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ments it may be mentioned that the ratio Cl: NH, is very iarg‘é;
The above velocity series must, therefore, be resolved into two parts:
OH and NH, which canse a greal substitution velocity and which
are presumably of the same order of magnitude; on the other side
the halogens and CH, with a lesser velocity, also of the same order

of magnitude. A more detailed description of the above experiments
will be published in the Recueil.

Oct. ’14. Org. Chem. Lab. University Amsterdam.

Physics. — “The reduction of aromatic ketones. 111. Contribution
to the knowledge of the photochemical phenomena.” By Prof. J.
Borsekex and Mrv. W. D. Conex. (Communicated by Prof. A.
F. HoLLEmAN).

(Communicated in the meeting of October 31, 1914).
L. The reduction of the aromatic ketones in a perfectly neutral medium.

In our former communications 1) we have shown that the reduetion
of the aromatic ketones does not proceed any further than to pinacone,
which is presumably formed from the primary generated balf pina-
cone molecule by rapid polymerisation. The fact that in an alkaline
medium hydrol is always obtained, must be attributed to the rapid
transformation of the pinacone, under the influence of the hydroxyl-
ions, into an equimolecuiar mixture of hydrol and keione, the latter
of which can be again reduced to pinacone.

This explanation was confirmed by the study of the reduction of
ketones by means of aluminium amalgam.

Here is formmed a mixture of pinacone and hydrol; the proportion
in which these two substances are formed differs from ketone 10
ketone and now it appeared that the quantities of hydrol ran strietly
parallel to the velocities with which the diverse pinacones are con-
verted into a mixture of ketone and hydrol under the influence of
sodinm ethoxide.

‘Hence, aluminium amalgam in 80°/, alcohol ma3 by no means
be considered as a neutral reducing agent.

‘The only modus operandi that gives the necessary guarantee that
‘ Lomplete neatrality would prevail during and after the reduction is
the action of the aromatic ketone on an alcohol under the cooperation
of sunlight. The original intention of this part of the research,

1) Proc. XVI p. 91 and 962 (1913).
' 56*
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namely the tracing of the progressive change of the reduction, was
soon attained by applying this method.

A series of ketones dissolved in a great variety of alcohols and
a few other substances, was exposed to sunlight (or to the light of
the quartz-lamp) ; i all cases where reduction set in, not a trace of
hydrol was obtained.

The kelone was usually quantitatively converted into pinacone;
occasionally, namely with benzylalcohol and a prolonged exposure
to sunlight a combination of the half pinacone molecule with a
group of the benzylalcohol, namely triphenylglycol was obtained as
a by-product. 1.

When to the alcohol some ethoxide was added hydrol was formed,
as was to be fully expected.

Hence, we arrive at the result that in the reduction of aromatic ketones
the hydrogen unites exclusively with the oxygen.

The experiments were carried out as follows:

Quantities of 5 grams of the ketone were dissolved in 50 ce of
aleohol rendered carefully anhydrous®) and exposed in sealed tubes
of common glass to direct sunlight.

The drying of the lower terms was performed by successively
boiling with CaO, allowing to remain over metallic caleium at 0°,
and distilling ; the higher ones were purified by distillation and both
were then immediately sealed into the tube together with the ketone.
After exposure to the light for some time, during which the course
of the reduction could he traced by noticing the deposition of the
sparingly soluble pinacone, the tube was opened, the pinacone was
filtered off, the filtrate distilled, the residue united with the pinacone
and in the distillate the aldehyde or ketone was tested and in
some cases determined quantitatively.

The exact details will be published elsewhere by one of us, a
few remarks may suffice here.

First of all was investigated the behaviour of benzophenone in
regard 1o methyl, ethyl, n-propyl, sec.-propyl, iso-butyl, n-heptyl,
sec-octyl and ecetylaleohol. The latter only was not atracked, not

L This had already been noticed by Cramician and Smwser (B. 36, 1577 (1903)) ;
the formation thereof is moreover a confirmation of our conception that as the
first reaction product the half pinacone molecule is formed. :

%) Water acts in this reaction in a remarkable manmner as a powerful negative
catalyst; in 809/ alcohol no reduction takes place after exposure for months,

whereas in absolute alecohol in the same conditions, about two grams of pinacone
are formed during ten hours’ action of sun-light.
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even at higher temperatures; the mixture however, was of a fairly
strong yellow colour. :

The other alcohols reduced the benzophenone in some sunny
spring days, with the exception of methylalcohol which required a
much longer time.

The research was then continued with allylaleohol, geraniol, cyclo-
hexanol, benzylealcohol, phenylmethylaleohol, benzhydrol and cinna-
mylaleohol. Of these, the saturated alcohols reduced rapidly and
- gnantitatively ; the allylaleohol was attacked more slowly with form-
ation of acraldehyde (even after two months’ exposure to light, the
acraldehyde was unchanged. thus showing that the light alone does
not exert a polymerising influence on this mobile substance).

The geraniol was also oxidized very slowly, the cinnamylalcohol
remained unaffected (we will refer to this behaviour later).

A few tertiary alcobols were also investigated; it was expected
that these would remain unaffected and indeed this was the case
with the dimethylethylcarbinol after two months’ exposure; during
that period, diaethylmethylecarbinol had generated 0,3 gram of pina-
cone; with methyl-di-n-propylcarbinol the separation of pinacone
started after a few days and after two months 0.7 gram had formed.

From this we notice that when the chain becomes longer, the
activity of the hydrogen of tertiary alcohols gets enhanced, which
enables it, with the cooperation of sun-light, to attack an aromatic
ketone; what gets formed from the alcohol has not been investigated
by us.

