewer flaghk of dry ice and mgstons. The nitrogen flov vas sdjusted vith the
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&id of a flovmeter to maintain tememtt;t'ee of 45, =55 or ~65° in the cold
box. Temperwture wns pesgured wmz?, Bubicon portable potentiometer and &
copper-constantan thermocouple taped to the side of the opticel cell:

Operetion - The wMWmmMmmwmlm in ®» horison-
tal position. A& pellet of ammoniun ohiorids vos piaced in s1de arm (A)
snd & piece of sodium placed fn the M‘ﬁﬁb& extonding from the pake-p
cell, (When desired, othwr mterials were sddsd to the delution from oids -
arm (B).) The tube-vas pasled off mear the oud and the vesesl em%e& and
flamed below the cork, The sodiun was then distilied t potnt (&) and the
tube sealed off ot (D). The make-up oell was Sumersed in §ignid nttrogen
sl about 3 nl, of dry amucdia were distilled im. The liwdn&ttwnw

The sodium was dlesolved by shaking smonte 1n%o e Sube conteint yias
sodiun. The wessel was then put in the cold box with the m-ug c&ustnl
y_gaimﬁm down anf the cover pieces ware put into placss The :eam aitmw
vas directed ot the make-up cell and the box was cooled to sbout -60°. fThe
nwmmnmmamw optical cell tnw&ﬂh-}.ﬁ seconds so thad mmm
ot be mchmmr than the make-up cell. It vas inpom'b ‘that this cooling
not be excssaive since if the optical cell were ¢oldar than the moiuilon,
amuonia would condense betueen the windows. The box vas turmed 50°, alioving
the solution to rub into the optical cell, mmnphmmmmmho-'
tometer sanple comparttent (see Pig. 3)s The flov wese mn divocted at the '
cptical cell and cooling continued to sbout -70 v ~72°, which was the lower
1imit. The solution was alloved to warm to -65° and the temperatuve minteined -
until the optiesl Gensity remained comstant st a given vave-length. e
spectrum wvas then recorded and the procedure repestad %0 record the spectra

at -55° and -b5°, It was found that best results wers chbtained 1f the eolution
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wag wvarmed, rathor than cooled, to the desired temparature. Whan cooling,
other glass durfaces in the vessel may cool more rapidly than the solution,
causing amuonia to condonse Shere and concentrate the solution in the optical
eoll. o | -

By using a fogged phatamphi:; plate a.a 3 ﬁl'ﬁéf:‘ in tha ,mﬁ%mniée bean,
1% vas possible %o measure opticsl densities as high as 3.4, This permitted
} trated as

observation of the sbsorption peask for sodiim solutions a8
0.035 M »
y - Tue optdcal cell vas made in the glass shop of this

Miscellar

sboratory. 3 its construction a plege of one mil copper foil wes

used to separate the two Quarts windows vhich were fused to the cylindrical
'vaila of the cell. The fact that the windows were not exachly parallel and
that e portion of the light besn was see«md by the gides of the cell{_'

omtsed the effective light path to vary uitheommtiom Thevefors, .x:é

. calibroted the cell at seversl concentrations vith alkaline potagsium chromate
golutions, When optice.l densitics of the 3700A peak were plotied as & function
of eoneeatm‘bi@a, the curve shoved & nemtﬁ.va aemezm from Baer 'B izw,

The effective light path wae found o change by QG% ok mmm the lowest

ta the highest observed optical densitics. smae ebmmte iam’, is known to
obey Beer's law, a correction was talculated for @&Mm&eptiwl
dmity aud thepe corredtions vwere applied to the metsl-amnonia eolutm'

epectra, The fufrared source wos used for the cadsbration becme ths tﬁ
vﬁalet and visible sources 4o mot filuminate the same aves of. m cell ag
does the. infraved source.

The optical eell was clesned w&th hoﬁ agua vegia. Rinsing was facilitated
by applying & vécuum with the optieal cell dmmersed in wzmsgm&w-\ Every
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. effort vas made to keep insoluble matter from getting dato the cell,
ALl mercury in the vacuum iine was closed off fyom the cell while the

ammohis was being Alstilled. To further insure that no mereury contaminated

the solution, some gold foil was placed in the tbing Just above the stopeock
of the vessel.’ _ , B u |
Addstion af the Fosmstemparatire amuonium emom&e pellet caused: soddum
to be szala“ttem mto the wslls above the solution. In order to ami& this
gplattering, the geuet usg cooldd to the wm:ian Wemtm vith & cam

gl -

bath ;Lmaigtely ‘before ite sddsition.

gpectin were recarded with apparatus I, the vessel was remmd. ﬁom the

_ .co;d box and the optical ¢sll {mmediately lmmerged iz: & ary 10e~aeetene batha
'l'he amunt of sodiwi that had reacted with amania during the run was deters
mined by ming off the hydrogen with a ‘I‘ueplezf pump and, mesduring 1ts pressure
ne calibrated gas buret., Addition of aumonium ahlari&e msul‘bed in the

- regéﬁ,om ' ‘ S - ’
' ﬂab*avgam:sma@xa"q-l/aaa
The total hydrogen evolved vas pumped juto the gae buret and ité preseire
peasured, Two 1liguid nitrogen traps were maintiined, betvesn the solution and

Toepler punp Ho prewent any ammonis from resching m gis bm‘t.. Tha - anmmia.
weighed vefore and -after the absmmm of Amonis . The detisity of pure

was then absm‘be& in a flask cantainm 80% pulfurie-seid, the

1iguid ammonia was uged to calcula’be the volmar the eolution.
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Fig. 3. Apparatus II.  Experimental arrangement for
tecording spectra,

A - Cylmdrma.i Rods

B - Cold Nitrogen Ports

C - Front Wall of 8ample Cempartment
D - Warm Nitrogen Inlet

E - Wood Strips

F - Reference Campa.rtment




