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| ON_THE ADSORPTION OF DISSOTVED DIPOIAR MOLECULES
.o % OoFSonmmTAlS

Ly T N S AR &
' by H Dunkem, Halle. . - -

Qutline:~ The question of adsorption of dissolved dipoYak molecules
qn~splid'métals*which;isvparticularly;important in: connection with
_lubrication in'the sphere of limit friction was investigated. The

~relative. saturation of the adsorption-layer /with increasing - 7 .
concentration of the solution of those polar molecules in contact -
-With the metal iy investigated with the aid of static or "adhesion"-
friction which is'particularly strqnglytinfluenced‘by.adsorbad molecules.
For this purpose a semi-automatic measuring apperatus and a form of - ’
friction elemént or slider was evolved suitable for obtaining ‘clearly

reproducib%e_frictionfcoefficients correct to a few per cent. .

v " The method is described and the first results of the measure-
‘ments- obtaineéd with various metals, solvents and dissolved polar -
substances are givens— - . ... g i s s T
- 7 An exceedingly strong adsorption of stearic acid on metals

was observed together with the "gliding-effect”, consisting in the

disappearance of a finite static friction when a saturated adsorption-

layer of this.acid was present. . o SRR S S :

- Phe effect of oxidation ana sulphiding on the static friction

‘is numerigally illustrated. . . —l s
. . .. ) S “1l,_-::"c.,,.....-—- . ! o
SN . Arrangement.

T - Iﬁfroddction.'._,f

II .~ PFinding the static friction (adhesion-friction)
e : - : - JEEAN .
A.. - Influence of the kind of measuring anparatus.
.B. = Influence of the form of friction-slider.. '
-Ce.. Effect of the surface finish. o
- Do "Effect of impurities. -
- B, - Effect of time. - ‘

"III = Carrying out the measurement.
. . ' : ) : S
. IV * . ‘Results of measurements.
A. . Wesk adsorption.
B.  Strong adsorption. -
Ce  Limit fz:icjtion.' ‘
, Fhilyionl.

V. . Summary.
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;Litt;e-is;knOwn.ofladsorption bf disSqlvedmmoleculeS“onfsolid‘

-metals though it isimportant both practically for lubrieation, .
: flﬂtation;;painting,AcatalySis ete., and theorefically.It is o
. ‘theoretically important becaUseathough:there'are Ssome investigations
~on the naturaaof'thg‘adsorption-potential'dn«metalliefboundazy s =
~ surfaces and~iprparticu1ar;with-dipolar:moleeuleevthere is mot . .
- sufficient experimental materisl to develop adsorption theories still
furthéxl;wFor:the'adserptionameasurementsnwithﬁgases<Which*also,could
Lebe;used'for;this;latter purp6§é:the,number;oi“ﬂipolar substances at
_our disposel is only small in spite of the faet that the methods of
’measurements‘arg,magnificently'doveloped,‘,The—great#number of difolar
’ snbstancesTcapable;gi;ggsoprtion‘from solutions remained unused because
of;experimental'difficultieg. The difficulties of . such measurements
of solutiona'are‘thqse:r~it,is:nbﬁﬁvery-easily¢p035gblqhtqﬁma§;gQﬁd‘
treat metalliv poWwder '~ as used fbrwthe‘ﬁsual{adsdrptiOﬁﬁmq¥go'gnkv§u
" With sueh large speeific Surface.qsfc;q,ﬁthg'SQsm;Gh*exaﬁine 5ChRAYLOA.
‘and ensurc that the suxfacefremainéAcomplgtély,metgl;;c;ggiqrgocomingw-
—into ‘contdet with the solution and is not made impure by.oxides ete,
When Working,With]metallic,powderS'of\smallﬁspecificbgurigce, however,
- ¥ery sensitive methods are reguired to ascertgin the .congentration of
;. the solution after.adsorption;ﬂ‘Soptherg.Wil;ﬁalﬂggs«bga¢he¢dilqmma :
of trying to obtain casily measurable”differénces in concentration
awithvstrongibutﬁthérefbre-probably‘impure”a&sorbents = or obtaining
+only “small differencespgf,cbndentratibn‘With weak adsorbents which, 1)
however, remain,pure.~ﬁThe'firsg course was token by Harkins cnd . Gous?
“the seeond by Heymann anathye+‘%¢* These‘echrimentsﬂf_Which.areAonly.-
;Héginnings—e*shop~thatﬁthosa“aifficulties,about,Which,we:talked”axg;f'“'
fnqt;insgrmdpnp&blefbut'they’also‘ﬁre the rcason that the results of
"’Such meaSuréments are very scarce. We find in the relevont papers S
~tHet those two mentioned are all thet was ever written on the subject..