From observations of Ciavroran and SinBEr V)it is known that the
hydrogen of some hydrocarbons, such as toluene, is already active
enough to cause this reduction. We have been able to show that
also the hydrogen of the cycloherane is transferred to the ketone,
on the other hand, hydrogen itself was not capable of acting.

Besides benzophenone some other ketones — particularly those
that were previously subjected by us ‘to the action of aluminium
amalgam — were subsequently exposed in aleoholic solution to
the light.

Nothing but pinacone was ever obtained, but the phenomena
oceurring in these photo-reactions induced us to systematically repeat
a large part of these purely qnalitative observations in such a manner
that on using a very simple modus operand a relatively-quantitative
result was still obtained.

}) B. 48, 1537 (1910).
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II.  The photo-reaction : ketone -+ hydrogen'= pinacone.

In order to obtain a relatively-quantitative result we could make
use of a constant source of light and allow this to act on the differ-
ent solutions under the same conditions; for this purpose a small
7 em. quartz-mercury lamp was at our disposal. Yet we have em-
ployed this method but rarely, for instance in continuous dark
weather, because on account of the unequal distribution of the light,
at most two little tabes could be placed in front of the lamp in
such a manner that it might be assumed that they. existed under
equal conditions.

When it had been ascertained by us that the reduction took place
quite as well in ordinary white glass as in quartz, from which it
appeared that a very large part of the aclinic rays was situated in
the visible spectrum, the experiments intended for comparison were
carried out as follows:

A number of equally wide tubes of the same kind of glass and
having walls of approximately the same thickness were filled with
the same quantity of solution, and all placed at the same distance
in front of a white screen, which was placed close to a large labora-
tory window.

In this manner it was attained that the quantity of light that
fell in the same time on each solution was practically the same,
and perfectly comparable results were thus obtained.

It speaks for itself that even then only the figures of a same
experimental series were mutually comparable.?).

A photo-reaction is dlstmgumhed from a reaction in the dark by
two points.

It is of a lower and f:equently of the O order in regard to the
substance which is being activated and the temperature coefficient
is small.?®)

As we found that the active light was situated in the visible
spectrum and that the alcohols do not absorb visible rays, the
ketones are in this reaction the sensifive substances, and so we eould
expect that the guantities of pinacone would be independent of the

1y Also comp. O. Gross Z. phy~ Ch. 87, 168 (IQOI)andE GoLpBERGZ phys.
Ch. 41, 1 (1902).

2) The first property is due to the activation occurring in the ouler layer; from
the sensitive substance only a limited number of molecules can be raised by the
same quantity of light to the same degree of sctivily; even at a moderate dilution,
the reaction becomes, on this account, independent of the concentration of the
sensitive substance and therefore of the O order. This applies to slowly progress-

ing reactions where the sensitive subslance can be rapidly supplied by diffusion
from the dark interior o the light zone.
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ketone concentration (in regard to the sensitive substance a reaction
of the O order).

By selecting the alcohol itself as a solvent the change in con-
centration thereof could be eliminated. (Table D).

In order to determine the order of the reaction in regard to the
alcohol, benzene was chosen as being a general, non-absorbing and
non-reducing solvent. (Table I7) (Chronologically these last experiments
were made after the position of the active light in the speetrum

.bad been ascertained; we, however, state them here because they

enabled us to give a complete image of the course of the reaction.)
We notice that this reaction is indeed independent of the con-
centration of the ketone, but not independent, however, of the con-
centration of the alcolhiol. As the guantities thereof had been chosen in
such a manner that they were amply sufficient even at the slightest
concentration. it follows from the figures obtained that the velocity
of the pinacone formation is proportional to the concentration of
the alechol. ) )
Thus we may represent the reaction by the kinetic equation :

pinacone) _ g 1, [ Aok
dt

With a constant light-quantity, the velocity of the pinacone forma-
tion thus becomes proportional to the alcohol concentration; how
many wmolecules of the ketone act simnltaneously cannot be ascer-
tained in this manner. As, however, pinacone and aldehyde are
formed and as according to the above equation one molecule of
alcohol is attacked simultaneously, the reaction scheme becomes:

C’?HE}OH -+ 2(CBH5)IC() = 02H4O -+ (CGH5>4(COH)7 .

In order to learn the temperature coefficient the ordinary tubes
(16 mm. diameter) were enclosed and sealed into a second tube
(24 mm. internal diameter); the intervening space was filled with
conductivity water and now two of these tubes were exposed to
light as described, one of them being kept at 25°— 28° and the

other at 75°—78°%).

1) Here we have assumed that the change in concentration of the alcohol during
each of the four experiments was so slight that it eould be regarded as being
constant; this, of course, is not correct and we really ought to have taken each
time a -portion from larger apparatus. In that case, however, the experiments
would become much more complicated, because the light-quantity did not then
remain constant duving the cxperiment. Hence, we have rested content wiil the
above modus operandi which is sufficiently accurate for our purpose.

%) For a mixlure ol kelone and benzhydrole we have proved this reaction scheme
yel in another manner (see next communication). ‘

3) Compare R. LuteeEr and F. Wrigert, Z. phys, Ch. 53, 400 (1905).
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TABLE L
o, | Concergtion of the ketone | Quantty of | Rumarks
1st Series|
1 0.1 gr. benzophernone 0.09 gr.
entirely converted
2 025, . 023 , ‘
3 0.50 v 034 ,
4 075 , » 0.36 ,,
5 L— » 036 ,
2nd Seriesi
1 1 gr. benzophenone 0.47 gr.
2 2, " 049 ,,
3 3, , | 0.49 ,,
E
3rd Series f
1 0.1 gr.ochlorobenzophenone 0.09 gr.
entirely converted
2 025 ,, » 0.24 ,
3 050 ,, ” 038 ,,
4 0.5, »” 039 ,,
5 1L— ,, " 0.39 ,,
6 2— , " 038 ,,
7 38— , , 039,
8 4— ,, » 041 ,,
TABLE Ila .
No. glcéngigtzr:rfieogo?gtigiﬁgf)}zigi: Quantity of I'atios |
(CgH;5),CO per 25 cc. pinacone
1 0.2527 gr. or 1 eq. 0.08 gr. 1
2 05054 , , 2 , 0.18 ,, 225
3 10108 ,, , 4 , 036 ,, 4.50
4 20216 ,, , 8 ,, 0.66 ,, 8.25
5 w (pure alcohol) 069 ,,

_*
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- More accurate experiments were not considered necessary as we
did not care for the absolute value, but only for the order of mag-
nitude of the temperature coefficient.

