.Chgpkm 14 Soluhons

We have been studyirg promaidy pwe eloments and compounds (Chaghro
§ and 9). But substances in hotwte wsually occun as mixtues and propeiiss
of muxtunes are oflen very diffrent fiom the original substamces. And so,
we will shudy Soluhons and Then Propmm.

Soluhe.: a homegeneous muxture of pure substamces in whch. no $fffing occurs.
ConsisTe o‘f soluemt and ame or more Solutn. The solvent, i The MY,
I wokich. The solulss one dissolved ; The ammount of solvent s Gunder

Tham the amount of Solly .
EXOJW\.plQo: Solvent Selute Solid Liqud Gos
, Solid odloys dentol @umqs ¢
df more . adcohel +
ot here => L»%)u,\d seawater | vodka (“wos )| corbamaded Ha0
Gow ? ? QL

7 maybe you can think of an example

We ana Prvma/\,«hf wdeeskd in Fhe dissolution of Gaseo, «aua,uxdo amnd solids
In Q,\%u,ds

Dissolution. of Solids in. Liguwids ‘
0 * like dussolues fike' - & subshness Wik Sumddan shuchus ottt each ofan
polon solvers foad fo dusolve polan solitis -with, sumdan stuchugs. &
e K0 (versy polan) thasolies mamy immic. Compounds (ulbmale in polosity )
nonpolaa solverds Yend fo drselie honpolan Soludls itk somilax Sfuctune
eq, hapk‘?f\a{l‘m\e ‘910“8(3) duaselves in b%@mh" C,H, Q)

c
Il | \ |
H’C\(':éc'\ C¢C~H H’Q\C4C'\H
H M H

(2) 1one salls witk NqN)/ choaged 1o AlR, Mgo, Cr0; have VMY N?)u
ion-ion. infroctions ( Coulomb’s Law  F @ %) and requiee much enangy
© break apant. Hewce these salb ane net very soluble i water.

In ca.emﬂf\o&, many soids re%u.w. hood Yo deaoolee.



|
j;D1S.L~:obud'1‘0r\ of Ll%uids A h%uids - Mnscib'&xt{
L) “like dusolves ke iguids with Somdon shuchumes ang ruscke.
eq li%wds exhubitng H-bonding aug muscbde @ Hy0 and CH3OH
nonpolar av sbightly poloa A{awdo with, Semudon suckune one musedde
OHC[3 and CCly
CHyCHy CH, CH, CH, CH3 amd CiHg CH, CH, CHyCHa CH, CH

Cbe H H O./V\d -I'O(JJ-Q/V\Q. 3
# H H :

H H
M

Wwhereoo Cbe and HJ_O are hot musclble.

,DISSOhd'me o‘F (roes In LJQU.&C{S

() like dissolves ke’

(2) the only qases that dusolve appruciably in woden, (owr wouod solvent) ore
- thowe capodble of H- bondln\q (HF)
- Those That ionine  (HCL, HBr, HI)

- Fhose Thot react itk wodtn ( (O, + H0 =2 Hal03ag))
very mmpatemt In seawaltn.

Concemhodion. Units of Soluhions = A Review PLUS

;(l) Percent by mass % solde = m&moﬁf& x 100

(8) Moloddsy (=) oy e d sl
(3 Molali, (58) = e o SITERT
(4) Mele fraction. Xt = o mf?mhf Orfo?%& solvend