1.’ Pinding the static friction ("adhosiomtfriction) -

‘We shall now report an experiment in which on attempt is mede
to avoid.the»obstacles'mentioned above by measuring on macrosco ic
metallic surfaces the relative saturation of the adsorption~layer at
a cGrtain-concentration‘of'the“solution by means of the static - :
frietiond ("adhesion"—friction/..The'advantage;of»gQQroscopic .
surfaces is that they are easily cleaned and_readily observed., Further- -
more a greet variety of metals can be examined independent 6f whether -
or not they can be produced-in very fine subdivision. Also, conditions
for’ the experiment con be selected: in such a way: that the. concentration
of the solution is only so minutuly ehinged b adsorption of a layer, -
on to the metal as'to be beyond measurement 4/, Therefore no analysis.
7ould be necessary as the concentration remains a known—factor from
the weighed portion. The "edhesion"-friction or friction of rest

W.D. Harkins and D.M. Gaus,/Jaurni“Kmeric.Chem.Soc.»Volrsa;(lazl)
- page 2804. T T = S : SR
: Z)E.‘Heymann,nnd E.WBo¥eT—KQi&T-Zs, Yo},SS\(lQSE);myéseleB.
‘ 5)Iﬁﬁxédiate adsorption measureménts have also been-taken in hand, -
The calling up of Dr; Guay who worked on them stopped those
, experiments for + e time being: TR " L
4 ' "‘:. ! ' '“-‘, >.I,. . .
*)An~exceptionlto»this seem to1be\the cases of.parpicularlynsﬁrong
adsorption. : These are déalt;with'l&ter”on.‘ T
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used-as
~jlayer“is»méasuréd'bykthe;friction;éoefficienfggyHIWhichaisjdefinea»
.as the-quotient ofithentangential'fziétiqnalf orce and normal - :
impressed “force When.two‘bodie§ﬂinf00ntact~are-giVén relative
tangential motion,  Hitherto no clear andcreproducible_quantitative 1
va;ue?hgs,been'given"tOfthpg"adheSion",or,sfatic'friction’such as. one
'is used’ to with other physical.quantities.fyThatvcan-b9;§§§g_ﬁrgm:fhe
~fact that‘friétionhCoefficients‘arecfrequently”given with one digit -
\only'oriwithiﬂarather.wide_limits;”,Valuesvfrequenﬁiy vary according
Bo the experimental method and.eVén[measurements,With a simple ' T
_instrumeng;do‘the same:.vIn'viewfbfxthese~fécts'it;seemsmunsuitable
,ptoﬁusevstatiCAfriction~about‘which there is stil1 1ittle known in

order to measure”another;phenomenonvxiz,_special4adsorption_hereij
‘econsidered which is equally unexplored. -This Objection1~homgxeraf
becomesfVOiinfTwei§iamiﬁé?tﬁewreasons:forvthezvagueness[of_the.,
_friction—coeffiéicnts.;'One reason for a certain vagueness of the
_frictioneéoeifﬁcientsmof:certain pairs of materials in contact is to -
be found in. the phenomenon of friction itself. “For the individual
strength of the microscopical, materisl Junetion and energy barriers
and particularly under shear stress which with their resistance to
. movement constitute the static (adhesion) friction, must vary within
- large limits as these obstscles can be of different kinds and‘Si§es :
whilst their specific strengths are perhaps not very different,5)