Adjacent to the jacketed tube was also suspended an ordinary
tube to ascertain whether the presence of the jacket had any influence
on the pinacone formation.

The subjoined table 11 gives a survey of some series of experiments.

From these results it follows that the method is sufficiently accurate
for our purpose, the ketone reduction is indeed a photo-reaction
with a small temperature coefficient; this still falls below the mean
stated by Prornikow!) of 1,17 per 10°

TABLE Il. Time of exposure 2—3 days.

| K :
. |
No, Contents of inner tube fl irffgrl\l/)él pinacoge‘ %lﬂ
B !
1st Series
1 2 gr. (CgHs), CO in 25 cc. alcohol | 259--280 0.45 gr.
without jacket
2 .« . . . . with jacket ” 0.76 ,,
<+ 500 2 1.06
3 N (- - 1.02 ,,
2nd Series
1 .. . . . without jacket| 25°—28° 0.44gr.
2 .« « .+ . . with jacket ” 0.70 ,,
: =+ 50° ‘ 1.065
3 O A £ 0.96 ,, -
] ] -
3rd Series! |
1 2gr.(CiCgH,),COin25¢cc, alcohol | 25°—28° 0.27 gr.
‘ without jacket
2 « . . . . . with jacket . 0.35 ,,
+ 50° t 1.095
3 75°—18 0.55 ,,
4th Series ‘
1 . . + . . without jacket 25°—28° 0.24 gr.
2 ..+ . . . with jacket " 0.30,,
+ 50° 1.10
3 S et e e TBo-T80 0.50 ,,

1y don, Prornmow. Photochemische Versuchstechnik, p. 273 (1912}
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That the temperature coefficient for orthochlorobenzophenone is
really somewhat higher than for benzophenone seems to us rather
probable, but this can only be ascertained by more delicate measu-
rements ).

The independence of the concentration and the very small tempe-
rature coefficient now enables us to coutinue following this very
simple method in the guantitative investigation as to the influence
of the ketone to be reduced as well as of the reducing alcohol.

Influence of the alcohol.

The alcohols, as deseribed above, were carefully dried over calcium
and, after distillation, poured at once into the tubes containing two
grams of ketone. These were then sealed and exposed to the light.

These tubes were suspended at such a distance that theyv could
not interfere with each other. k '

The subjoined table gives two series of experiments, the first series
was exposed for three and the second one for six days: particularly
during the first days it was sunny spring weather.

What strikes us here in the first place is the agreement in the
action of the alecohols 2—6: the secondary propyl alcohol gets
oxidised somewhat more rapidly, the amyl slecohol a little more
slowly. In the latter case a stroug yellow coloration sets in.

Very much smaller is the velocity of the pinacone formation in
the case of methyl and allyl aleohol; as no interfering yellow
coloration occurred here and as the conditions were moreover quite
eqnal, this different behaviour must be attvibuted to the particular
position these alcohols occupy.

Although we cannot yet enter here into an explanation of the
process, it is obvious that the reduction of benzophenone will proceed
all the more readily when in the conversion of alcohol into aldehyde
(or ketone) more energy is set free.

The absolute extent of this energy is unknown to us, but still
some thermic dala point to the existence of a parallelism in the

1 The remarkably greater reduction velocity in the jacketed as compared with
that in an ordinary tube, must be altributed to the larger quantity of light which,
owing to refraction in thie jacket filled with water, falls on the inper tube. In faet
nothing could be noticed of this inner tube when the tube was entirely filled; it
looked as if the alcoholic solution has the width of the outer tube, In harmony
with this observation, it appears that the ratios of the velocities in the four series
namely 76 :45, 70:44, 35:27 and 30:24 do not greatly diverge and are about
equal to the proportions of the sections of the outer and inner tube 24 ;186.
{Compare Luruer ‘and WeesrT 1, c. p. 391).
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TABLE L
i
N°, : tity of
{st Seri esz 2 gr. benzophenone in 25 cc. | Q;ﬁ_;;é oyn: Remarks
{ i
1 methyl alcohol 0.29 gr. |
2 ethyl alcohol 0.84
3 n-propyl alcohol 0.8 faint yellow
/ coloration
4 sec. propyl alcohol 0.9 ,, S
|
5 n. butyl alcohol L 6.8,
6  amylalcohol (Bp.130 -1337) 0.75 ,, | Strccgfl‘grggggw
7 ally! alcohol L 0.25
I
| .
2nd Series | | Vi ke
i |
|
U methyl alcohol 0.49 gr. ‘ 1.69
2 ethy! alcohol 1.46 , 1.74
. ‘ yellow coloration;
3 n. propyl alcohol 1.49 not much | 1.75
‘ increased
4 see. propyl alcohol | 1.60 ,, / 1.58
& amyl alcohot (a.ab) | 1.05 ; yellow coloration 4 49
T allyl alcohol 0.42 , | 1.68

velocity of the reduction and the extent of the difference of the
molecular heat of combustion of alcohol and the correlated aldehyde
(or ketone). : ‘

The greater this difference the more energy will be represented
by the hydrogen atoms playing a role in that transformation.

