KOJ/IVIONJIHAA XUMMUAA

H. O. MUEJIOB-IIETPOCAH

Kadenpa dpuznueckoit Xumun



TepMoauHaMHUKA MOBEPXHOCTHOTO CJIOSA
B MHOTOKOMIIOHEHTHBIX CHCTEMAX

A, =T;+c:o.

dU® =T°dS® +ods+> z5dn;
|

(V¢S > 0,dVs —> 0)

COIJIACHO T€OpEME DUJIEPAa UHTETPUPYEM:

U°=T°S*+os+> wn}
i



[Tomabd quddepeHman:
dU® =T°dS®> +S°dT> +ods+sdo+ > dny +> n’deg’
i i

npu 1 = const (dT = 0):

sdo+ > nidg =0
i

(pynmameHTanbHOE ypaBHeHHE I 1O0Oca 1 Mexkda3HOro Clos
(amcopOumonHoe ypaBHeHUE [ 100ca)).






MOJIEKYJISIPHASL AJICOPBIIAS HA
TBEPIBLIX MOBEPXHOCTSIX

Dduznyeckas aacopouus U XeMucopouus

[A] = MOIB/KT MK MOJIE/M? A =T +c-0
@p%m + afIcopOTUB = a@
I, = a2 . d O OyHaaMeHTaIbHOE
2 RT da ypasHeHue [ n66ca
2

Duzuueckas aocopouus ece2oa oopamuma.
aocopouus u oecopouus



XeMHUCOPOIUs: O MOXET Jake Bo3pacTaTh, HO B 11esioM AG

<0

TermoBoii apdext xemucopoumu: - (40-400) x/[>x/Momb

779 9
C C C C 0,

C/ \C/\C/\C/\ \/C\ /c\ /C\ /c\
: C C C C

HeoOparuMocTh XeMUCOPOLIMU — JeCOPOUPYETCS HE
KMCJIOPO/I, 2 OKCHBI yIjIepoaa

BaSO,v + 2 11-CH»;COO  — Ba(u-C, lH:;C()('})g\L +S0,°



duzndeckas aacopOIMs BCerma ooparuma.

OHa 00ycC0BJIEHA BaH-/A€P-BaalbCOBCKUMU
B3aMOJICUCTBUSIMU

JUid  ABYX OOMHAKOBBIX MOJIEKYJ B Ta30BOM (ase:
MOoTEeHIINAJILHAS SHEPT U B3aMMOJCHCTBUS
OIMCBIBAETCA MOTEHIIUAIOM JIleHHapaa-/[>xoHca

4 ,, \
, . 5 | | 2u > 3 ) B
U,=—Cr°+Br=- ﬂ‘f —+2uma+—hvyo™ |+—:
!"ﬁ 'jkff!' 4’ .r" -

OpueHTAllMOHHBIC, THAYKIIMOHHBIC U JUCIIEPCUOHHBIC
B3aUMOJICHICTBUS



PoJib BOIOPOZIHBIX CBI3EH

_____________

H M
O

' H  H. O
AR T O
0O Cl) —I12 ’:C|) E |O —H,0 S|| O S||
| g
Si— QO —Si _SII_O_SII_

OTtmieryieHue (pU3UYECKH aACcOpOUPYEMOM BOJBI IMPOMUCXOJIUT
npu Temneparype < 100 °C (nepBast cragusi).

XeMHCOpOUpPOBaHHAS BOJA MOXKET J€COPOUPOBATHCS JIUIIDL IIPU
180 — 400 °C (BTOpas cragus).



IHapameTpsl agcopoOuuu. M3orepmel aacopouuu.
AncopOouus rasosn

3aBUCHMOCTB azcopduun ot Temmeparypst 4 = f(7) npu p = const —
uzobapa unu A = f (T) npu ¢ = const — uzonuxna (a);

3aBUCUMOCTH PABHOBECHOT'O JIABJICHUS MUIM KOHIICHTPAIIUH OT TEMIIEPATYPHI
p=1,(7), c=1,(T) npu A = const — uzocmepa (6);

3aBUCUMOCTb aacopouuu ot pasineHus 4 = f(p) wim xoHnenTpanuu A4 =
f(c) mpu T = const — uzomepma (B).

