SCIENCE CAREER COACHING SOLUTIONS

Unit- 1

SOLUTIONS

# Tntro wn 2~

A solution 1s a homo mous‘mfxture
two oy moxe substances whose co f;osrl;wn. AN,
Vaf] mitun  cesdann Lomits.

- I a 5o(u:&‘on, the the substance ave
moleadaw o¥ ton'e l small fhat 'an:?f u‘Canm't
be seen w.rfh makedl cdu and do not scaﬂ'cr lx?b\i’

EKGL"_’ZIP‘E e
o Sua,a‘(—k watey = Su.avm’ soldton

® Sa H'.' + watey = 6alme, 6alui’wn

- 4n (,bLUUJ/ Ao(uiﬂm thexe e two man Ce:m/oonen‘fs:

1. SOWENT : The com /oonm't‘ vesent Un a.u@ e amount . It
delisumi'nes the Fluf!cal stat of the soludion:

( solid hclud, o¥ gas)
Q- SOLUTE: 7F|'¢ ceom nm‘t'/oreacn‘t m SmaUcr amoun‘b

it s the 5ub5{-ancc that aofs dissolved, wm the
solvent -

H g?lbcs af solufions :—~

solutions can be Vdassz'fzéd, i fvo mam wajs 2>

1. Based on the Numbey O# Componcnfs——

&n_g%y solutlon ! contams two ComFonme [one solute +
one solwn't]
Ex—> Salt (h water.
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o 'Eaﬁe%)f solutton : Clontains thyee C@mf)oncmts-
éx — Aleoholt Watex + Acetone -

° va solution: contatins moxe than theee
substonces .

2. Based cal S solvent —
ased on fhglph?ﬂca tale Of olven

@ ase ui?. o

— The solvent is a aas- i
— The solute can be a gas, h'?uud oV soltd -
— These axe a{wa\rs o oaemous mixtuses .

X NOTE = All gascous solulions exist in the gqseoua
statd and axe Lu/ufofm 'fh"mu_afhoaf

°%54' Solutions :—>

— The solvent (s a b'?/ufdw

— Theae axe the most common fﬂbas of /soluﬁbhﬁ A;l daf!y
Ute.

— The solule woun be aaas, Ju?zu[d o¥ sold -

o Solid ﬁalwh:oigg —

— The solvest I's a solid.-

— These are mosff’)/ mefallic mixturaes (allofs) oY other solid
tombinations:

— The solute ma)/ be a aas, {"‘1“1}'{' oy <solid -
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~ g i
* Summary Table o{-_j d:#ucmi' i,:'ylpc.s of solulions

TYPcs of solution. | solvent | Solute Examfale
1. Graseous soludun| Gras Glas Ay (021N,)
»(-&Zu.taf Mo/lst axx
solid Smoke
s K&é’uia’, Solution &iufd fas soda watex
Ait,u'd Alcohol tn walsy
solid 5ah‘/60ém’u%
watex
3- sold 50[u11.c;n 50&:5{. G'I.GS. HYdh’D@Enih Pal!aoli
bcyud» ﬂ-malﬁam
solud, Brass (loppextZn)

# Dctewmination of (oncentyalion of - the Solution >

'moc conccnimfén. of a solubion. tells us how much solule
AN Ffumf 2n aawm c,/uanﬁ'{y 0{ solvent or solulion .

It can be expressed in semamal ways depending on the
m.cjlui;ca.mewf« O\}/ CP %

1. Mass pw_cmfai?e Wlwee): The mass of solute predent
; (Wl J.l.ooa o-f sofui'af n - P

Mass oncmfa.ac = Amount oF solufe (4 & x 100
Amount of solution (,ma)

= Amaun‘f'Of solutfe (-u'nz)_ X 100
ﬂmwnf'af solufe (a) +f-}moun{'o{—5ﬂlvmfla)
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- bLeneval formulq
f‘) ) X a/, W/h-): NE X.LOO
WB+Nﬁ

Whexe, A I's solvent and B I's solute -

Examf)le—* .Loc? Nacl i 30? watew = 10 wiw.