number of moas of golverd
Xso\m‘- no. moleo solldla + no. mely solvemt

by d.C‘EJMJHOY\, Xsohm, + nglumd' = 1
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Exomple:  Coledola % by maso, molaactsy , moladity and mole flockim. of
bemzoic add in @ soluhon. Confaiming 3454 of b@ngoicacid Ce HsCOOM
(Mw =122 g/mel) i 200 mL of benzene, CoHy (MW= 781 glmot)
The dunsity of pwe bewzene is 0.979 g/ml 5 the dunsity of ﬂ\e Solwhim,
s 0.890 g/mf.
q benzeic acd Extra. codadotmo
(1) % by maas = Vgsol.ui{m * 100 Recoll %sm=950m+3golm
3.45 q Ve :
= l#q% X 100 lgu_j. %So|uwi' Dbmmx #ml
1) 5,979 Yt % 200mL
= .93 % benzoc acd = 1Tbg
q soln = 34549+ l?b7= 1¥94
mol benzoic acd - 3454
(2) Yholoxm’ = L. solution mol be/»\agic,acd= 12 7/mol = 0.02%3 mol
M)
™) 0.0283 mol | Gsn 139 ¢
= 0.3 L mbL solwhon = "Dy O_gqo'g/mL
= O.MH M = 30l mL
_ mol bemdeic acd ' _
(3) Ynolahdli = Kq Ioemzens only Rg benagre fownd in (1)
M 6.0283 mel
B 0. 1%k kq
= O.lbl m
- mol %o\o aud 1tbg -
(4) Xbﬁ.’;‘f‘f’“‘ ol m\c + ol W mel bemzene = ¥8.18/mo-Q 2.25 mol
0.0283 maol
T 00283 mol + 2.25 mol
= 00134

X bomgere = 1= 00124 = 0.98%
mol bennere

<= mol bﬂ/:g‘\c. + wol bmz-,me,>
Qu
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E;I’ what axre Ynolo-ﬁh, and mole -ﬁac:hbn qood 'ﬁr I

Coll \qc:d"lve, %per*h'es

Colligalive. propertas of solutions one physicall propuities which depend only
on the NUMBER of solide parheles in Solution and NOT the KIND o
Pa/\‘HcJe.. These POAﬁcJes cam be molecudes or ons or belk !

Colligative propertes inchude lowering of vaper pressure , which caues
botling pount elevasion.
-ﬁeew\q Pount d,g,Pre.sswm

Mmembrane oSmohe pressure.

Vopor Fessure Lowering of o Ligud

Vopor pressine of lguids always devwsse when NONVOLATILE  solutes
(molecudes or ions) are dissolued in them.

OOQ 88)

before. dissolution. aﬁelx_ dtsso(wﬁom

Afer. dissolution. , there are ﬁwer
Solvent molecules at the sw»ﬁuz
To veporze.

- vaper pressure is Qecwased.

Rooults Lawo Quanhfies The vapor pressine lowerng of o solvent due fo the
presence of o nonvodahle , non lonusing sohds -

Rooults Lows:  The vapor pressune of a Solvent in a soluton. decuases o The
mole faction. of the solvemt decreases.

Fvent = Xsdow P;Nm where  Xsolvent = imole fiaction of solvent
Pcloent = vapor presswe of pwre Solvenmt
P solvent = vaper. pressunt of solvemt i solu®
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The lowering of vopa presswe Is dn_{z}\ed as et = S:ww = Psoluent
-t substhdung. info Thi defumition The exprassion fn Prolvent Fiom Roowlts Law

APSolM = goluaJ - XSoluwT Ps;luemf

= Pesvent (1= Xsghoent)

Recoll Xsduowf;*XsoluIn. = |
Xsoluh, = !_‘XSO/Ufmt

Then: “Psoloent = X sobute " solvend

New: Soluions Hact obey This relationship ane called IDEAL Scldim,
E\’wmp_la: (Simildan o Ch 14 # 43, #44)

Calaulots, Hhe lowering of vapa pressure. and the vapm pressune of tha Solutfion.
preponed by &uduug 7509 o sucrose CypHpaO, (MW=392 g/mel) in 3000¢g
of Hy0 ot 25.0°C . The vopn pressue of wattd ot 35°C © 3.6 forr

, E%Amhbmz Vapo preas ung IOWM7 APSOIWJ = X.soluji_ Ps;luud:
VOPON Pressine o‘fSoluﬁov\, E°[M= Xsolm P;oioud'

CPlan’t () calendoTe molio of sucrose and moles of HyO
Q) caladote Xsolu@vd' |
) coladats Psoloeat, The vopo preasune of e soluhon dugctly
() we 2Pt = Paloed = Psovend  To alenlaty e Vapn pressumg
/owcn,(mq.
Nde @ An olenadive method woadd be o calewlals 2 Palpent ety wurg
Xy , Ton find Ryt Since  Proloort = Plofoent ~ 2Psoluent-.