A a) p 6) A1 A 8)
Ay Aw[ T 5=<T1
2
As T2

p3 (C3)

p2 (C2)
p1 (C1)

T T p (C)




JHepreTuYecKue napaMeTpbl aIcopomuu

— dCT — ZF, d,LliS
i

Lin

A= J'l Sdity .
0

U,=TS5+oc +1-u-.
nycrte Gy = F, Torna
AG,=Aoc+1H2Au,.

1

0



I.'I
AG, = [u,dly .
()

(MHTerpanbHOEe U3MeHeHHe dHepruu [ uddca npu agcopOLun)

. oA,
AlGr, = &
o -

ol

(u3meHenue audQepeHunanbHon sHepruu ['no

= ;ﬁ.‘ﬂj .

wd

o

ca Ipu aacopOLun).



N3orepma ['enpu

L :lLlio + RT In a.i
a; /8 =9Xp{(ﬂi° —yf)/RTJ: Kr
i = ,Llio + RT In ai
Ay

CYi

B pa30aBieHHBIX pacTBOpax:

YpaBHenue | enpu

A=K7cC




N3orepma @pounpiinxa

Tunuynas uzorepma no GpopmMe HamoMHHAET napadony. OTcrona
AMIIMPHUUECKOE YpaBHEHHE JJIs1 aACOPOILIMHU U3 PACTBOPOB.

X 1/n
A= —=[fcC
m
lg4 = Ig B+ (1/n)dg c Ig A
Jna  agcopOuMu W3 ra3oBOH
cpenbl  1/n 0OBIMHO  MMeEET -7
sgauenne or 0.2 mo 1, a wus |glg{

xuakux cpeqa — ot 0.1 go 0.5.



Teopuss MOHOMOJIEKYJASIPHOM aacopOuuun Jlenrmopa

1. AncopOrusi BbI3BIBAETCS BAJCHTHBIMHA CHJIAMH WJIH CHJIAMM
OCTaTOYHOM  XHMHYECKOM  BAJCHTHOCTH  (CWJIBI, KOTOPBIC
ONPEICIISIOT KOT€3MOHHYIO IPOYHOCTh BEIIECTBA, a TaKXKe
OPOSIBISIFOTCS B SIBJICGHMSIX ~ MCHApPEHHUs, KpHUCTAJUIM3allMH,
MTOBEPXHOCTHOTO HATSKECHUA );

2. AjcopOnms NpPOMCXOAUT Ha AaKTHBHBIX IleHTpax (Mecrax
HEHACBIIIIEHHOCTH CUJIOBOIO IOJIS);

3. [ToBepxHOCTH aJicOpOEHTa SKBUIIOTCHIMAIbHAS;

4, OOpaszyercss TOJbKO MOHOMOJECKYJSPHBIA CJIOM, TO €CTh
CYIIECTBYET aAcOpOIMOHHOE HAChIIEHUE (IIpeaes aacopOIun);
5. AncopO1ys 10Kaau30BaHa,

6. AjacopOupyemMble MOJEKYJbl HE B3aUMOACHCTBYIOT JPYr C

JIPYTOM;
/. PaBHOBeCcHME HOCHUT JIWHAMHUYECKHH XapakTep (amcopOius L

aecopOnus).



KcC
A —
A001+KC
r-r, Kc
1+ Kc
1 1 1
- .
' I, I_.Kc

A G°=—RTInK.

CreneHp 3a0JIHEHUS
MOHOCIIO:

/

0=T/T_,

0/(1 - 0) =Kc .



