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a., Investigations being undertakens

This Annual Sumsary Report No. J oovers the period
darch 1, 1960 through Fedbruary 26, 1961. Work under the
contract which has been performed after Anmial Summary
Report No. 2 has been reported in three (TSR (Nos 7, 8 and 9).
In the present annual rejort a summary will therefore be given
of the work reported in these three (TS8R plus a report of the
work performed from December 1, 1960 to Pebruary 28, 1961,

4) l.gh intenaity flash ;hctolysis <[ acetone and some
aliphatic aldehydes.

This part of the work is now ready for publication.
Zhus all the flash photolysis studies on acetons, acetaldehyde,
propionaldehyde, n-butyraldehyde and isobutyraldehyde have been
sompleted. A manuscript has been prepared (G. Wettermark, High
intensity photolysis studies of acetone and some aliphatie
aldehydes), and includes 850 ,ages ty e-written text together
dth 2b rigures and 2o tables. 7The work will be published in
Arkiv f8r Keal and provided with your code number AFOSR TN
J3-602. Printed pre,rints will be availsble about Ma; 15th
and will then be izmediatel) forwarded to your office in
wrussels. A suamary of the work is given below,

The vapour phase photolysis of acetone, acetaldehyde,
propionaldshyde, n-butyraldehyde and isobutyrsldehyde has been
investigated at very high light intensities.

High intensity flash light sources provided the basis for
the experimental investigation. 7Two of the flash photolysis

a,paratus, which have besn constructed at the Institute of



Physical Chemistry, Uppsala, were employed for this purpose.

Analyses for all major products were made on samples which
vere ex,vsed to unfiltered lignt in s oylindrical resstion vessel
(Apparatus II). in the :resent case 1500 joules were discharged
in this apparatus, piving sbsorbded intensities of the order of
1025 quante sec™? 11tre™ with a flash period of 10 usec. The
stotohcometry of the products showed that all important consti-
tuents were measured.

Ly using & very intense point-discharge (Appesratus 11I),
guantum yields for the formation of the main groducts have teen
deternmined in parallel light. The samples absorbed light in
the absorjytion band sround 250 . Flashes of 100,000 joules,
whioh gave absorbed intensities of the order of 10%7 cuanta sec™t
liero'l were used throughout. The absorbed lisht dose was oal-
culated from a knowledge of the various quantities involved.

Thus the spectral distridbution c¢f the light emitted from the
discharge was determined. The duration of the light pulse¢ from
Apparatus II1 was shown to be strongly dependent c¢f the w&ave-
length of the li,nht isolated, &nd increases fror 30 tuv 00 usec
when the wavelength 1s varied fro: 220 to 500 mu.

In all cases the sanples have teen sublecteu to ong single
fiash.

The product yields have been determined by means of gas
chromatogrephy using a flame ionisation detector or a high sen-
citivity thermal conductivity detector.

Heliua was added in some experiments in order to determine
the influence of the reaction teaperatures on the producct yields.

It was found that rea tions whioh are first order with
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respect to radical concentration could be satisfactorily elimi-
nated., 7This resulted in s striking aimplification of the reaction
schemes and has led to new information concerning the primery
whotochemical mechanisms and the resctions of the formed redicals.

Apparatug_ll. Carbon monoxide and ecthane were found to be
the major products. Minor products were aethane, biacetyl, methyl
echyl ketons. acetalde’iyde and hydrogen.

The product yields have been measured as & function of
acetone pressure both in the presence and avsence oi heliunm,

ihe addition of helius was found to cause specific changes
in the ,roduct ylelds, thus the yield of wethane inoreasss whereas
the yiclds of blacetyl and scetaldehyde decreases.

The ogccurence of three .rimary processss nas besh asaon-
strated, giving rise to methyl, aocetyl, nco;onyl radicals and
hydrogen atoze. A complete reaction schexe for the reactions
of these radicals i1s ;resented and dlscussed.

Apperstus_Il1I. The Guantum yield {or the formation of
ethane has been deterained as a function of acetons prezsure
and wats found to decrease from 0,017 to 0.0U9 in the pressure
interval 40 - 1/0 mm Hg.

ihe Quantua )ield determinations show that at high light
intensities
either the recombinstion of redicals to fors ascetone increases
relative to the other reactions
Or triplet molecules are effectively desctivated to the ground
ctate in triplet-trirlet collisions. These two possitilities

ere digcussed and treated mathetatically.
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Addahydsd
Acataldehyde

Apieratus_11. The product jlelds have been determined as
t. ilunction of acetaldeh,de ,reasure.

The analytical results can be desoribed by

CH,CHO = CH, + CO (a)

Cli;CHO = bon +%ku +co (b)

Cll,CHO = # CH,COC, + % H, + & CO ()
with thu relative importance of (a) 45 &, (b) 41 £ and (c) 14 4.
methane and ethane have been deterained as a funotion oi acet-
aldehyde pressure. In the pressure interval 40 - 270 mm g the
quantum yield of ssthane wae found to decrease from J.0z2) to
0.005 and that of ethane from 0,01/ to 0,007.

ryopionaldehyde
Acparatus_Il. The sroduct ylelds have been determined as

a function of :roplonaldehyde -ressure.