As the heats of evaporation of ihe alcohols on one side and of
the -aldehydes ou the other side do not sensibly differ and as all we
require liere are a few figures for comparison, a correction for this
may be omitted here. We then find for these differences (according
to date from the tables of LanpoLT-BornsTeiN-Rora). (See table 1V.)

The heat of combustiop of acraldehyde is not known, neither
that of formaldehyde. There is, however, a statement as to meta-
formaldehyde: if from this one calculates the molecular combustion
as if it were a monomeride, the -difference amounts to 47 cal. As,
however, this also includes the heat of polymerisation the difference
is' presumably considerably less than 47 calories,

-10 -
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TABLE IV.
|8 B o r |
o8 E methy! alcohol-—(meta)formaldehyde ' < 47.0 cal. |
o= ! |
5 ..-Q‘EJ g ethy! alcohol—aldehyde 47.0 ,, |
g g ! n. propyl alcohol—propionaldehyde 50.0 ,, :
H 7] i
?. % g sec. propy! alcohol—acetone i 51.0 ,,
H o
; €% | amyl alcohol (?)—valeraldehyde ‘ 47.0
oA ! :

The two series of experiments of table 11l were started at the
same moment, the first was investigated after three and the latter
after six days; when the converted quantity of substance is proportional
to the quantity of light and no secondary hindrances oceur, the
proportion of the quantities of pinacone at each of the numbers
1:1/, 2:2' ete. must be the same; these ratios have been inserted
in the last column of the second series.

We notice that this ratio is indeed almost constant except in the
case of amyl alcohol, where a hindrance in the form of an increasing
yellow coloration is distinctly observed.

Influence of the ketone.

The tubes were filled with solutions of one gram of ketone in
50 cc. of absolute ethyl alcohol. Two series were exposed simulta-
neously to the action of the light; the first was investigated after
three, the second after six days. Some pinacones remain very long
in supersaturated solution, hence the alcohol was always distilled
off and the residue shaken with 80 °/, alcohol so as to remove all
unconverted ketone.

The subjoined table V gives the results obtained and the ratios of
the velocities with those of the benzopinacone formation as unit.

Table VI gives a similar double series; most of the ketones
investigated here were not attacked.

Table VII gives a survey of the results obtained in amyl alcohol
as solvent and as reducing agent.

1st.  The velocity of the pinacone formation, according to this
survey, is greatly dependent on the nature and on the position of the
substituent. As regards the nature, there is only one group (the
methyl group on the two para-positions (N°. 7)) that appears to
accelerate the reduction velocity somewhat, for the rest the substitution
causes a decrease in velocity.

This decrease is strongest when the substituting group is a phenyl

-11 -
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TABLE V.

! B Quantities of pinacon{e Ratio Ratio of the Re-

?No. Name of the ketone ’Series }‘ Series 11 | Series | ?;Seriesll 1 /I du&til&n-tvﬂgc‘l)tfle's

, In grams In millimols. | (Cotl;),CO as unit

1 benzophenone % 0.41 l 0.85 1.12 2.32 '% 2.05 % 1.—

2 | 2 chlorobenzophenone | 0.12 | 0.25 | 0.28 | 0.58 | 2.07 0.25

3 | 3 chlorobenzophenone ? ‘fi().l() _ 0.23 — +0.1 (from II)

‘ 4 | 4 chlorobenzophenone - 0.32 | 0.75 0.4 1.73 a 2.34 0.66

5 ' 4 methoxybenzophenone 030 1 0.80 0.02  1.88 | 2.04 0.82

6 | 4 methylbenzophenone 0.41 , 0.86 | 1.04 | 218 | 2.00 | 0.83

1 | 44’ dimethylbenzophenone | 0.48 ! 0.95(off) 1.19 — — 1.06

’ 8 | 4 bromobenzophenone 0.51 I 0.98(off)} 1.— — — 0.90

‘i 90 | 44’ dichlorobenzophenone ? : 0.73 | — 1.45 — 0.63 (from II)

;;iO 2244’ tetrachliorobenzoph., 0.22 i 0.47 0.34 0.72 2.12 0.30

11 2 chioro 4’ methyl » 0.217 | 0.55 0.58 1.18 2.03 0.52

129 | 4 chloro 4 methyl 0.19 | 0.70 0.41(?)| 1.50 | 3.66(?)  0.64 (from 1I)

TABLE VL

13 | benzophenone 0.85 0.98(off)) 2.35 — — 1

14') | 4 phenylbenzophenone — —_ — — - 0

15 | phenyl-z-naphtylketone — —-— — — — 0

16 | phenyl-a- » — - — -— - 0

17 | 2 methylbenzophenone e — -_ — 0

18 | 3 methylbenzophenone 0.80 | 0.96(cf) 2.03 | — - 0.89

19 | 2.4.2.4' tetramethyl |, - — B R 0

20 ﬁuorénone S — —_ — — 0

TABLE Vil. Amyl alcohol as solvent.

21 | benzophenone 0.75 | 0.97(cff) 2.05 - | = 1

22 12 Chlorobgnzophenone 0.22 0.33 0.51 0.76 1.49 0.25

23 | 4 chlorobenzophenone 0.65 0.96 1.49 2.20 | 1.48 ’ 0.72

24 | 4 methylbenzophenone 0.74 | 0.06(cff) 1.88 | — ~ 0.91
|25 phistyl wHaplithylketotie | — - — — — 0

: , | ') These ketones had not entirely passed in solution in the alcohol.

-12 -
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group, because 4-phenylbenzophenone (14) and the two phenyi-
naphthylketones (15 and 16) are not reduced.