ApacopOI1ys ra3oB U3 UX CMECEH:
Ki Pj

n
1+ZKi Pj
1

0. =

CryneHuarast aacopouus

AZICOPOLIMOHHBIC LICHTPBI
PA3IUYHON AKTUBHOCTH

Kp
; A=|F(K dK
J ( )A001+Kp



IHonumouiekyJasapHast aacopOouuUs ra3os.
Teopus bOT

3808

Y

IlepBbIii CI0M: aacopOIns, MTOCACAYIONINE: KOHICHC AL



+B = A . K,} — lmJ;fA{}‘IJ;
AB +B = AB, K,=[AB,]/[ABp:
+B <= ABj;, K, =|AB;|/[AB |p;

- - f 0
Ki=Ky=..=K,=aan,=1/p".

() -
rac p — HOABJICHHC HACBIIICHHOI'O Iapa Hald KHUAKHM daIacopodaToM, MOCKOIBKY
dKTHUBHOCTL a,ucapﬁaTa B JKHUIKOM d)ﬂEET PABHACTCI COAWMHHMILIC.



BBEHQM DGDZHH‘IQHH@Z
K, 1 1 L0
K,=—%Y—=C-—1: plp =x.
P K m ()
L P 2

ﬂﬂﬂ KOHLCHTPAUKWH /17-T'0O KOMITJICKCd MOYKHO 3allMCATb.

[ABn|=K, K] '4yp" = CK} 4yp" = CAyx" .

O01ee YMclI0 aKTUBHBIX HCHTPOB (Ha CAUHHUIIC l’[J’[DH.[E:L[[H).. HJIK CMKOCTb
MOHOCIIO:.

A, =Ag+ AgCx + AgCx* + .. = A1 + Cx(1 +x +x° +. )]

a MOCKOJIbKY X < 1, TO:




3anuiuem BBIPAKCHUC OJI4 E:I,I[CDpﬁLIHHZ

A= [EEJ%— 2[@2]‘1‘ 3ngj + ... =
= A,Cx + 24,Cx* +34,Cx° + ... =
= 4oCx(1 +2x +3x" +..))

Beipaxkenue B MoOcCIeOHUX CKOOKax — 9TO CyMMa YJICHOB TE€OMETPUYECKOH
MPOrPEeCcCrum; OHO ABIISETCS MPOU3BOAHON Npeabiayen nporpeccun. [ostomy:

I ;’iu ( v 2
(I-x)
Tornaa:
Cr YpaBuenune bOT
AlA, = VIV, =0 = — —
(I—x)(1—x+Cx)
roe V — o0bem rasa, aacopOMpPOBAHHOTO Ha EIWHHULIE Macchl aacopOeHTa,

P

MPUBEICHHbIA K HOPMAJIbHBLIM YCIOBUSIM (p = 1,013'10° Ma, 7 = 273.15 K), V, —

SHAYCHHC [IpH [TOJTHOM 3dITOJIHCHHUH MOHOCJTOA. Bennuuna 0 IIpH
HDHHMDHEI{}*’HHDHDﬁ aﬂcupﬁuuu MOJKET ObIThL OOIbIIIE COUHHIIEI.



I — cityuail, KOTOPbIM OIUCBLIBACTCS VPABHEHUEM MOHOMOJIEKVISSPHON Teopuu Jlenrmiopa;

Il - nandosiee oOmmit Tt u3orepm ((OpMUPOBAHUE TTOJTUCIIOS );

I — nomci10ii, B KOTOPOM HET pazjinyuii Mexay JHEPrusiMu 00pasoBaHus MEPBOro U BCEX
MOCIICAYIOIUX CJI0EB (BCTPEUaeTCs PEJIKO. HAIIpUMEp. 1pu ajacopouuun Bra Ha cusmkarese):