_an indicator of the relative saturation of the adso Fption-

/ Byfgpeciélﬂselectioh pf the.éxpérimgntélfcondifidné pafticuiarly'

ifrictidn); obvi0us1y,'if»is-poééible'thue“to stondardize the selection

Another reason for the vaguenegs
of static friction‘isethat“statiq,frictionjdepenqS“upon 8. great numbery
of different factors about which we Still~know little, Their nature |
must be left partly to chence as long as all influences are not known
end as long-as we cannot control them, One of these factors is the )
presence of foreign molecules which are bound to the surface : C
‘chentically or by adsorption. And it is through these that the friction -
can ha%yaxyugreatly-altered. ~Anologous to the principal laow of -photo-
chemistry by Grotthus, it is true to say thet foreign molecules can - o
~influence the statie friction only when they are bound to the surface,
Together with the assumption that the effect on the friction of such
molecules bound to the surface-must-be in proportion to their relative
~covering of ‘the surface, this principle forms the basis for the - ‘
attempt to investigate the adsorption on surfaces'of‘solidvbodies.by ‘
- means of the static friction. S o S ‘ S =

F—

“In %hé'fiist élage,-conditions Were*SOught,undér whiéh stotic

frietion could be ascertained with that. accuracy which is necessery
to give reliable recognition of the effect on statie friction of the:

~concentration of the solutionrsurroundingfthe“friCtion_slider. There~

fore, the effect of ‘the following factors weas examined:

A. Kind of measuring ocpparatus. —
. B. Form of friction-slider,
\ . C. Surfece, treatment, =
* D. Impurities. o -
E, Time. » SR o coT

S)After_Bowden cnd Leben, Proec. Roy. Soc, A.189 (1939), noge 371, have ..
: shown,qualitative'cOnnections,between friction and mechonical metal -
- properties, it could be suggested to obtain the. quentitative -
conne ctions by means of the'amountsLof~thewvariations'ofifriction,;“
and of the bulk properties which bear on.it., We storted on this
-With our .distribution: pictures of which two e cmples,are_givenihere
"in Figs. 1 ond 2. (The friction was measured: by the apparatug * '
! describedvabove.‘mhe different resultS‘obtained.forAbrass/brass and
~ brass/iron arc seen in the subdivision and sprcading out of the
distribution curvec),’ . _ .3 , .



, ’;mf*ﬁgfgifgaﬁéf}beiﬁéféblé_td’répéatjthe'fésﬁiié?cffﬁ393urémentsf.
cin & reliable way with,anfaVeragetdeviation;of*a;small;percentage‘f-

from the iean, -We also triedjto}qéVelgp.a‘méthdd:jq;{du?yWQrkfWhiéhf

~ Was not t00 complicated, |

m'f"Ag*”EffectfofytHeikihd‘of’méaShringfaDparatﬁs,;1“

L Afteé”a;torSionlapparatus,haq been found impracticable one of
conventional construction was examined. - Here a slider restson a -
horizontal support and is_loaded’bywweights'whOSg-ve:ticalvpull,was —
directed'horizontaiiyiﬁﬁﬁmeans”ofma~smalljfreély—r0tating‘pulley:w -

Pieces of metal in the .shape of flat cylinders, lenses-or watch- - .