~

i Q. I& we have 10 molal wrea solution calculate
Mole &rac,twn 0‘6 wurea. in this solution & also
calculate % wfw crg wrea.. (MW = 60 3m)

Ans. 10 moles wurea in 1000 gm ‘75 walter
10 10 F

Xoyrea © =
10 + 1000 65.55
18
10x60

% w/w wala-hi cﬁ urea. = x 100%

10x 60 + 1000
— o
L = 37.5% J

2 Yolume peucentage (V[V )i The volumne oiasf:;ué‘; ‘meft

. 100 ml azi

Volume Fexcen{-a.dc - Volume of 50/‘4,5'("34 ML) ¥ 100
volurne of solution (u mlL)

= Volume of SO’LC&C- gi’l mL) x 100
Volume of solufe, ( mL) + Volume oF solvent (mi)

=y ﬁmme Tmu!a ’

\ — '
i ViV & x1lod
Va+vg
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Whese VB = Volume of solufe
'Vﬁ = Volume OI( SO’VCM-L- .

Example —> HD ml ajeohol [n_loo ml solu:hén "
volume. e = HO /s,

3. Mass |volume. pucaqfﬂa (W[vY) : The mass solute
Frcdcwf . 100 m| ofcfs ludion -

Mass - volume fuwmh?e = Amount of solufe (4hg) x 100
preunt of soluwhon (<inm)

Emmple— — 53 Nacl 4n L£00 ml Wadesw = 5% wiv.

“- Pats pex million. (PPm) ¢ Whon a solufe /s present in
oV munute amounts. ts conc. |s
c;cl)zrcsscd. . PFm.

PP = mMass of solutz
mass o'f soludion. 10"

5. Normalréj_.( N) : fl\lumbuu 05 equivalents 0.6 solute pew Litve
solutio

Nofmaﬁ{y(N)‘ gram_equivalents of solute
volume og solutlon th Liv.

émmfle —"Ez;ulvafenf 5{unaﬁ4 og solute an LL solddion-

Q.25 cm® of 0.2 M H,S0O, solution is diluted to
0.5 dm3. Find normality of the diluted solution:

a. 0.2 N b. 0.02 N
c. 0.002 N d. 0.04 N
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N,V, = N,V,
0.4 x 2.5 x 107> = N, x 0.5
N, = 2x 107> = 0.002 N

C-M}JM): Nambesw og moles 05 solute pew Libee og

°

sol n.

M= moles of solufe.
volume c%' soluton i it

Exarnflc —> Moles 06 solude L 1L of solutton -

* Both na:m:i:"ifz‘;?imrxif{y oﬁ a solution My?t‘ Wit
¥ Molah"{-y(m): Numberw og moles o.g solute ’w-u Ka og solvent.

m = Moles oF solute
mass a{ solvent (kg)

€xample —> Moles of solufe 4 1 K og solvent (doesnt
dCFehd. én -Ltm’;um-l-um) .

* A soludion 'hav?hﬁ, moluu’ty ciwzt v 1 uru'éf 1 galled]

“molay solutron”.

¥ A solubion contain one mole oﬁ' solule )oew 1000 am
of solvent {ras mol U‘Lf gual ©°1 , and 28 wolledV a
*molal solution .
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Relation bfuw Mofwe.?.U & mo.t.qzit.] g

1000 X Molq.udyla

N 1000 % densHa = Molasemass- Mo]q,(ia

- Dilubion 6ormu,(_a :Iﬁ-ﬁqa solution og same substance

di lufed. b a.d.d.w.?, solvent fvom
velume V; to vOlu,mc Vy 'f’hcn. initial mo!ud: M; ard,
Funal moiam‘] My are related ay —

[Mvy = MaVa |

ubility of Guases in Aig.g._s_

5a{ub:b% “ﬁa as AN a i lLLdJ Is the moximum amoum‘b
t “can dzssolve n a cextalin quantit
roltu a'ta 5Pw8rc {emfwca{ui'e. and. F’ressq're

tovms a satuxated. soludion when o more 8,45 cain
disselve .