Halogen atoms and methyl groups do diminish the single substitution,
but (with one exception) do not prevent the same. Para substitution
has the least influence, ortho the greatest; this, however does not
apply to the chlorobenzophenones (3), so that we can hardly speak
of a universal rule.

The symmetry of the molecule seems to accelerate the velocity.

Whereas the 4-methylbenzophenone has a smaller velocity than
the benzophenone (5), the 4.4'-dimethylbenzophenone has a somewhat
greater one. The fairly considerable decrease in velocity in the
4-chlorobenzophenone {4) is not continued in the 44’-dichlorobenzo-
phenone (9). In counexion with the considerable decrease in the
2-chlorobenzophenone (2) that in the 2.2’.4.4'-tetrachlorobenzophenone
(10) is unexpectedly high.

A remarkable fact is the slight influence of the methyl group on
the meta position (18) in regard to the great one of the chlorine atom (3).

2nd. Of more importance is the fact that the alecohol, the reducing
agent, is of very secondary significance as regards the ratio of the
reduction velocities; this is shown from the comparison of tables
V and VII. The ratio of the velocities in ethyl and amyl alcohol
is practically the same. We have completed these observations with
a few on methyl and propyl alcohol, selecting methyl alcohol because
the velocities therein are generally much less, whereas o-chloro-
benzophenone with benzophenone were compared as ketones, because
the veloeities in ethyl (and amyl) aleohol differ strongly.

The subjoined table VIII gives a survey of the results.

TABLE VIIL | i
! i |
Sol. G,H;OH, || Sol.CsH;,OH, || Sol. CH, OH, | Sol. nC3H,0H,
, Ist Series 3rd Series 4th Series 5th Series
Quantity i Quantity Quantity Quaﬁﬁty
in Ratio in Ratio in Ratio in Ratio
m.mols. m.mols. m.mols, m.mols.
- i il
Benzophenone | 2.32 | 1.0 || 2.05. |1 1.91 {1 2,93 |1
2 Chloro ,, 0.58 1 0.25 0.51 | 0.25 0.46 | 0.24 1.08 10.27
4, 1.73 | 0.66| 1.49 |0.72 “
4 methyl , 2.18 [0.93 ] 1.88 | 0.9
phenyl «-naph-
thyl ketone § 0 0 0 0

-13 -
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First of all it follows from this constant ratio that the Zefone is
prominent in the photo-reaction, that this passes into a photo-active
condition. Further, that the diverse ketones are activated in a
perfectly analogous manner in such a way that either a number of
molecules (the same for all ketones) become photo-active, which molecules
then react with the alcohol with a velocity specific for the ketone;

or, a number of molecules specific for each ketone becomes
activated which, with a definite velocity which is independent of
the ketone, dehydrogenises the alcohol.

A choice from these alternatives can only be made by a further
study of the photo-reaction.

The actwe light of the ketone reduction.

The first attempt to ascertain the position of the active light in
the spectrum has been made by Ciamician and Sitsrr'). They in-
vestigated, for instance, the reduction of benzophenone and alcohol,
employing two photo-filters.

As a red photo-filter was used a cold saturated solution of fluo-
rescein in alcohol (thickness of layer 15 mm.) which extinguishes
all light to 0.510 ¢; by adding gentian-violet the a.bsorptlon could
be raised to 0.620 u.

As a blue filter served a 10°/, solution of cobalt chloride in alechol
which transmits rays of a wavelength less than 0,480 u; a green
band at = 0,560 ¢ and a ved one at = 770w remain, however,
unextinguished. They arrive at the vesult that all the reactions with
which they were engaged, took place under the influence of blue
light. We have used a larger number of photo-filters and carried
out the research in jacketed tubes; the inmer tubes were those which
were used by us in the other experiments; the mtervening space
was 15 mm. Above the liquid in the jacket the outer tubes were
covered with black lacquer, so that none but filtered light could
penetrate into the inner tube.

As photo-filters were selected:

1. Red: aqueous solution of chrysoidin *).

1. Green: » . s potassium dichromate 4 acid green
B. extra.?)

Blue and violet.
1L 10°/, aleoholic solution of CoCl,.

IV. Cold saturated aqueous solution of crystal violet 5 B. O. .
V. .- v » " » acid violet 4 B. N.?).
VI. Solution of iodine in CCI,.

Y B. 85, 8593 (1902)
%) Colouring matters from the “Gesellschaft f. chem. Ind. Basel".

-14 -
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In agreement with that found by Cramciany and Siteer for the red
fluorescein filter we found that the filters I and II which only
transmit red (690—598 uu) or red and green (> 500 uy) absorbed
all aetinic rays.

Also V, which besides red rays of about 700 uu still transmitted
blue and violet > 433 . completely prevented the reduction inthe
inner tube. On the other hand an imporiant reduction took place with
the filters I11, IV, and VI which transmitted rays to the extreme, visible
violet = 400 pu.

The series of experiments were conducted in this way that a set
of four jacketed tubes with photo-filters were exposed to sun-light
for some days in front of the white screen: the results are contained
in the subjoined table.