IV, V — xapakrepusie Uit nopuctsix ajicopoenton (ananoruunnie I u 1H); oroOpaxkaior takike
JIOMOJTHUTEIILHYIO aJICOPOIIUMIO 3a CHET KalWUISIPHON KOHJICHCALMU, B PE3VILTATE BO3HUKAET

HET/E THCTCPE3HMCa



0

p/p

C=1(1), 10 (2) u 1000 (3)



OnpeneneHre yaeJibHOW MTOBEPXHOCTH aJIcOpOEHTa
C TIOMOIIBI0 ypaBHEHUA bOT

_ Vm
22 4.107°

S’o N ASm

~ o o e e e :
O0unacTtb 3HaueHuii p/p -, B KOTOPOIi BoitoanseTes ypasuenue bIT, odbruno ot 0.05 10 0.3:

3J16Ch HAYUHACT 3J1ECh BIUSAIOT
CKa3bIBATHCS B » | B3aUMOJICHUCTBUS MEHKITIY
HEOIHOPOJIHOCTE 0.05< pp < 03 QJICOPOUPYEMBIMHU MOJIEKVJIAMHU

HOBCPXHOCTH



IHoreHuuajasHast Teopus Ioasiam.
ACOPOLMOHHBIN MOTEHIHAAJI

T [ s

//////////////////////////////////////////////// o A
!

Hpoqmm; jifﬁxnﬁgff; HHHHHHHH e "o ﬁ?/ ’g‘p



Tunsi agcopOeHTOB

JINCTIepCHOCTD

Tun yactuu 2 o [ Iprimepsl
Sg, CM T U CTPYKTYypa
Henopucteie | 10" 107 | rpyboaucnepcHble OKCHIbI, COH
(MAaKpOTMOPHUCTHLIEC (T10,, BaSO, )
CTPYKTYPBbI)
6
10
BLICOKOZHMCIIEpCHble | TPa(UTHpOBAHHAs Caka,
(MUKPOMOPUCTHIE Oenast caxa, adpoCu
CTPYKTYPBhI)
t
[TopucTbie 10”10 KOPIYCKYJISIPHBIC CHUJTMKAresib, amOMOrelb,

ryouarbie

KPUCTALNTHYCCKHUC

AKTHBHBIN YT'OJlb,
[MOPUCTOC CTCKIIO

LHECOJIUT
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abtained from successive Fourier difference maps coupled with isotropic
least-squares refinement. Hydrogen atoms were modeled in idealized
positions with fixed isetropic thermal parameters. Final Fourier differ-
¢nce maps exhibited no unusual features. A summary of crystal structure
data is given in Table IV,
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the Dow Chemical Foundation for a feliowship administered by

the Organic Division of the American Chemical Society.

Supplementary Material Available: Tables of data collection
parameters, positional and anisotropic thermal parameters for
non-hydrogen atoms, selected interatomic distances and angles,
and idealized atomic parameters for hydrogen atoms for 9, 10,
and 11 (24 pages); listing of observed and calculated structure
factor amplitudes for 9, 10, and 11 (24 pages). Ordering infor-
mation is given on any current masthead page.

A New Family of Mesoporous Molecular Sieves Prepared with
Liquid Crystal Templates

J. S Beck,*’ J. C. Vartuli,™' W. J. Roth,*! M. E. Leonowicz,*' C. T. Kresge,”*
K. D. Schmitt,' C. T-W. Chu,? D. H. Olson," E. W. Sheppard,’ S. B. McCullen,'
J. B. Higgins,* and J. L. Schienker'

Contribution from the Mobil Research and Development Corporation, Central Research
Laboratory, Princeton, New Jersey 08343, and Paulsboro Research Laboratory, Pauisboro,
New Jersey 08066. Received June 30, 992