- ﬂ{je_cﬁ_:;?, wlub'blr'b]._gﬁ@ﬂscs n h'c;ufah o
1. L@Qﬁfﬁﬁgrc (chryas ‘LQW) —

o Observation: Gras solub?b'? ,Emc,reases I the pressure of—
the aa:s above +he Lfriud T

® Reason: Move gdas molecules ave "Fus,hed“ o the Luzwui
at l«u%%er Fressure

o law: Ccxp orx C=Ky-P
Wheve, K= Henry constanb-
¢* solub:'h'{j of ‘i’he.aqs [ mol /L)
p= ParH'aL pressure 03 the g4 above Hhe h'zut'i
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Application of Henra’s law

P Sea divers wse air diluted with He (11.7% He, 56.2%
N, and 32.1% 0,) to avoid a condition known as
‘bends’ to cope up with high ‘P’ under water.

> At h1811 altitudes, when partial pressure ob! 0, is
Lless, it leads to a condition known as ‘Anoxia’.
Th.ea should carry 0, .

( * kcy f:o?nts ¢~ )
@) Ddivect Progorﬁénau'{y :
® :15 Frcssw-uz, doub [es ) SO!ubW-{j doubles -
o 4f pressuve halves wlubfu‘%f halves.
[B] anpe'ca-lum .ﬂc;pmdmcc :

o Ky meweates with eate  An -icmﬁijﬂ—‘cb, s0
solub?b'{] oﬁ gases decaases at ngﬂfb’ éthoijm

Q. ﬂB Ky= 0034 (mol/i-a-fm) b‘of 0, at A5°C and e
FMCLC P'reésu% 06 09 i's O-21 otm ;

> C=ky-P = 0.034x0-21 =O-007ll1mol,/.(-

# Lmitations of _J‘jf_hl’]  daw >

(@) Pressure s mot vedy ﬁfg(a-

(by Not applicable :'6 gos veacts -chemf’ca.l{)( with the solyent
(¢4 CLatH0— H,C03)-

) Md){ fFail at ht’ah 36&6 Concentyations ( soluttbn meas
sa{»rrm-FoV\)A

@y Low 15 valid anly ot constant Lempexatuse’ 5o!uhd_-t3' &by,
decsuases as -I:QPI\FG.KA;"IU-LB Ml:&d_s F d
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2. Effect of Témperatuve -

® Obsevvation® Solubilit oa{ gases duveases with /ncrease
i %em’pzra{—ure.

® Reason : (nas molecules 3.:1.:54 Kinet'c mutw—rescaﬁc
From the Solufion.

* Example :
1
— Warm soda Hzzes move.

_ o;g?éen dissolves [ess th  ppasum Maii_w-—-ra;lua;‘-r’c lz'zfa
neéds cooletv watey-

3. Natuve aﬁ solvent -

o gffect i FPolaxy solvents dissolve folmr 30505 bc,H:c_x; now -
Pola‘s’ solvents cissolve' non- Fola'r 64565 bettex.

© &am,pl&: wa{c{(f)olab’) i ssolvea NHz betlaw tham 0, .

X Txick to Remembexs i~
' Pressuse Pushes , Heat cacapes , Polw—tf{:] Hdlﬁs“.

4. Natuve of %_% 1=y

Polayx ses dissolve easi’I] W Po[mr ,bf?luld_s s Non- Fola\’
lvex Jess-
aases diss0

The ?{cc\'east. ovdesw of absorf—[—fon c08554°q'm't og
vaslous a:a es 4n L 'mL watex Is f'vm below’ :
NHz »HCL » 80, ) H, 8 > €0y D€ Hy 0, >N,

— N, ,0; and (€O, axe move soluble uin chhyl aleotiol,
than watey-
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> 0, 4 ‘e’cad.r'l,] soluble . blood, -

H#H SOLID SoLUTIONS :—

A sold solution s g homogemous mixtuxe of 4wo ox
mote  Sollds where the sdlude is umr'formly i styrbuded.
un the solid solvent -

—> Types of sSolid solutions i~
L substdidipral splid solution —

o some atoms of the solverit axe "rcf?la ced b] solufe
atoms o—’f similax  sfzc -

® ‘,@mglc k

— Brass —— Ut Zn

— Byonze — Cut+ 5

2 Intexrstitial solid Seludepns —

o small solule atoms F—i"l'«(:vdb the em”)'fj 5‘Fac‘.£5 betivoo
solvent atoms -

2 Examj?le. .
— steel —> ¢ 4n Fe
- de@éew- Palladtum a,u@/ —> H . Pd-
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- Characlewstics =
- Homoameowl at the afomic level.-

—  Lawet pe 5c’oamfc4 9{ Pluazsl'cal, means .