TABLE IX.
Quantity |
N>, Ketone in the inner tube Pfgl]l(t)é‘r)- ;pin:cfone Remarks
| ingr. | L
1st Seriesi
|
1 2 gr.benzophenone in 25 cc.C;H;0H 1 0
2 e e e e e e 1 0
entirely
3 . . . - . 0 0 . . . * III 2 couverted
4 v 0.67
2nd Series
5 e e e e e e e 11 0.85 | From the com-
parison of the
6 e e e e v 0 figures for III
and IV with the
1 Ca e e e e e e Vi 0.48 controlling tube
with  conduct-
‘conduct- ivity water it
8 e e e e e e e ivity 1,28 | appears - that
? water there  always
takes place a
, ; partial absorpt-
3rd Series! 1om of the actinic
: rays; this, how.
9 2 gr. o-chlorobenzophenone . . 11 ¢.33 | ever,isrelatively
small andis pro-
L v 0 bably based on
a general ab-
11 e e e e vl 0.28 | sorption, which
in "a spectros-
conduct- copic investigat-
12 0. . . .. . . . . . . ivity | 0.42 | ion was readily
water observed. .
1 |
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Now with this method we can only get a very rough determination
of the position of the active region, still it appears that the active
rays are presumably situaled in the violet and have a wavelength
smaller than =+ 430 py. In order to see whether in the beginning
of the ultraviolet active rays were still present, a small jacketed
tube was constructed from quartz, the alcoholic benzophenone solution
was put into the inner tube and in the jacket a cold saturated
solution of “nitrosodimethylaniline ') which absorbs all visible violet
and blue rays and transmits ultra-violet ones of +00—280 pp.

Neither in sun-light, nor in front of the quartz lamp did any
reduction set in; from this we could conclude that the aetive rays
were not situated in the ultra violet, but in the visible spectrum
< 430 and > 400 pp.

A fortunate incident now came to our aid when we were engaged
in determining the correct position of the active light.

We had noticed that the ketones were converted with compara-
tively great rapidity into pinacones by means of the HErius quartz-
mercury lamp. '

The mercury spectrum must thus contain a great quantity of the
chemically active rays. This spectrum exhibits a very intensive blue
line at 436—434 up and two violet ones at 407,8 up and 404.7 py *).

Photo-filter V completely removes the violet lines and leaves the
blue ones unchanged; as this filter in sunlight as well as in front
of the quartz lamp prevents all conversion of benzophenone as well
as of o-chlorobenzophenone, and as we have noticed that the ultra-
violet light of the lamp is inactive we may conclude that the active
light for the photochemical reduction of the aromatic ketones is
situated in the extreme end of the visible violet.

The fact that the nature of the source of light has no principal
influence on'the reduction process is shown from the subjoined table,
in which are given the ratios of the quantities of pinacone that are
formed from diverse ketones when exposed either to sun-light or
mercury-light.

The exposure to mercury-light was carried out by placing a solution
of 0.5 gram of ketone in 13 cc of ethyl alcohol at a distance of
5 em from and parallel to the quartz lamp and exposing these for
10 hours; hence, the quantity of light was approximately the same
for all ketones. :

The close agreement of these ratios also renders it probable that

Y Gom@are Protiikow ete: p 19.
%) Lenmany, Phys. Zeitsche. 11, 1039 (1910).

Proceedings Royal Acad. Amsterdam. Vol XVIL
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TABLE X

% g Quantity oft pinacope on éxposure Quaﬁtity of

% | o Hg light . ‘pinacone on
No.| Name of the ketone | oo light with ben.
‘ ? in grams - benzopinacone ‘pinacone -as
L ~ as unit unit
x 1 ‘ benzophenone , 0.35 . I 1
2 ‘ 2 chlorebenzophenone 0.10 0.23 0.25
| 3 4 chiorobenzophenone f 0.30 ; 0.70 066
4 2 methylbenzophenone . 0 ' 0 1 0
5 ‘ 4 methylbenzophenone Q 0.34 § 0.89 ’ 0.93
6  phenyl 2-naphthylketone : 0 0 0
; 7 | fluorenone 0 : 0 ; -0

the active rays are situated for the greater part at 407:8:and-404. 7 qu 1).
The action of light on mirtures of ketones.

The phenomena observed by us during the exposure to light of
ketone mixtures in absolute alcohol divulged a very strong mutual
influence.

In order to better understand these observations, the following
should precede:

We have noticed that the chemically active light comprises a very
limited part of the spectrum, yet, therein are rays of different
frequency and intensity.

A. We can now suppose that each of the ketones present wants
its own active rays without absorbing rays intended for the other
ketone ; then — as the pinacone formation is independent of the
conceniration — there will have formed.in the tube with the mixture
the sum of the guantities of pinacone that are formed in the separate
tubes under the same conditions. ‘ 2

Those quantities within certain limits must also be independent
of the proportion of the coneentrations of the ketones in the tube
containing the mixture.

1) Presumably, the action is in a high degree selective, as a Juyer of ‘3 4m 49/,
benzophenone in absolute alcohol certainly caused a very distinct fading -of these &0
mercury -lines, whereas nothing could-be noticed -of a curtailing or fading at the
violet side of the are lamp spectrum through that same liquid layer. We attach,
moreover, not much value to this subjective observation, for -only an accurate
spectrophotometric investigation of the absorption spectra of the ketones can
properly determine the connexion between absorption and chemical ‘action. °
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however, as rays for the one ketone are alse con-

B. -
sumed by the other one, the quantity of pinacone will be less than

As soen,

the sum in question and, moreover, the proportions of concentrations
will no longer be a matter of indifference.

For-in the layer where the phote-reaction takes place each mokacule
of the one ketone requires a part of the light-energy also wanted by
the second ketone, so that the hindrance experienced by the latter
will become greater when its relative concentration gets less.

C. The extreme case would be that both ketones reguire just
the same rays; we should then obtain a quantity of each of the
. ketones which in equimolecular concentration is equal to half the
quantity that forms in the tube with the separate ketone (always -
supposing that no other obstacles occur).

The phenomena recorded by us are now best understood from
the sapposition B: a ketone does require specific rays from its
neighbour. Some of the observations approach to A, others to C,
some even exceed this extreme case, showing that the action is
more complicated than was at first supposed, as w;ll appeat from
the subjoined tabulated survey.