Abstract: The synthesis, characterization, and proposed mechanism of formation of a new family of silicate/aluminosilicate
mesoporous molecnlar sieves designated as M418S is deseribed. MCM-41, one member of this family, exhibits a hexagonal
arrangement of uniform mesopores whose dimensions may be engineered in the range of ~15 A to greater than 100 A. Other
members of this family, inciuding a material exhibiting cubic symmetry, have been synthesized. The larger pore M41S materials
typically have surface areas above 700 m’/g and hydrocarbon sorption capacities of 0.7 o¢/g and greater. A templating mechanism
(liquid crystal templating—LCT) in which surfactant liquid crystal structures serve as organic templates is proposed for the
formation of these materials. In support of this templating mechanism, it was demonstrated that the structure and pore dimensions
of MCM-41 materials are intimately linked to the properties of the surfactant, including surfactant chain length and solution
chemistry. The presence of variable pore size MCM-41, cubic material, and other phases indicates that M418 is an extensive

family of materials.



A. Corma / Preparation and properties of new mesoporous materials

A Precursor solutions

Micelles and isolated cationic  Inorganic silicate anions
surfactant molecules  (for example, D4R oligomers)

~— .

od .*.

Lamellar SLC




I1o pazmepam nopsl pazaensator (M. M. JlyOMHUH) Ha:
a) makporops! (d > 50 am);
0) mepexomubie, WK Me30mopbl (2 HM < d < 50 aM);
B) MHKpOIOpHI (d < 2 HM).
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Kannuisipaasi KOHAeHCAIMSA

In(plp,) = — 26V,/(rTR).

/

a

p/ps

O

p/ps

6

p/ps

e

p/ps




Teopust 00bEMHOI0 3aII0JTHEHUSI MUKPOIIOP

d < 0.6-0.7 am - moiekynbl afgcopbara KOHTAKTHPYIOT APYT
C Ipyrom

CutoBbIil 3P PEKT;

BMecTo afncinoéB — 00bEMHOE 3al0THEHUE MUKPOIIOP

TO3M

(M. M. J1yOuHUH)

[IpenenbHas agcopOLus A= ‘.-]‘L‘: o1 — 1)
pu Temmeparype T



Muxann Muxainosud JlyOuHuH

1901 — 1993



O — TEMIIEPATyPHBIM KOA(PDOULIIMEHT NPEACIbHON aACOpOIHM:

1 .dAO__dInAO
A, dT  dT

OCHOBHOM TEPMOJUHAMUYECKOU (byHKIIHECH ABJIACTCS
MakcuMalibHas quddepeHumanbaas padora agcopouun W:
0

W = AG =RTIn P
p

YpaBHeHue uzorepmsol agcopoiuu B TO3M:

_[RTIn(p"/p)Jn

A= A,eXp =

XapakTepuCTHYECKass DJHeprus ajacopouuu FE u  mapamerp N
IPaKTHYCCKU HE 3aBUCAT OT TeMIepaTypsl (0OBIYHO N = 2).



CkopocTtb ajcopOouu ra3on

. . Openkens, 1924:
7= 7,8Xp [- Q, /RT]

Cpeanee Bpemsi npe0bIBAHHS MOJICKYJI 232 HA IOBEPXHOCTH aacopOeHTa
KaK (YHKUHA TEIJI0ThI AACOPOUHH (IIPH KOMHATHOH TeMueparype)

... KJIK-MOJIB | T TUIT a/ICOPOTIUM
10 6-10 “¢ (pu3nyeckas
ajcopoLus
A0) 1 5.10 “¢ (puszmueckas
ajcopOLus

77 ~1c XemMucopOrus

[{'}{'} ~ | cVTKH J{t‘h-[HE(}]}ﬁL[HH

[2{} ~ 1{].”‘:.]- J{t‘h-[HE(}]}ﬁL[HH




Jns xemucopouuu: v= vy exp (— £__ /RT),

c=dA/dt=k (4 —4,)

paBH




Kunernueckuii BbIBOJI ypaBHEHU JIPHIMIOpa

n =K p(S—syn).