— Usaallj Sfmrﬂdv and move cmroszbn—'rcsfﬁ-{-an'b Han
Pure, Metgls.

# Vapour Pvessuve of A‘iuids solutions i

When a liguld 14 3 i a elosed covdainey y Some
molecules ecape 6kom its swch«c,e and, ﬁorm Vapousd

— The P‘fcssure exescted bf these vapours on the u'czuid,
s ce s called 'vqr:owr Frc une”.

= Whew fwo 0% morve (r’zwid<s ave mixed , the total

vapouy pressuse oF “the solution depends an the
natuve ' and aqmpunt of—dacbu Ce:r.‘ffancn‘t-

= The process by nleh e moleend e og Vapouss
ave 'ruxed ut the § ce O u‘iu'd fe. Change
of Vapouy 15 J.LELuid. stdde (s”kmnoton ag condensation

— ‘Evafcra;f-&)w and conden satton axe ofﬁosc"i‘c_ Heaetlons
of 'each oOthey. When the vate o’f vaposq ton [s
equal o the vate of condensation ,tien the,
C@Ud&bﬁum ’'s establ’shed .
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= Types 0 aﬁ_éﬂufda solutions -
Theve ave iwe main {yfacs —
@) {deal solutions :
— Obey Raoult's Law at all concentxations .
— The fovces betwean A-A, B-B arnd A-B8 moleclet axe

similax .

— No theat s absorbed. o evolved on W‘X{.M?,-

- Ekamp!c . Benzene + Tolutne y N- Hexane + N- Hc/of:ana

(by Non-ldeal solution :
— Do mot obcy Raoult:rs Law.
— Yovces betuwen A-B arve d.:‘ffmf Fyrom A-AoY¥ B-8.

— ‘7F.e)/ Ahow devfaﬂéﬁ ﬁwm Raoult s Law-

—)_@_mﬁb_:-v

e For (deal soudiom—r\//aoar pressuse vs mole

ﬁ‘tadwrb (s 5—t-mJ.344:t (L
¢ Fov non- (deal wl@m—»&w&l& above o¥ below

the 5{-rw_?4,d- Line (da/oc:ncbma, e dewlotion )

— RAOULT'S AANW :—

e /)aMfL:IL vapouy resswrc: ench wmfonen't u
Q 5olwh'on.fs aUr Y leffu onal 15 Tts mwle
Fractlon i the L 1LLLd
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e @_ﬁw@ﬂ Fo rm !

oy a bfmay solution 05 (&Lu,xbls A arnd B.

Fg = P°Xg

Wheve : ° vaPOur }D-rcssuve. obf Fc.w.e A anrd B

e Mole mens
Fauc,ha,( Vq/bouf fressuxu,

- dg_npgr@nt Points :
o Raoult’s Law s applicable enly for deal solutions .

* It forms the basis fox u,ndw{a.ndx'ng,— va,f;our—- a"iuld,
ciuULb*rn'um .

o 4t cam be combined puith Dalton’s Law 05 Postial,
Psessunes 6o~r &as [Jhwsc amajy-s.:s

- lmutations -
1. Not aPchab’G 15 non- tdeal solujzzws-

s Vgl{d anfy whet solude and solvent ave W]
stmuday -

3 TFaus fov cloctuolytes oy 5{70»*1?(] associa}cd,/
dissp clated Subs fnces s

> gxample :

o Benzene +Toluene ( rdeat, Obcjs Raout’s Lam) -

o Acehne +Chlowﬁom [ Non-wlead , nCﬂaHva deviation).
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# Vapouy pressuve of solutions of Solids th. L¢'1M s>

When a mon- velatle solid: (L'ke salt o suga) LA
dissolved (n a volatile solvent (tike watew), “the
v‘af;oux Frcssmre of the solvent decxtases.