. glasses wereé fried_aS'sliders.u-The_results;showed a margin.of-error
of at least 25% even when the average of Verygmanyusingle‘measurements
was taken. There was also‘a1grgat:sensitiv;ty;to‘shocks.'[When;pheiu.A
slider was under a tension Just too small to cause motion;—then motion -
could be-inifiated by the slightest shoeck: Such shocks were un- | o
avoidable when adding weights, - Thercfore,iaﬁ:apparatus.Was built on -
the prineciple of the inelined plone where-there was reason to believe
in the g idance.of-shdcks'occurring through the measurements them~ - - -

; selves. TR¢ angle was mecsured in which a body resting on an inelined
-plane slides\ down; the tangent of this angle 'is of course the o

- friction coefficient. In porticuler a metel .plate resting on three .
‘supports was examined as g slider. . But results With this’ apparatus

- showed only a smoll improvement. 1In this ease also, shocks caused by -
handling the instrument could not be avoided completely.. The gliding -
‘was caused very often by moking the plate rotate around an axis - v
vertical to the plapne of the plate, This‘phenomenon'isjan-example_df
& source of error which later on could be observed in greater detail

and which was due %o the fact that the transition from adhesion to

' sliding is'noticlearlyrdefined.vA R el e e ‘

™~ ~ Based on these experiences an- epparatus was construeted which
works on the principle of the inelined plone, the sliding-angle of -
which is, in order to avoid Jerking, not fixed by the person who )
-measures but by increasing the inclination of the gliding-support. .- ™
steadily under the influcuce of the forece of grovity. The construction
is shown"in figure No.3 ond the mounting in  figure No.4, ‘The slider -
proper is in the meosuring-apperatus "MV one oot of which is mounted
in o corresponding-opening of the beam "B", This beam is resting on
the column "S" so 2s” to be .able to be roteted, = By an overweight on

the Side of the measuring contoiner it sinks down and inclines, Its
movement is damped by'an~oilebrake'consisting'of'a-base-board and o
cylinder "Z".which is able %o pivot and contains a ‘piston "K" into
which a valve "y» is fitted. This valve opvens when the beam is turned
back to its starting position’so that the reversed motion is not
domped. On the right of the beam is a pointer which records the .
friection-coefficient on the seale "SK" at the moment when sliding is® -
observed optically ot acoustically, Ll C T

!

-~

B.  Effect of the form of the friction element.,
Pigure 5 shows the meosuring apparctus with the frietion
insertion, & U-rail as o base and o eylinder as 2 slider. The —
friction insertion is shown -2lone in Pig. 6. This form rroved to be
the mest suitable. By its use, coefficients of friction could be.
measured to an cccuraey of 2 to 4%. |The idea of this form of friction-
'element was derived through vari?us.intermediate Stages” from the -
~eross-wire experiments .of Holm 9/, An-intermediote .stoge of o
-friction-body put on a U-reil in which thé principle. of ¢rossed wires
~can still be clearly recognised is. shown in figure No.7. W¢ ean
-obtain with such o body results as,g800d o5 with the cylinder but.
- friction-coefficients higher‘than’unity.canndt-bevmeasured with it .
~because the lower ring will then 1if%, ccusing disturbances through




‘vibratioﬁs;h*ThéTedgeS*dfj%béf?éil on which the ecylinder rests are -

~rounded off,  Sharp €dges result in irregular values becanse: after.
j*some»sli&ing,a_succQSSion'pf‘"saddleelikeﬁgdeformlt; '
~The arrangement 'shown here enables work with exclusion of air as the

glider.can be returned to its starti

of the beam towards the side with the pointer withou
of opening the container, The object of. shutting the measuring

. container withaa;glass—plate:andfa4threadpdiring-isvnot}only:to:“"f
exclude-air;butfaléb;io prevent evaporation of the liquid and its.