TABLE XL
15t ! Solution of 2 gr. of o-chlorobenzo- in50¢ Quantlty, E
Series phenone and varying quantities of alcoh ocl ‘pmacone Remarks |
No. phenyl a-naphthylketone ! | in gr. | |
SO B AN WS PR
T -
1 |2 gr. o-Clbenzophenoene pure 0.84 | :’).: §fé_’g f
: PO Ban g
2 . -+0.1 gr. phenyl =-naphthylketonel 0.30 |EG8 £5|
: we =g Ty
3 ) 4025, ; [ o2 #2205 8
| LML
4 » "*“0-50 " n » 0 EEEP é"sj
: Wl
5 » +‘—' ” » 0 %‘ ?:‘)4;% § g Sa;
CESSEER
[ oBgg®
EEFER
B T : N,
2ud As above 0-Clbenzophenone and varying ]Qnantxtyl
S‘f\ﬁesr quantities of o-methylbenzophenone pinacone’ Remarks
I o ]
1. | 2gr. 9-Clbenzophenone pure 0.37
2 , + 0.1 gr.o-CHzbenzophenone . 0.36 !
: I
2 . +0.25 y 0.30 | As above :
4 ; +os0 0.2 %
-3 " + b N 0.15 f }
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We notice that when ane of the ketones does not get reduced it
exerts a very powerful retarding action on the reduetion of the
other ketone. :

This action, particularly with phenyl-a-naphtylketone is much
more important than we should expect even in the extreme ease C;
besides the elimination of the chemically active rays, the molecules
‘of the naphtylketone must cause animpediment, which may, perhaps
be put on a par with the obstruction caused by oxygen in the
photo-halogenations.

TABLE XIL
2 T . 5 !
. ‘2’ 3 °EE R I - B
Solutions of various ketones, which are |3 Sg 35 g s g;,g%
N°. . ' . EEE! 528 | Je8 S5 | Remark
- reduced separately in 50 cc. solution. | SE5| §5* SS5|S52
*—’.@} -
25 % 2g
1. | 2gr. benzophenone 171 1L —_ - ::}%8 -
, : )
22> » ~+ 2gr. o-Cl benzophenone | 2.31 4.16 8 §<£
2.31 38 | eEyg
3 2> » +1 s » 2.18 i} 3.46 -
] o LE>
t -

@ oz .2
. eEwo9
.2 w8 gw
N% q.‘f:wt

1 | 2gr. benzophenone 1.66 | 1.66 | — — | E&Sg

-

22> » -4 2gr, p Cl benzophenone | 2.18 9.19 %3‘5 E
2.76 7.2 | O)E o

3 §2» » +1 » * 1.69 3.19 E g Sy
{ O 5]

i SE¥D

o o U imes
o RREE
B D =g

1 | 2 gr. benzophenone 0.85 | 0.85 - e 5 2 =§

: e

2 12> > -} 2 gr. p Br benzophenone | 1.65 23.9 = “‘f £
1.95 19.0  «E%
312> » +1 » » 1.05 11.4 (2= %

From Table XII it appears that, in the case when both kefones
are reduced, we have demonstrated a considerably less impediment
than in the case thai one of them is not reduced. Still, there is
always a negative influence, we obtain in all cases a quantity less :
than the sum of the quantities which- we should have obtained in =~ = 4
separate tubes; we are always dealing with case B. : : S

In this we notice the smallest mutnal hindranee in the mixture P
of benzophenone and o-chlorobenzophenone, yet we notice plainly CSiE
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in large excess (1%tseries N°. 3) and that in such a case. that present
in -the smallest amount is the most strongly impeded. Much more
pronounced is the hindrance observed with mixtares of benzophenone

and p. Cl- or p. Br-benzophenone; the sum of the pinacones remains

here far below the calculated quantity. The halogen ketone has as
a rule a stronger impeding action than benzophenone, for even in
smaller quantities than the molecular ones (N°. 2 of the three series)
the halogen pinacone in the mixture is predominant. Only with a
considerable excess of benzophenone the halogen pinacone is repelled
and mostly so in the cases where the greatest hindrance is present
(compare N° 3 of the three series). ' ‘

We thus find in rough traits what we could expect; there occur,
however, particalarly when one of the ketones is not reduced
separately, such great hindrances that they cannot be satisfactorily

TABLE XilL

. Quantity Quantity of ‘
| Contents inner tube | Contents outer tube pinacone |pinacone in the |
N> |2 gr. benzophenone in | 50 cc. abs. alcoholic {7 T "linner tube with ,
. ‘ §8 T ithe blank tube
20 cc. abs. alvohol | solution of 4 grams: “g:g g as :nit.
2
ik
@
1 alcohol (blank-exper.) | 0.64 | — 1 —
2 p CH; benzophenone | 0.28 | 0.66 0.44
3 o Cl benzophenone | 0.18 | 0.19 0.28
4 phenyl= naphthylketone| trace | 0 trace
<8 -
&% _
1 alcohol (blank-exper.) | 1.05 {. - | b.—
12 o CHj ‘benzophenone | 0.50 | 0 - 0.48
3 phenyls-naphthylketone] 0.28 | 0 0.27
4 fluorenone 0 0 0
o
1 | alcohol(blank-exper.) | 0.79 | —. S P
2 , ’ p Brbenzophenone | 0.42 | 1.18 - 0.54
13 L ~p Cl benzophenone | 0.38 | 0.83 0.47
4 I penzophenone [ 0.20(0.93|  0.37
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explained in the above cited manner. There seems to be a connexion
“here between the extent of the impediment and the non-appearance
of the photo-reduction.

‘Now, in order to eliminate the hindrance which might eventually
take place owing to the mixing, the oft-quoted jacketed tubes were
filled in such a manner that in the inner tube was always inserted
a definite ketone and in the jacket diverse other ketones.