T's haf ens becauvse solule cm'b‘des oowP space
on the' 'surface, veduct e Mumbew ff so|vent
nmolecules cam €5 pe s vapou Fovm.
- epcf)lmai:iou. :

2 Pu.:aub so|lvent — qll, sm’é-d(.e, {aandi'dczs axe solvent—

l/uﬂM va{oomr P'rcssu're :

. SOIuﬁom.—rsomc 5 ce siter ave o red. by solude —
Fewesw solvent chh' s cAcafpe—rlow vepdus pressuxe

-

TRs phenomenon (s walled, vapouy pressuve {owuang
—> Raoult's daw for solude tn Solvent :—

P-P_ X solude

Fo
wheyxe:
° p= vapous Pz—essare of puve solvert .
® P = vapoux pressuve OF solutton

* Xsolute = mMole B«Aofww Og solute .

It shows that ralative Zomuwg,’ of vapoux pressure s
cqual o the mole Frackon Vo ;cﬁwfa
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d.uu-.l.] S-L-a:[-o Raoult's Law fovr the solution co%
volafle components. wiat f's the 5:‘mt'lwa, b
Raaultsrs Law and Hcr\‘()! Aaw 7

Arg:) Raoultrs daw states that +he, vessuve of the
Vafaour of a volatile component (n a 50!441'[:»1 'S Ly

Im:raoztwml, 1 its mele 6—¢mdwn n the solutwon-

Raoultss Law {s q s ocmi colse envy's daw . Both
Henxy?s law and Raowlbt's Law d cmbe, the veladtion-
- }Z bd—wcm: a soludlon and {ts vapour Tthat
s U eiuﬂibh"u.m nwytn eacin. 0"“461[?

Q-2 wh]/ does a.dd,ma- salt 4o water lowex its va,:oqr
Pfesswre T

Ans.] When salt (Nad) 's added to waliw , it dissoctalis
Wit tons ( Natand cl).

These lons attvact wa—{-ex_molcculca avournd Hiem,
Tcducm& the numbey of waterw pwlecndes taat
con es'eape wcte Vapoux T’ofm-

As a vesult, the vapou f})re,ssmﬂa of Hie Solutron
becomes lach than' Hat of Pure- woatew .

# ddeal solutign :—

An fdeal solution s one #rat obcys Raoult’s Law
Complddj at all concentvatioms “and, -&cmpewﬁucﬁé

'lFla‘tmmns

ar%:tal, vapouy ressum oF €acih
Componen’b (5 aL« CJH)/ erﬁ:xhonat i+s mole Fraction
m the soluton -

Piprali Road, Sikar (Raj.) Mob. 9385944225 (15]



SCIENCE CAREER COACHING SOLUTIONS

FPAa = P;\ XA
Pe = P& Xg
Protal = Pa+Fe

* Chavactesustics of Tdeal Solutions i~

1 Raowltss law tolds Fo¥ botin Componem:fs at all
wmposi‘%wm.

2 Ne en'{‘lfla-l,of Chawﬁ& on W'X(;«.?, :

AHnix =0

3. No volume Ohaylﬁﬂ N rm'x(;qu'. AVmix =0

Y. Intesmrwlecwday fovees between A-A, B-B and A—B
ave similar.
= anmplcg,f:—»
- Benzene+ Toluene
- Hexane + Heptane

- Ethyl enlovid e+ Ethyl Byomide

— m-Butane + m- Pentane
- Cq\f'f' 5!’6(:1-

These have Sfmr'(ar size and pol ty , S0
rm'xm?, doesnrt otuyb moleeday 'foyces ' much.

# Nen-Tdeal Solutions :~

A mon-1deal splutlon I's one Hiat does Mot ebe
Raouwlt's daw at all cConcentyabons oy -{-cmf;cmjluds-
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In these soludions, the indesactions betvuzor A-3
Molecules aseqs augbo«.rm Xuom A-A 0¥ B-B.