.-running out:of the container when inclined. Heating

- Metals{dtherrthan'braSs,‘iron;and;aluminium have as
tused‘fprfméasgrements in the form-of electrolytic co

es.ig caused,

ng position by an inclination -

- the neceSSipy

is provided. -

yet only been

-'C..ﬁEffect of théﬁgggﬁitions of7the:surfacé};;mj

'*72*1f*atfleast“dne“éﬁffasé“bfffhé?daﬁééihéfﬁéiél

friction ‘shall be measured is
veriation depends essentislly-

parts with which

flat;:theffriction-coefficientlagd.its:
-upon the condition of the surface; :

'According-to‘ourfobservations polished surfaces as well as rough.
exact meosurements. When 'rail 4nd

- surfeces are unsuitable for

cylinder are used the friction-

independent of the condition of the surface., It did ' ter if
-the surface was polished with emery cloth N671/0 or finished with o

polishiRf paper or a soft le

‘permissible with metals differs

rougher grade of emery than
measurement, -~

ather cloth.. The upper

silver‘withput,affecting

While at first clean metallic surfaces only were to b

';”D;' Effect of impurities.

coefficient is to a lerge extent

1ot matter ifg”_"v

limit of roughness

y-€+Ze-brass may be-rubbed_with-a

frietion - - -

e _cxamined,

some observations about”thg influence of oxidation were made 6 by

‘measuring. freshly polished surfaces wh
Friction of brass on brass was the s

erSS’WaSjpolished under cyclohexane shd did not com
~With air until the measurement, or whether it was po

ond for.some minutes was-in
- distinetly darker in colour:

contact with 2iry— A bre
after-heving -been-in con

’One”dayaand'frictidnfbébame‘loﬁér. Fatty4(greasy)'impurities_can be |

fremovedfhystIVents"fﬁfbugh

- Solveints are ethylacetate and acetone, Rinsing must

the friction no longer alters in the presence of the
' ved by rinsing wi

under tést. Here again the

until the'friction no longsr changes.-

o1

E.

Quite often elterations of friction may be ob

ich had been oxidized by air,
eme in cyclohexaone whether the -

e into contact
lished in air =
S8 ‘Sur ace grew s
tact with cir for
repedted rinsing. The most. efficient .=
continue until * -

tcst liquid;musggbe-r€neWed again and agein

Effect of time,

N

1apée of time, If for instance the contoiner had no
sufficiently with the test-liquid a friction-value m

“observed which-is near that

of the cleansing ocgsnt.

‘ronging from some minutes to some hours .- the fricti

constant value, which, however, need not yet be the

liquid which will perheps not‘be,obtaihéd,beforejf’r
In this case the time of desorp ion. is observed., I T
adsorptionﬂgan”he_gbserved:ifﬁ;hewmeasurement is

1

h

Served after some:
t been rinsed

ay at first be .
After some time -
on alters to.a
value of the test
énewed filling,

e time of -

changedffromvthel.

5) -
work of T.P. Hughes and G.

.. the influence of which is'reported'in.greater

detoil in the

» 1g Wittingham (ef. Transactions of the -
. Farad&y Society, Vol., 38 (1942) page#9,if R
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QSdlfent'td7thé‘501ution.§:When'usiﬁégléﬁfiiSCdSiﬁy'8uhgﬁgnces\it~is
—of su hga;magniﬁﬂdﬁmthatfthg-qghilibriumrof'adsorptiOn'is~reached B

~aff€ia§bprokimately 5 minutes, -When using concentrated Solutions the

adsorption time is so short that it could not be measureds Very. -
dilute solutions also gave a final edjustment of the friction value .
- Very quickly which leads to. the conclusion that. there are at least
. two. 'phencomena influencing the speed-of adsorption. Perhaps they are’
« the speed of diffusion and the real speed of adsorption., A time
-effect of wvery high magnituae'ean—beiobservédehen;the;cylinder;w, L
sshOTtly«peforefit'slides; is turned around'its;longitudinalsaxismint01j
& new pqsitiOn.“,Afsmall"loWering.of»therriotion‘tosapproximate1y~-- N
~ 0,0S—cQu&ﬁ%he_observed,istIidingfték place within the next 20 - -
Seconds.. When, however, the cylinderfin its new vosition for 30 to
60 seconds—the higher value of friction wasg obtained again, which -
~does not alter any curve even if one waits very much longer. Using
stearic acid/carbon‘tetrachloride»this;behaViourewas?examinedlmore‘r:
~closely, when the relation of concentration to the static (adhesion) .
ufriotioncwasﬁmeasured'after,zmintervals'ofjreSt.. No systematic o
difference could be observed whether the interval of rest was one of =
20 or one of 300 seconds. ' The time effeet just desoribed can be _—
observed with solutions only, which leads to. the conclusion that -
aré“dealihgfWith/adsorptibn phenomenon. It cannot be observed with~
pure liquids.  If there is no air-bubble in the measuring container
the frietion will remein unaltered for weeks. This experiment was
made- with brass/brass in ocyclohexane, “The highest demands must be.
‘made as to the purity of solvents ond the substances to be dissolved.:

III. Carrying out the measurement. .
. The reason for = full exposition of the performance of the -
measurement apart from the desceription hitherto made is thet precise
statements about. the earrying out of friction measurements can be :
found only very rarely so thct it is not always possible to- judge the -
values which are given, ' N R

... After the surface has been treated, the slider is inserted

into the measuring container and the cleansing done in the way - ,
described before, After the.solvent has been poured in, measurements
ere teken which are repeated with fresh solvent until the friction- -
value no longer alters, With one filling - i.e. for one point on the -
curve - 10 single meaSurementsiare.carried~out.‘.The‘deviationvofhthe
single measurements from the average volue is 4 per.cent on.the =
average so thct the error of the mean volue itself is 2 per cent., '
The 'solutions are made by pipetting the substcnces to be dissolved or
stock' solutions of them into the measuring container. After the
dilution the container ¥s shcken and then one mst wait for about 5
‘minutes before commencing measurement. . The viscosity of the fluiad

in the oil-brake is od justed to Tix the duration of settling-at 30
seconds, -. The scale is marked in units of 0.01 cnd the cccuraey of
‘reading is 0,005 units or more according to the skill of the messurer,

IV. Results of measurements.,
) -The dependence of statie-friction on the concentration of.
Solutions of alcohols =nd fotty acids in hydrocarbons or carbon
-tetrachlorides were examined for seversl metols. ~The results—may be
roughly classified into thosc which show & reletively smoll ‘adsorption
‘and those which show & very strong adsorption. o

»

A, Weok adsdrptioh. ;"' o

: In graph No, 8 the rosults of solutions of n-propanol ond
n-butanol in benzol on brass ond silver -re shown. 'Thilst on. bross
alcohol is adsorbed from the solution in both ccses, silver onpears
‘to adsorb only proponol whilst the stroight line of the curve-measured
~With butanol does not show any cdsorption. As to the two curves for

-6 -



ybrass;;a.Small.falllbf'themfricfionvis;characteristic“after;maXimum ,;
saturatiOn_of;thekadsorption-layerfhas;been{reached‘,;We;maY“SﬁPPQSe.'
that this is so ‘because oféthefaevelopmentzof»further*layerS,Of-:f y
adsorbedfmoleculeSJon’top,of;the~firstjlayeroﬁ*. el e D

| 'B. Strong sdsorption.. - -
3 'Ih»graphfmo.Qlwe-have;the;resultS'obtainéd‘with*stearig-acid'
in varioys'SOIVents on brass, When comparing the concentration--_, 
data of graphs 8 and 9 the reason for_the;classifieatién'intOQstrongj
ané weak adsorption becomes elear, ~Saturation of metallic surfaces

With‘acid-moleculed-is~a1ready reached'with-normalitiesgofv10f5;as
compared to-the normalities,of_zﬁpofavof;the a1coho;s§a*~' S

f_i,;-Effect'of.éolventé;f'

Ag‘the'thféé-sblventé'cyclohexané;‘béﬁébliénd carbon tetra~

off the curves. for thejstatiC‘fricﬁion‘Which*decreaSeS'in‘the-oqse,of
stearic acid With_the:solventsmin'the order given,. The,sémejorder,of
solvents is obtained -when they are arranged according Eo‘the strength
‘of their aghesion on mercury - 128, 143 and 149 erg/em®. When it ig
kept in mind thet - when dealing with ‘adsorption from golutions - '
there is zlways competition between molecules of both substaonces S
contained in the solution to occupy the~surface this connection between
.2dhesion reaetion of the solvent ond the dGsorbing_foect-appears' s
“understandable. L ~ Lo . [

‘8. 'Iafluence’ of meétsls.