v =K, Sy, N
Sp N
p(s—sun)

k,/k, = K =

o Kps
sy (1+ Kp)




MoJiekyJasipHasi aacopOouusi U3 pacTBOPOB

A: nS _ CO _Cpaeﬂv
m m

KoHkypenus aacopOTHBa ¢ MOJICKYJIOH paCcTBOPHUTEIIS:
—do=Tdy +T,dy,.
(I =-1))

ypaBHeHue I nooca — Jlrorema a1 OMHapHOIro pacTBopa.
XAy + X,d, =0

do a, do
[, =—1-%X)) Iy =—(1—X,) -2
2 = Z)d,uz 2 ==(1=%2) o0 da,




PeOunnaep: npasuno ypasuusarus nonsapuocmu a3

“IIpontecc aacopOLMKU MJAET B CTOPOHY BBIPABHUBAHMUS
NOJSAPHOCTH (a3, U TEM CHUJIbHEE, YeM OOJbIlIe NepBUYHAS
pa3HUIA NOJIAPHOCTH .

Ecnu HOJSPHOCTD XapaKTepHU30BaTh 3HAYCHHUEM
AURJICKTPUUCCKOM IPOHMUIIAEMOCTH & TO MOXKHO CUMTATh,
yTo ancopouus BemectBa C agcopobeHtomMm A u3 daszel B
OyAeT UATH, €CIU

ENZEC>Ep WU ) < &< ¢&p

Hanpumep, cunuxacenv unu enunwvl adcopoupyrom IIAB u3
HenoIApHbIX cpeo, a y2onb aocopoupyem [IAB u3 nonspHulx
cpeo 8 COOMBEMCmeUU ¢ pAOOM NOJISAPHOCHIU.

yeoib < HenolApHAas HCUOKOCMb < OUDUIbHOE OPeAHUUECKOe
geuecmeo < 6o0a < cunuKaceslb
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pueHTtanus mojiekyi [TAB Ha rpanute
TBEPJOI0 TENA C )KUIKOCTHIO



MOBEPXHOCTHBIE CJIOU U IUVIEHKH HA
T'PAHMIIE PAJIEJIA JKUJIKOCTD — T'A3

IloBepxHOCTHAsA aKTUBHOCTH. IloBepxHOCTHO-
AKTHBHBbIE BeleCTBA

do+17dgy +1du, =0

. dU . a.2
da, RT




o,
’ 2 F'lOG,

Ml - MOJTb-M 2
5
4 [
3L O
2L
N

| | | | | | | | | I ] ] I I I | | | | | | | | |
0 0,04 0,08 ¢ momeamM = 0 0,04 0,08 ¢, MOJIb-IM °

M3oTepMa TOBEPXHOCTHOTO HATSHKEHUS BOJHBIX  PacTBOPOB

M30aMUJIOBOTO ciiupTa (a) W m3oTepma aacopouu crmpra (6) mpu
19 °C



HOBerHO CTHO-AdKTHUBHBIC U IIOBCPXHOCTHO-MHAKTHBHBIC
BCUICCTBA

[ToBepXHOCTHAsA AKTUBHOCTD:

Bona: o= 72.0 mHowc-m2

T'excan: o= 17.8 m/wc-m™?



[loBepxHoOCTHOE

HATHACHHC HCKOTOPbLIX BCLICCTB

Bewiectro ArperatHoe [, K 0,
COCTOSIHUE vJlKM -

| enunid A UIKOCTD 3 0.22
A30T AMIKOCTD 18 8.27
| excan A UIKOCTD 298 7.9
MypaBbuHas

KHCI10Ta AUIKOCTD 298 36.6
Bosa AKHUIKOCTD 298 71.95
PryTh AUIKOCTD 298 473.5
KBapuesoe

CTCKJIO TI'Bepioe 298 740
AJFOMUHHH Teepiblii 298 1909
AKei1es0 Teepaoe 298 3959




o, MI[)K-M_Z

[MTumkoBckuit, 1908

o,— o=bIn(ca!+1)