* s is only | way to do problom . There ane many ot vavehons  (see Nota)
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' 300,09
(1) moleo Ha0 (solvent) = 18.0 g/mol = o7 mols

. #5.09
moleo C,QHMO“ (Sclub.)= 342 g/mol = 0.219 meley

‘mds soluent Jo.F mol )
(D Xsduud' = oty soloend + modes sobd = lbFmolr 021G - 0.9%7F

(3) PSolvewd' XSM P;lm = 0.99%F x 23.3b forr = 23.457orr

() “Psgliond = Poloeat ~ Reoent = 233 4o = 2345 Jorn = 0, 31 4ou

The lowtumg of the vapn praswe of o Sol%‘{?rbk{ addinc? a hom-volodle sollz
hoss fwo very uatfuld CrnSequuunCas- (F(? 1%t shoun bedow )2

Fol ~ o — - e e -

Vower L i ol boling FIGURE =t Because a nonvolatile solute low-
QPO : H °‘F ers the vapor pressure of a solvent. the boiling point

pressune P pue solvend  of a solution is higher and the freezing point lower

: than the corresponding points for the pure solvent.
soluent” : The magnitude of boiling point elevation. AT... is iess
(“’Oh‘) : 3 than the magnitude of freezing point depression. A7,

P &
LT\ LT,
ol [ e, B B
AT"F SQ\ A.’.b

() the So{whm hoo o quux. bmﬂwq pont thom the pure soluent
Q) the suhon. hos o lower -ﬁmamq //meling pount tham the puny

Solvemt .

The duffounce. betwesn. The bindumg pois of the puse solvext and Y solckim.
(4‘,73) dt_pehds only Ol #\E m,urv\.&’_/\ of Pcwl'zcﬁu Wolued In WSU&,QLLM
The parhiclen can be mofocudos , 1ono or botk.

The same is twe o The 21, M&#WMQL between e ﬁ%wq ?ocﬂb of
the pue soluent and the soluhon..
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For o solution of a nonvelatile compeund i o solvent :

Bailing pomt elevation , 2Ty = L Kym

Frecz&nc? pount depression, 2 T¢ = L Kem

where 2Ty = B.P o lutin = B.P solend
Ky = molal bo.d.u'r\? pont elevation eonstnt  (°C/in)
ATe = FR (MP) pwesolvent - FP (MP) soluim.
K = mololl flasgung pout depreasion cmotant  (°C/m)
ms m

L= Vamt Ho-ff ﬁdor

Nelao: 4T, and 4T¢ ane adways Pos'&'we uwmbers
Krand Ky one ddfoont 0 dffeunt solvends. - 7&3&»\ back of exam

OPL

Mant Hoff Fackr 1

:\ﬂxe vamt Hoff factn, ¢, 18 a measwe of the number of panhcles Thot reoult
‘ﬂcrm the dissociafion of 1 formula wnit ov molecull of a subsfaree.  We will mly
corsder the 1deal vant Hoff facke fr fhoe substamcs That disoocide 100%

mfo Thia Ione.
Compownd Comp\nﬁ, dissouphion reachon L. ideal Vo.,,;j- HQ{{ -lﬁd-or
suenose, CiaHz00, - 1
nonelecta it - 1
NaCL 69) No&ﬁ(o@'% Nol + QU L
KOW &g KOHog—= KT + OR 2
HCL @) HU{N@% H* + QU ) 2
K;LSO'-( (o.%) K:,_SOH - &K* + SO‘-ll 3
Bo- (OM),6q) Bo(oW),> Bl"+ QoW 3
Ky POy @ KsPOy — 3KT+ PO A
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Exomple s Caladod The boding and fieernq point fr o Solution Comdauning
8'.509 Gf‘,b&'\i*oic. ocd (Mw 122) in ¥5.0 g benzne (Mw 76.1).

For benaene K+ 253 C/m beuurg point : §0.10%C
Ki: 512 C/m fuasqurg point = 548 °C
(@) boling poind  “Ty= i Ky m s me S
elevation. =[x 253 C/m *0.929 m = $509/122 9/mdk
= 3, 350C 0.015 kg
= 0.929 m

-

* new bodurg pont = 8O.10°C + A35°C = §2.45°C

(b) fammng pont  ATe= LKp m
depression | % 512 °C/m * 0,929 m

4.3 °C

 hew ﬁ%m? point = 548°C - H26C= 0,32°C

n

Exwmpla ¢ Coloddle the @3%9 pomt of & O )OO m KyS0y sofukion,
(Assume complete dusocichin. of e salt) Ki £ Hy0 = 186 °C/m.

