Cold neutron scattering from watar vapor molecules
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It erder to stiedy the effect of potantiol interaclion betwean
molecules, £old neufrons were scofered from saturoted ond
superheoted woter vopors both af a conshrnt tamperalore af
455K, The nevtron spectra were token with the Vme-of-flinht
method of scotlering crples of 15, 40, &5 and 130 degrees
far comparison,
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Um cen Einfisl der Paleniial-‘Wedisalw foungl ewor®an Mclakiblon zu
unlercochan, worden kalie Mefraran an gasdthgeem wnd chechisslam "Woa.
idrdumpl bai a4 wonitanies Tesmparahir won 433 K geatraut. Mit dar
lgemimebade wurden Meulrcnanspabran bai Srguwenbkels sen 15, 43
&l und 120 Gra:d grasonnes

IMiS DESCRIFTOERS
COLD WEUTRONS
SUPERHEATIMG
ITEAM
WATER WAPDR

IMCOHERERMT SCATILRING
ARGULAR CORTRIGLUTION
MELTROM GPECTRA
THME-D¥F-FLIG=T METHOG

Intraduetion

Tha vea of cold nevlrons is especially fovorabla for The study
of refatonal and trarslational motions becouis the inca-
krerant scallering of very slow neutrons from nuclei gives
information en the binding forces. As theze neutrong howe
¢ kinelic enargy smollar thon the mean thermal anergy of
alems they con affectively ba vsed in anargy gain lyoe in
ainslic scolering experimants fo study the spectrum of fhe
alemantory esciiobons of systercs of giems or molacules,
This exparimant was performed o investigote the efMect of
molacular ivtaraction belwaen maolaca’es. As the vopar pres-
sure i3 increosed, one expacts e increased collision frequen-
cy 1o allect the spectral dissribation of Ihe scotlarad neu-
trons, Comparing the results of neutroa inaloslic seatlering
from solurared und superhsated waler acalecules af o con-
stont femperclare con revanl the o Ferances whick con einly
be due to their diffizrence in molecular interactions.

The stugy of the effect of the molecular interoctions betwesn
warer moleccles s also useful ia the dewelapmant of ke
neliron scatter ng model for water. Inthe Nelkin modsl 1]
fhe scatrering wunils are lrealy recoiling H,0 molecules, which
nave torsianal harmoaic osciliatiors ond iselrupic interral
wizrations in ke O-H bongs direction and in the argle be-
twaen fhem. The seasitivity of such a modal o ils vosiom
mode porameters has baen sludies |2, This model wes im-
proved by Meppel ord Young [3] who considered the spatial
crisolropy of the prelon wibration i 1he HyZ molecula, In
tais model the Tollowing system of Torces acss on @ arolon:
& Torca along the girecticn of the O.H bond proporbanal
‘o Tha chargn in the length of tha bond ond o force perpan-
diculas to the band and coploner with the H,O molscula
pregartional do tha changs on the angle belwann fwg O-H
ongs; the redotions of the whale molecule abaul s thraa
erincipal cues of inertio are complately hindered by a har-
manic lersicnz| potential, Me Mureoy et al. [4] considar water
ok o mikture of 10% {ree M0 mofecules of moss 18, 25 %
oggregates of mess 75, ond 45% oggregales of mass 150,
H 15 mesumed thot the infernal wibrational cades af each
molaculs ore uvnaffected by the clustering.
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Experimaenis

The mensureman‘s wera mada wilh the cald noutron Hma-
of-fight facility a1 FIR reaelar (5] shown in Fig. 1. The celd
neutron saurce os shown in Fig. 3, is shoped 1o provide o
"plade bady rodiator’ ks geametry. The ceclant 5 separas-
ed fram the modarstar sa that the soms refrigeront resd no?
bin usied g8 moderclor and coolant, The source wa eriginally

Ygo 1 Herizanie' wsartinn ol tha reocier ond lhe cold ssufras Facility
i cold peccies spactre—atar, (3] beom perl nol For naulren mekreclice
155, menm porl [o: nectias o Arnctameses, (4], coolant feads aed essirals nf
reecl nmulean Facc iy, 18 Migh tok=a and BFE zgunbers
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Fa 2- podsraror dhamber v omadaraler Nilleg oad svboudicn pipa,
Al conlesr pipas, (1), caol=s wpiral Al —ececatar resersair, ). dheemal
radialicn chield

built bo wee liquid hydragen both a8 mederalar and coolang,
but the npeention wias dens wilh alsohel as moderator coal-
ad by iguig sitrogen. The maderator chomber 4 surrounded
7w o thermaol rodiaion snield conlad by lguid nitrogen which
is ulto vsea to coel the boryllivm fil%er. The beom of cofd
neufrons emarges, through a collimatar and a 31 om lang
Earyliium Fller, @l the espenmertal end of the beam fuba,