- Types af Noq- ideal soludiows -
Non- Ideal soluiI;ms ave of +wo ﬁaf&s-—
(@) Positivye Dentation fvom Raoult’s Law :

o Whtn A-B attvaction < A-A oy B-B attracton
o Molecwles eape move cas?!f—av valoouf Ffwm (ner0aes

e Mx!i'?' Is evdothermic.  (absovbs treat):
AHmix»0

-3 éxamfla —

t) Ethanol t+ Acefone .
(i) Cavbon tetrachlovide + Toluene
(W) Acetone + Benzene

o

(v) Mcdhano| + Watey- f
-5
Ft?ra-? Va OUY PFEMUYE CuYY e é:s

Shontt ve) dw:a:ﬂwm
Raou.lt'tskﬂ/ “- W

va
PV

Ma=l mole Frachon na=0

naﬂ-o —_—) “B=I

(bl Mm_mw Erom Raoult’s daw :
e When A-B attyaction >A-A oY B-B attraction.

o Fewerw poleetfes e1cape —s vapouy Frmure decranses-
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° Mf'xﬁﬂai Is exothewmiz ( veleases hea‘t)-
AHMI',,(O

—> Emm,ola. (=
(th Chloyofoym + Acedone -
(iiy Phersl + Aniline.
(iii) Acetone + chlovoform. '[

.

Ha va.fo us (weasu:re- cwu.t.;e
sho nc?a‘.ah ve deviatton
ﬁ""’_’“ oulfls taw ng=>0 — g1

@ If two components A and B have Pi:P; = 1:2
and have mole j:ractf.on in solution 1 : 2 then mole
fraction of A in vapour is:

a. 0.33 b. 0.25
c. 0.52 d. 0.2

Ans. (d) Mole fraction of component ‘A’ in vapour
phase

Partial pressure of ‘A’ P,

Total Vapour pressure B P, + P,

but; P, = P x,

P, = P;"xﬂ =

PP =1, m; =1 P =2 w;=2

Piprali Road, Sikar (Rq).) Hob. 9385944225



SCIENCE CAREER COACHING SOLUTIONS

Az.e.oi:ropi.c Mixture or Constant Boil.ing Mixture

Mixture 05' two or more components that s like a pure
chemical c.ompound boils and distills over completdg
at the same te,mperature. without dw.n.ae. in comPa&t.twn
5 called an azeotrope . Non tdeal solutions form
a.z.eotrope.s.

There are two tmou. o‘. azeotropes:

Azeotropic muixture with minimum Boib:n.g point

- Formed. bg w.d.s showt t.tcvc. deviation. An
intermediate compautbon mo? qu.d.& ha.vm.g Iugh&st
vapour pressure, thus lowest bodmg Pom.t 3we.s this

a.z,e,otrope. . Such a.ze,otropes have bod.m.g Pomts
lower than either og the pure compom.n,t

Examples:

e Acetone + C,H.OH (e.thgl. alcohol or ethanol)

o CCl, (carbon tetrachloride) + CHCL, (chiorogorm)

e Acetone + Benzene

Az.zot‘mpic mixture with maximum boib.ng poln.f:

-» It s gormed, bg b.qw.d.cs Ahowmg nega.twe, deviation .
An  ntermediate c.ompoa.twn oﬁ uqu.cd.s ha.vmg
minimum vapour pressure, thus hl.ghe.st bod.mg Pomt
3we.& this a.z.eotmpe.. Such a.z.e.otrope.s have bod.mg
Pom,ts hcgh&r than either og the pure componmt&

Emmpbe&

e Acetone + Anitline

e HClL + water

e HNO, (68%) + water (32%) non-ideal mixture
boih'.n? at 395.5 K

e H,50, + water

S
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# Colt%aﬁfs PmFodl'cA avd Defesmindtion. of Molav Mass-
~ Introduction

Mhen a mon-volatile solute (Aike sugay oy urea) |s
dissolved (n a pure solvewt (Like falex ov benzene),
CCXMLLWT(!C.QI wpedies ofF Hie solvent change .
These ﬁdv am[}/ an the rnumbesw ¢ solile

nges defe
Fakﬁdca )or ent 'ad met
Such pwpesties are called Colligative Wodih-
o Defrnition :

thety chemfeal matuve.