. o S e gy e v e s mahe T
: Adsorption of stedric deid from cyclphexane/on-vazious;metals.
.Was examined.  Apart-from the fact that_after‘the;same.treatment:of;'.

Lthe-surface“theaStaticbfniction of metals starts at aiffereﬂtkvdlhés,

4n0'other.essential‘differénce'in.behaviour can be: observed’ -Roughly
~2ll-curves (sece graph-No.10) show 3 differeng stages:’ First a'very

- Steep decline With‘smallestvconcentrations ?Ly;followed”secpndlyhby.
& much- smaller inolinationfan&_thirdly_thevsﬁage\ofﬁthefﬂs1idingk

- effect? ab0ut-whioh“we'will,speak’later»on.f From’ these’ résults it -

 D8y: reasonably be-suppqséd”that'ﬁhehchange-ofgthe_initialfstéep ““““

:declinextoethe;small;inClinatidn;gives;usfthe7saturatioﬁ of the
adsorptionélayér;_‘mhis Saturetion means' the, formation of & mono-
molecular*layér.;imbw the area of. the macroscopie. inner surface of

-the measuring contaiher and the rails-ond .slider is 104 cme, - In. .
order to-cover this igrface.wiﬁHTstegric aciq molecules- the  dicmeter
of whieh 'is 20 x 107+° em?; we need 0,8 %1077 Mole., . With & normality
of 5-to 10 x 10" , however‘ﬂtheéqmountrof the molecules:contaiged‘in
the Zo‘ccm,gof.measuriﬁg‘liQQiguis-the same, viz. 1 to 2 x 10~7 Mole,
This means;that;in'cyelohexanejstearic acid is adsorbed so Strongly

that 211 molecules brought into the conteiner:are .fixed until ths v
metallic surface is occupied. “We are of course é2sily made. to think.-

that there is s chemicel reaction. But by using solvents the stearic.

‘acid ean be completely desorbed &gcing  we could, however, not yet see
“1f the desorption takes place 2s a seclt. We also must mention the' " '

measurcment in corbon -tetrachloride. as an argument against a chemical '

reaction—which in comparison viith the measuremsnt in cyelohexane

roints to & shifting of an adsorpyion equilibrium,. , o _‘w,"wmgnl

T b . Ry ——

A‘demonstrablefloWering of friotion takes place olready at = '
‘normality of 10-7, i.e. at o coficertration gdrrésﬁOﬁdihg.td'thatw;

.qf_the_herogen:ioﬂS«in:Wcter;
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- C. Limit frictiom.

s gf=fThough:itjwas,not'the’aimvof“thisfrésearch'to explore the .~
‘nature of 1limit friction itself but only to _enable us to measure staiic
'friction,ibraa@verymspecialwpuxpdse;:Weéwill=giveysbme,inﬁormation'_ L
~about annobsgrvatiOn.whichﬂappéarsrtc'be»not'entirely,nnimportant. o
After the lowering of static friction with inereasing concentration to
-8 value ofiapproximaterTOTI*a further slight lowering of statie S
friction with a furthéx,inéreaSefpffconcentrationmean*be?observediﬂ;m
‘until’at H ~ approximately equalling 0,08 ~ an -entirely new =
- bhenomenon.‘ecan be “found, vizg,the,diSaﬁpearang? of statie frietion -
- altogether sdyobserveg}atffirst'by Ch,Jacobs ©J) and then again =~
deseribed by R. Holm .);;\A gliding’takeS'place‘at‘very small angles
with a speed Whighfis_lower,the,smaller the -angle, The 1iquid - like -