The cald nautran heom is callimofed by the shielding eall:-
mator insida tha vecoum cawe of the cold nautron source.
The camgle Ty located 22 cm from tha center of @ Fermi 1ype
chopper with curved sl te. Unscat'erad neutrons sre coptured
by o beam catcher, Fligh® poths were cheut three meters and
the spectra were accorulaled in 512 chonnals of a mulk-
channel lima gaalyzer,

The vapors were kept in a leak-tight somple haldar thawr in
Fig . muce of o £2cm lang aluminium cylinder of 53 mm
innar digmeter ond 35 mim owall thickness incorparating a
COMOSEAL joint and o salsty valve, The seclicn axposed be
1tha naulicnd wos thinned down to 2 mm in order o reduca
Ihe bockground rewtrans scatiared from the sample hoider.

The weler vosor on e path of neutrons wos agquivalent to
abeut D2 mm of liquid water, The vapor sumplas veare chosen
os thin as proclicoble in coder fo minimize the multiple sez)-
taring eifecl,
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Tha tamparature for bath exparimants wos 1827 and the
dunsity of superheated vopor was 75 %e of thal For seturated 18 p
vopar. The lemparoture was messures by o fharmocoupls | :
syitem and was outomatically cantralied within 120 53"
a lr
The room bockground ¢ FIR is very low due 1o fhe low @
I ' i L=
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g T o . woll emply somple holder gove at most mys of tha 1slal
T oam b 2 L sigral. Tha spectro wers accumulated in 512 channsls af
- - ' £ multichannel time onalyzer af scottering angles of 15, 48,
| A : ; : £5.3, and 120 degrees and obout 130 howrs of reactor opara:
o il Fi 0 HiT SGBEO e tign wos cansumed for the mesturamenis,
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Fig, 4, Timm-al-flight speere of ooid nuuiiess frmim sulurated sl gupsr
sanind wElE” wapsr oias vy o NES 2L ol wovbewi scotaring onghel weith
shee ‘colculnmed bdwnally rotice miabetonl aros ere = fra ofder ef £ e
Ty Epr nebees soecira ood 10 ks 1 e b l4tentisy miios)

Dhscunsion

The Fig. 4 shows the cross sscfions os o funcion of the
ve'pcity ol tha scodesed neviroms for soturated omd supir-
heored weler vopors of 182°C with the colculoled paint to
po'rly fotior. In this figure the counting rotes i1 four edjocent
chanrely were smoothed eut and the bediground is sub-

wacted. This smocthing orocess cormasporss o the expesi-
mante] resolution ond (herefore hoy ne* imlroduced any

srror. Ore moy conshivgl error fogs on the points of nes-
tron spacira wilh 5 16 7 percent erron ana 12 ta 135 parcent
for inleasily ratios

Al 15 degress 0 quas-elostle peok is observed which de-
c-puies ir irbensity for higher scottering ongley and compiede-
ly disopoeers of 45.3 ard 120 degrees. Alo on energy gein
poak of about 600 §s'm wos cbisinad which increcses in
tensity with increasing argles. This peak s the anvalops of
rerorional level of woler molacsles. The paint bo point tatio
of irdansities dua to saluroted ond suparhaaied vapors ore
taken. Considering the irtensity rotios poriculaily around
the snesgy gain peak, B seems thet thers i no noticeable
efec: on 1ha maleculor nt=rociion habwsen moieoules dua fe
the pressure vorotion produced in (his experimant,

Infermaiion ebout the diffiional motior &5 obtained Fom
the widih of the quasi-sinslic peok and an inspection of Fig. 4
thorws thot tha diffuaion of the water molecules is rother inde-
pandent of the npeked pressure. This fact which wos esarliar
known from MK studies, is probably due partly 1o the open
sruetire el water molecules and porily dae 1o the slong
intar molecsbur bonds in woter, A similer effecl hoy been ob-
servnd with the sudy of vorioes zolypheayl molecules 761
[ataved on 39, 11, 19E
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The andhiar wishes fo ihank the il of e Reocior loboro-
lory, TRX, Finland, fer thelr belpfu! nusistance In pesforming
ihig axparmmenl,
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Tableaux
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Gammaenergiotabellen zur Aktivierungsanalyse
Tebles of gomma ray energies for octivation onalysis
énargies gomma pour l'onalyse par aclivation

(1970 256 Se'ten, Format 11 % 17.5 cm, konton!art-cellophorie-d DM 16,00
Towha ie dewbach, anglisch und franzBsit - Languoge: German, Enphsk. French|
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