H

L Ks m
3% 186 °C/m * 0100 m
0.55%

simce KpS04— AK+ S04

"

= faegirg pomt of solution. = ©.000°C - 0.558°C
= ~0SS8C
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DPetrmination. of Molecdan Weight by Fresamg foint Depussion (or
Bofling Point Elevation) of a nonvolaile nonelacholis -
‘We, Rhow AT} = L Kf fh = /(,:m smie L= fa nmdadzoh[@

% if we Rrow Re fiesgmg poirt of The solwfion, Kf, maas of soluti and Solvend,
we cam calewdate mokcdan weght:

AT, - {< gg SOW/HW i moly soludi
f~ N kg solvent Smee m = Rg solvent
oz

kqsolow

,Exam\pur A 512q sample of a hew nonuoladile honelecholy wao dunolved
in A50 mL bewsene o qure o solubon That beib ot Wb87°C. Caleulits
the moleunlon weight.  fFor bengme, Density = O.8765 ¥ml, K= 2.53°Ch
bp. = 80.1°C)

(§ soWda /Mw)
“To = Kbm = K, kq solvent

(512q /Mw)
(%3%°C-801'0= 253°Cm ~ 5014 Rg

: 08%5 |
Sunee k%bwgvneﬁ 250 ml x 'Tntq" W.kho
= 0,219 Rq

Solurg, MW = 362 g/mat
Alevnatine method © Do problom skpwiae = 4T, Ky S m B molio & MW

| AT, (96.8%%¢- g0.1°C)
)y m= 7%, ° 2.53 °C/m = bb3m

(@) mod umkmoum = 1 x kg bunne = b.b3m x 0.219 Rg = 1,495 mof

: # SRgq
3) Mw =#7n8§ T olasmt = 353 g/nel
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The other colhqoa‘im onper‘ty we need fo dwcwas is

Membmme Osmotic Presswe

Osrmasis :aspmtameous process by which. solvent moleculss paao tiough a
semi- povreable membrane fiom a Soluhon of low cmuv\ﬁoa‘zn

of shiL ‘o a. Sofuhm with a Mwwﬂchm

Rue Solvent Ssluhen

f:— He pressurs excended unden Thas
N No.CL @o) condition. is callad
Ha0 _T_:__—’" >t csimshe presswne ()
— €se Pressues aa by poivs
scmwt . iM hmdadwgl 2224 o:!'m
N H;L Om*'lc,
PY‘LSSU/\L
osmohc pressue (odm) € M mo(w o molio
bud in il oguesls Soluckions, Mam " L soluhin
" i h% (H20) SOHL S)
- we hade - T = MRT Whue T osmohe pressun (a}g;bw
b, T = IMRT M melanty (™)
& R 0082 iR

[No‘ﬁ. ‘l’f\eSumioMt{ o P= n QT—) the (deal qao ecé,w;l'w»\:(

Osmotic pressume s used mcdmel +o estumaly The malecudan w&«:;l\b
of veuy lange imolecules : 'Po(?mw& v bidogical macromolecuits.
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Exampla: A I-OO? samply of blo(oqléol maoderod. was dusolved in &/wn?}\,
water Ho give 100 mb of Solufion..  The comotic pressuss. was
.80 dorr ot 35°C. Calowddle motany and appovundty melecular

wajl«t :

T =iMRT = MRT e non elecholiye
I 280 torr
G M= RT 624 LR x (25°C + 2%3°)
= 15l x 107" M
% mod
() M= ¥l = #ml= M x #L
= LSIxI0YM x O100L
2 1,5]1% )02 el
pid .00 q
MW= Emot = TETZTTmal = bk *10% o/hed

We could solee ]";1"\ He molocudan wﬂqkf d,mg_d-&{ :

_ \
T= MRT = (T5)RT -

(#33 RT

roMamgng, MW = LD
- _1.00g x 624 Liorr/med- K x (25+28)K
"280 forr x  O,IC0 L

(F yor

= b.by x)ot %/h\O‘Q

Fo infenust © read imbroduction, Yo Colloids.