The analytical results can be desoribed by

C5CHC = TH, 4 C° (a)
., i Py

ctA.cho »FCH ¢+ FH +C0 (o)
. N A

C2}..)C'HC = 3 C}H‘v + * HE + CO (r)

C.H,CHO = C_H, + H. + CO (s)

02115080 -2 CH -1 +CO (h)

with the relative iaportance of (d) 51 £, (2) 37 X, (f) ced A,
() 8.€ $ and (h) 1.2 &,

Ayparatus 111, The quantum yield for the formation of
ethane has Leen detcrmined to be about 0.02 and was found to

geocreasc with increasing; propionsldehyde prossures,
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n-butyreldenyde

Apparatus_Il. The product yields have been determined at
a n-butyrsldehyds preasure of 350 mm Mg,

The analytical results san be desoribed by

Cyi,CHO = C M, + Ci,CHO (1)
Cyl,CHO = CyHg ¢ CO (J)
Cy,yCHO = Fom, +H,+ co (k)
CyilyCHO = CH, + s, ¢ C0 (1)

uich the relative imporsanes of (1) 50 %, (J) 22 %, (k) 25 &
and (1) 2.7 x. Irace quantities of butane and pentane .ero also
~ound,

Aggtratus 2il. The quantum yields for the foraation of
+ropane and ethylene have oveen determined at 4y ma g ,ressure

5i n-but,raldehyde and luund %0 be U,0L3 and J.u22 respecvively.

JToobutyraldenyde

Apparatue_Ii. The roduct yields have besn determined at
an isobut; raldehyde pressure of 30 am Hg.

The enalyticel results can be described by

C.1,C10 = C,H, + €I (m)
C,1,CHC = % (C5%). + ,*: 4, + CO (n)

C.iL,CHO = C,H. + 4_ + CO (o)

.~

3
~ith tho relative importancs of (m) 54 £, (n) 34 £ and (o) 12 4A.
Aogparatus I111. The quantum yield for the formation of

_i'C.ana hae been detarained at 30 M #Z ,ressure of isobut,r-
aldehydc and found to be 0.038.

eCuzlete reaction schemes rur the reections betwee: NG

WOUL il ITee¢ radicale ars presented &nd diSCuLLGUd: wuut i the
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information ovtained concerning these reactions are as follows:

The reaction between two formwlfrldioals has been shown
O give meinly hydrogen and carbon monoxide.

Tne predominant reaction as & result of a collision between
a wethyl and a forayl radical ;s the formation of methane and
sarbon monoxide.

IThe ratio between the rate constant of disproportionation
and the rate constant of combsnntion of n-propyl radiocals has
been determined to be 0.2 .

ine retic between the rate constant cif disproportionation
and the rate constant of combination of igcpropyl radiocals nas
been determined to be 0.0,

‘nere is indication that long-lived electronically-excited
aldehyde molecules are formed which are deactiveted to the ground
state in collisions between twoc such molecules. in particular,
ror ecetaldenyde this 1& supported by the resulie obtained from

o mathematicel treatoment of the data.,

2) Flash heatins studiec.

f. Jerge number of data has been collected from the flash
heatin; st udies of benzene and various substituted sromatics.
in thece exgeriments a quartz capillary ie slaced inside the
"point-discharge” of Apparetus iiI ((TSR tic. &£). The results
from tha flash heating studics of benzene, mesitylene, ethyl-

bonzeno and phenantrene were submitted in QISE Ne. 3 .

Best Available Copy
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32) Mass-spectronetry.

Mage-3nectrometry has progressed according to plans and
some results have been mentioned in previcus (TSKis. Also it has
been very useful as a check and complement to the gas chromato-
grephic workk which has been indespensable for the work reported
under 1).

b Difficulties, if any, encountered during the reporting
vericd whioh maay hinder progress of the work.
o particular or remarkable difficulties have been en-

cauntered during the period of this report.

C. A briefl statement of research plane for the nexv
neriod. |

The work menticned in the previous ISk vo. 9 will Le
completed and the roesults included in the rFinal (Technical)
Popert vhich i now under rcreparation in order to be ready

bofore June %0, 1961.



de rersonncl and administration
(1) As previously mnentioned fil.mag. u3sta Palm 1is
temporarily working on the project. Fil.lic. lars-0Olof Sundelsf
has measured diffusion by means of light absorption. From
January i lMr. G8ran Rimme has started to work in this field
under the leadership of lic. HolmstrBm and has salready proved
tc be & vory able ocoworker, ‘The following persons have thus
been working on the project
As Project Director Professor itig Claesson
A3 Research asalstants Fll.lic., kertil Holmstrdm
FPil.lic, Gunnar Letteruarx
Fll.kand.lave rFischer
Mr. Jdran [jlimme
Fil.mag. U3gta Palnm
Fil.,lie., Lers-0Olot 3Sundeldf
As laboratory technicians Mr. Andor fapdi
Mr. Bo Malmros
Mr. 3%sta larsson

Mr., Georg llaglund

(2) Other signiiicant actions, such as important

corresyondence and conferences.

The preparations for the Fiftn Internstional Symposium
on Fres Redicals on July 6 and 7, 1901, are proceeding according
to the plars and the proposals for sontributions promise a very
interesting meeting.

ir. Kldning from the Department of inotograpghy at the
Joehnical University in Oopenhagen aspent tnree weeks nere in

vecember to learn about our experimentali technigue,