intentionallyfonlyia'single,moleeular.;ayer_is fixed on the metal
aceording to the Blodgett method frequently applied by Japanese or -~ -
EﬁgIIéhﬂscientiStsvwho;.howevertﬁnever“aescribed‘the["sliding-effect"a“
The procedure applied by Holm to produce an "eépilamen" (several layers)
makes it possible to form several molecular layers.. The circumstances
Which cause a-sliding-effeet are not-fully cleer yet: the solvent has'
something to do with them as e,8. no, effect was seen in a benzol :
‘solution, -We were equelly unable to find it with all metals which

were examined. The influence of chemical changes of the metallic.
surface Whichﬂwaswinvestigatedvthoroughly by ‘Hughes and.Wittingham'lo)k-
con also be tested by our measurcments, Greph No.11l shows the ‘
difference.between the relation of the stotie friction to- concentration .
of silver with & pure surfoce ond e SurfacgvVhi@hwbqggpgﬁggggicwanq¢§gf;;
impure probably through lying in the cix; Sulphiding of silver up to
a-discolouring just visible lowers the static friction with cyelo=- )
hexone from 0.62 to 0.52, and with 2 x 10~D formal stearic acid . =
solution in cyclohexane from 0,35 to 0.17, L EEEIPE

)

V. ' Summary, RO

- In the way just described systematic measurements of the. ‘
adsorption of dissolved molecules on solid metals have been possible
for the first time ond have been made now as the results show, The .
veriety of phenomena Wwhich are .possible in the intercction of dissolved
molecules with a metal, as already. seen in the experiments on mereury,
- becomes thereby greater and- more puzzling. In conjunction with our
knowledge of the moleculsr cng Super-molecular structure in liquids ag
well as with a furthey. development of the theoxry of adsorption on ‘
metals there. soomwill be a chance of obtaining results useful o
~industry. L SR o : S

“Headiﬁgs of illustfation35\

- Pig, 1 - (graph): &istribution.of errois‘of"static friction of
. ' brass to brass in benzol, . I

| Fig, 2 ~- (giaph);Qdistribution of érrors_df stetic friction of -

: - - bress: tosiron in benzol,, ' . o

' S

‘ 8)‘Ch.fqacobs, Annols of Physics Vol. 38 (1912) page‘lze.

%) R. -Holm: Techniesl Physics of electrical contocts Berlin 1941,

e cf.:FQotnote No. 6.“
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hsﬁﬁié?fe':

;si_fdlagram of the structure of the measurlng apparatus. .
:Eﬁﬁé;”féu-‘The meaéurlng apparatus.§ u;f‘ e ”'. i :
’iFié;T;Sf: measurlng contalner and frlefien-lnsertlon-;ff”?fe -
,JFig,‘wéT; friction insertlon.;;‘ : _  'v' e e '
efFigeﬁ'7u-'(right). 1ntermedlate stage in the development of a.

. friction slidez,” . e

Fig;,,a - (graph) Results w1th—solutions of n-propenol and n-butanol.

T R ‘propanol < benzol/brass ' : ot i
e (b) butenol - benzol/brass ’

- - -(c) butanol - benzol/silver

(d) propanol - benzol/silver.;

“PFig. 9 - (graph) Effect of’ the solvent on: the adsorptlon of stearlc
oeh “aeid on brass. . WO G
' ' Sov(a) cyolohexane : TR T
(b) ‘benzol - - '
(c) carbon tetrachloride

‘Fig.,lo - Effect of metal on the adeorptlon of stearic 8016 from
; G e oyelohexane - o S S
' (a) brass
(v)-iron .
o SRR () aluminium
RS o (3) silver e

) Fig. 11 - Static frlctlon ("adhe81on"-frletlon) of" szlver on 81IVer
: in the presence of stearlo 3016 in cyclohexane.- .

a) metalllc surface
(v) OX1dle_surfece.i