0 0,2 04 ¢, MOJIB'JIM_B

Mypasbunas (1), ykcycHas (2), mponronoBas (3), macisHas (4) u
BajiepraHoBas (5) KHCIOTHI



c,— o =bin(ca™ + 1)

I1€ G, U G — MOBEPXHOCTHBLIE HATSHKEHUS YUCTOIO PACTBOPHUTEINS U
pacTBOpa  COOTBETCTBEHHO, D — KoOHCTaHTa I  BCETO
T'OMOJIOTMYECKOTO PsAlia, a IIapaMeTp o 3aBUCUT OT yucia rpynn CH.,.
Bennunmna o' HaspBaeTca afCOPOIMOHHOM AKTHMBHOCTBIO, HIIM
YIEITbHON KAITUJIJISIPHON ITOCTOSIHHOM.

BaxHo, 4TO IIpM AOCTATOYHO OOJBIINX KOHILIEHTPALMSAX IS BCEX
YJICHOB OJTHOT'O M TOTO 7K€ TOMOJOTHYECKOTO psiaa HAOII0IACTCs OJHO
U TO e IpenenbHoe 3Hayenue I .

JlJIsT paccMarpuBaEeMbIX TI'OMOJIOTHYECKHUX PSAI0B BBINIOJIHACTCS TakK
Ha3bIBaeMoe npasuo roxkio—Ipaybe:.

Beeoenue xaswcoou memunenogou epynnvt (—CH,—) yeenuuusaem
nosepxHocmuyro akmusHocmo ¢ 6 3 — 3.9 pasa.




T

/T

1/c



do=—-TRTdInc

do=-1_RT ke dinc
1+ Kc
o ° Kc dc
| do=-T,RT|
1+Kc ¢
UO 0

o—o,=—-1 RTIn(Kc +1)



A.,-‘lﬂ{]pﬁl_lliﬂ HCKOTOPLIX BCHICCTB H3 BOJAHLBIX PACTBOPOB

Konuenrparus [10°, MOIb-M -
BerecTso B BOTHOM DKcnepument Paccunrano

pactBope, (Max bon)

MOJIB+JIM
n-"Tonyujmn 0.0187 5.7 5.6
n-Toxayuun 0.0164 4.3 4.6
Menoll 0.218 4.4 5.1
Kanponosas 0.0223 4.4 54
KHCJI0Ta
Karponosas 0.0259 5.9 5.6
KHCJI0Ta




CTpOEHI/Ie 3aII0J/IHCHHOI'0O MOHOMOJICKYJ/IAPHOI'0 CJ10AA

Hna  mudunpaeix  [IAB  Jlenrmioop  chopMyaupoBall — npuHuun
HE3ABUCUMOCMU  NOBEPXHOCMHO20  Oeucmaus. BKIAaJ MOJIEKYJI B
IIOBEPXHOCTHYIO DHEPIrUI0 aJJUTHBHO COCTOMUT M3 JIOKAJIbHBIX BKJIaJ0B
OTHEJIbHBIX UX YaCTEM.

llosimps




OLIEHKU MOJIEKYJISIPHBIX Pa3MEPOB:

1
TN,

o)
roo:p — o0=I' Mlp | 5CC—5
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YPaBHGHI/IC COCTOAHHUA MOHOCJIOA
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IloBepXHOCTHBIE IVICHKHU. /|ByXMepHOE COCTOSTHHE
BellecTBa

IIOBEPXHOCTHAs IUJIEHKA — O3TO TaKOW IIOBEPXHOCTHBIU CJIOW,
OTJICIbHBIE KOMIOHEHTBI KOTOPOIro (MJIM XOTS Obl OJIMH KOMIIOHEHT)
OTCYTCTBYIOT B 00BEMHBIX (pa3zax.