The light then first traversed a == 2 mm. thick layer of a ketone
then to exert its action on the benzophenone; in this way we could
form a better opinion as to the absorption of rays of light by the
one ketone (in the jacket) which were needed for the other ketone
(in the inner tube).

There exists no doubt that all ketones absorb actinic rays intended
for the benzophenone; the degree of this absorptmn is certainly
very different and specific.

The ketones which were attacked in the jacket were, during the
experiment, reduced in conceniration, so that the conditions for the
reducing of the benzophenone in the inner tube gradually became
more favourable; this causes, however, that we can only consider
as fairly comparable the experiments where no reduction takes place
in the jacket. Hence, a few ketones have been placed in the jacket
in benzene solution whilst in the inner tube was again present a
solution of 2 grams of benzophenone in 20 cec. of absolute alcohol;
the following result was thus obtained:

TABLE XV.
In the inner tube ‘ In the jacket a Quantity of
N>t 2 gr. (CgH5),CO | N/4 benzene solu- | pinacone in the Remarks
in 20 cc. abs, alc, ; tion of i inner tube. .
1 . — (blank) 1.34 1.0
benzophenone | 0.45 0.34 . _The benzene

solution in the
jacket was al- |
ways coloured
pale yellow
‘which colour
again faded in
the dark.

o-chloro » - 0.53 0.40
p- » » 0.3 | 0.25
p-methyl » 0.40 0.30

G W W
B
it ot

It appears that several ketones absorb rays of light which éffect
the benzophenone activation, even when they are diséo]ved- in
benzene.

The reversible §eﬂow coloration of this benzene solut;mn however o

tells us o be careful, for the activated ketone can form with benzene

CEE
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a Iight—sét"een thus causing the absorption effect to be greater than
when the ketone had been present in_ alcoholie solution. \

In each case a circumstance occurs owing {o which the phenomenon
becomes more complicated, so that from these last experiments we
may at most draw the conclusiun that rays oflight are indeed always
absorbed by the one ketone, which the other required for the oxidation
of aleohols.

The most powerful absorbing ketones appear mostlv — but not
always — to oxidise the alcohol slowly or not at all, so that we
gain the impression that ‘& liberal absorption does take place, but
that the possibility of the setting in of a reaction and its velocity
does not only depend on the alcohol, but in a great measure on
the ketone.

It speaks for itself that the experiments on this almost quite
unexplored region can only bear a very provisional character; still
we believe we bave attained, with very simple means and methods,
some results which will prove of importance for the insight into
the photochemical reactions.

For the moment, however, we wish to refrain from an attempt to
explain the phenomena observed until more accurate spectrophoto-
metric data are at our disposal.

SUMMARY.

1 From aromatic ketores and alcohol are formed, in the light,
exclusively pinacones; these latter are, therefore, the products
to be first isolated in the reduction. Hydrols are, in the reduct-
ion of the aromatic ketones, always formed secondarily (see
Proc. XVI 91 and 962) either from the pinacones or from
the primarily formed half pinacone molecules. .

11 1. The photo-reduction of the ketone by aleohols was studied
by expesing simultaneously to the light a set of tubes of

equal dimensions and filled with equal quantities of liquid,
thus causing the light-quantity (i.t) for each object of a
o serial experiment to be equal.

2. The veloeity of the pinacone formation appeared to be inde-
pendent of the concentration of the benzophenone and propor-
tional to the concentration of lhe alcohol. Henee, it satisfied

~the equation :

P%??“@.f = KL. [alcohol] and, ther_efore, the reaction scheme:

cdt :
'grkenga:—}ﬂa;lmhol,: pinacone - aldebyde.
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The temperature coefficient was small: 1.06—1.11 for 10°

The welocity of the pinacone formatien is greatly dependent on

the alcohol; for instance, the methyl alecohol and the allyl

aleohol were oxidised much more slowly than other primary
and secondary alcohols. :

5. The veloeity of the pinacone formation is greatly dependent
on the ketone, the benzophenone is attacked rapidly, mest of
the ketones as yet examined less rapidly, many not at all.

6. The ratio of these velocities in different aleohols 'is constant.

The active light of the ketone reduetion is sure to be situated
in the spectrum between 400 and 430 uu and very probably

" in, or adjacent to, the rays 404‘7 and 407.8 of the merenry

quartz lamp.

8. The ratio of the velocities of the pinacone formation in sun-
light and in mercury light is the same.

9. When two ketones are present simultaneously one of them
absorbs a part of the rays required by the other ketone; this
also appears when the light passes through a solution of the

- one ketone and falls on that of the other.
Particularly in the case of the powerfully absorbing ketones
the hindrances are stronger than was to be expeeted.

Delft, October 1914.

&= w
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Physics. — “Simplified deduction of the formula from the theory

‘ of combinations which PLANCK uses as the basis of his radiation-

theory.” By Prof. P. Eurenrest and Prof. H. Kamerrines ONngs.
(Communicated in the ‘meeting of Oct. 31, 1914).

We refer to the expression

p (‘; “whe @
(N—1)!

whieh gives the number of ways in which N monochromatic feso-
nators R,, R,,... Ry may be distributed over the various degrees
of energy, determined by the series of multiples 0, &, 2e... of the
unit energy & when the resonators together must each time contain
the given multiple Pe. Two methods of distribution will be called
identical, and only them, when the first resonator in the one distri-
bution is at the same grade of energy as the same resonator in the
second and similarly the second, third,.... and the Nth resonator
are each at the same energy-grades in the two distributions. G
Taking & special example, we shall introduce a symbol for the

distribution. Let N =4, and P=7. One of the mbig ;dagmbutwnsf
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