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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".
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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

N

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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