MOHOCIIOM HEPACTBOPUMOI'O BEIIECTBA U NOOAEHCAULASL HCUOKOCHD
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Benjamin Franklin

Mount Pond (Clapham Common) (heute)
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Surface Tension,

I sHALL be obliged if you can find space for the accompany ing
translation of an interesting letter which I have rcceived Hom
a German lady, who with very homely appliances hos arrive [ at
valuable resulis respecting the behaviour of contaminated w ter
surfaces. The earlier part of Miss Pockels’ letter covers nealy
the same ground as some of my own recent work, and in the
main harmonizes with it. The later sections seem to me very
suggestive, raising, if they do not fully answer, many important
questions. I hope soon to find opportunity for repeating some
of Miss Pockels’ experiments. RAYLEIGII.

March 2. |
firunswick, fanuary 1o.

My LorDp,—Will you kindly excusc my venturing to trouble
you with a German letter on a scientific subject 7 Having heaid of
the fruitful researches carried on by yon last year on the hitherto
little understood properties of water surfaces, I thought it might
interest you to know ol my own observations on the subject.
For various reasons I am not in a position to publish thcm
in scientific periodicals, and I thercfore adopt this means of
communicating to you the most important of them.

First, I will describe a simple methaod, which I have employed
for several years, for increasing or diminishing the surface «f a
liquid in any proportion, by which its purity may be altered at
pleasure.

A cmatanmislac tin tuanah ma am lane P oam weildla 2 s huerh

Anfang des Artikels Surface Tension vom 12. Marz 1891 in der Zeitschrift Nature
mit der Empfehlung von Lord Rayleigh und dem Brief und Bericht von Agnes Pockels




Waage (LANGMUIR, 1917)

Pockels

Langmuir-




When the area is greater than a certain rather definite limit, Q, there is practically
no force acting on the balance but as the area is decreased the force rapidly
increases until it reaches a limiting value at the point H.

Fiz. 7.




YciaoBue paCcTCKaHus BCIICCTBA 110 IIOBCPXHOCTH.
f=W,—-W,>0

Becsol JIanrmropa:
+0.001 M Ix-M2
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Fuhrungsstabe

Langmuir-Pockels-Waage




Langmuir-Pockels Waage (heute)







Kiaaccupukanus 1 CBOMCTBA IJICHOK
HEePaCTBOPUMBbIX BEIIEeCTB
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3HaueHHe MOJJCKYJJIHPHBIX INIOMAJ0K HA MMOBCPXHOCTH BOAbI

-

1 [AB Sy HM™
CreapunoBas KMCJI0Ta 0.203
M3ocTeapunoBas Kuciota 0.316
Tpu-n-kpesuiocdar 0.95
Jloneuwicynsdart narpus 0.52
n-C,Hzy- 1 O(CH,CH,0),H 0.64
Mochounu/ibl o1 0.4 1o 1.0
beiku (CLIBOPOTOUHLIN, ObIMKii a/1b0y MU, =10
-XUMOTPHUIICUH)
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IInenku Jlenrmropa—biomxerT
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Irving Langmuir

Katharine Burr Blodgett




Katharine Burr Blodgett




Agnes Pockels

Katharine Burr Blodgett




3aiura BOJOEMOB OT UCIIAPECHHUS

SULALLUA UL
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Pouie Macel B nipeioTBpaiieHuu
TPEHUS JIBYX TBEPBIX IIOBEPXHOCTEU
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0 0]0]0]0]0]0]0]0]0]0]0]0. 00

OpuenTtanusa mosiekyi [TAB
Ha IPaHUIIE BOJIA — MACIIO



n-TonyuauH:
Ha TpaHMIIE pa3jena Boja — Bo3ayX: Sy, = 0.254 am?,
Ha rpaHMIle pa3jena Boja — rekcad: S, = 0.262 Hm?,

Ha rpaHMIe pasziena Boga — oensoi: S,, = 0.258 Hm?.
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