_ Col'uifhbe Pvu uCU°q ase those waaudfea
a solulipn tha do,)&’wi awf)f en the rnumbex iéesoluj'
Pa}d‘l‘du ard met 'en the ‘matuxe ag the sslufe -

¢ Jgpgs____of Collgﬁ' dhve propprtes i~
There axe blou.v main, celb:@»aiﬁm Fmra«ilu :
1. Relatve lowoang,° of vapoux pressure .
2. elevation o bofh;'a.(?, Foffm:('. F
3. ZieP'rasszgm e chczu‘a.?, fmid‘.
4. 0smetic /)*Jcssare-

#F Relative Aowaa'.n? of Vaﬁawr P'ressum—-

» amcgigt:—»

Nhen a mon-voldtile sslude s added , the
vapouy pressure of +he solvent deeveases: Thus happens
because some surdace moleedes OF the solveut ave
\;ctoiaced, bj soluld moleedes, wiith pannot Cécnf)c

¥

o vaﬁou é—orm.
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* Raoultss Law [ for dilute soluftons | :
P-P =Xglucte
Pi

oY t'g solution s ve;ug dilude ,

E=f . 7 whese
P ny P’ = apouy Freésufe of pure solvedt
P = vapoqx pressure 0£ soluftom

Rsplufe = Mole 6"rac;fwy1 ag 50 |ule -

% Esplanaﬁ.on (—r .
' ng solute Fa.u:ttdu lowest  the vapouy

bcca.uAc a&ww solverit molecudes Coun

FTCQS(,L‘(&
a.ca, e . Ths Ww.@. orhomb + e yuumbex
06 6o[w€o Faxhdu {es og 5o{u21'2-,

= 4t s used to cafadale molay mass af solute
Cx)owrﬂmfaﬂ]

# Elevaton n Goiling._pesitt —

® (on 2en
ot a ngwtd, 15 the tem

) The b&tft
at mhuth [ts v ng essuse becomes azm To

exteenal atmo 5f>huua {awsswm

When solule (s added:
® Vapous pressuve oF solvent decveases.
ey tempexsatuve s 'o'eiaired, tv Yeact the

* ;‘::‘ncf) a / _ f L -_t_ »
m,:ou@ fm:ssoms -—>bodm? ’xun YISES.

Mob. 9185944225 @_
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- Yovpwla,

ATy = Kpxm

Wheye !

o AT} = Elevaton bo;lo'n.a Pa.ln‘t'

® Kp = Ebullioscopic cons-tant (depends an Solvent).
* m- Ma(a,b'\‘] of soluttom.

— Explanddion, :

' Thi's [ncxease dﬁre,d‘f ror-h'omb
fo the mol 1‘7 [ moles of solute 5o|venf)
Thus, by meas e Mse in ba:(c [yotnif', e
molax mass of solute can be calewd

- hrymula fox molax mass:
&-hnq;gbz
M, = Kp % mgyx 1000 P 1 '
AT, x Wy Vapoun r i
presduce /o
Wwheve :

Ry = mass of solute
Wy = Mass oF selvent (m g‘mms)- | ‘.

# Depression 'Frccz[n_ag, Potnt —

o Cloncepl:
The Freezi (oomt of a (c@uxd, [s the écm,oejm-

-tuye at e M &,iwc_d. and Sold, Fhases axe n

c:iuilibn'um'
whew a 5o(u1’é, (5 added :
o Solute 'rweyd: solvert molecfes &am

Foxmc 50Lui VUU?A%als eas:l]
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® 773&&&6‘0!&, F-chu;«g, Foc;d‘ decyeases-
o w ¢ ATE = KF X m
wheyse
® ATg™ Dcf'ﬂsszc;m " Fve.cziuﬁ- ,:omi‘

° ke = CY]OSC-OPIEL constant (de/oends @ ss|vent)
e m:= Molalify of solutton-

- meaﬁou

veafeso the numpex o solule faqwhdes
a'rc.q'['ex' the [ﬁq of :U m;(' This s
wsed, i‘M malay mass cf 50(w\£o

- Yormula Fo¥ melax mass . A

alse

ufT
M, = KfXWax 1000 pressure
ATe X Wy

oy o4 In

A . S

IL—JIF q zma poind
o J'r >

Q. The depvessiont t,cumzx am:f‘ 's fourd 1o be
O 686/;( au di'ssol &ag« a;ﬂs F hor (1'« {000 «3,

Ylef)hf'ha.ﬂe .« Delosudine fhe ma]mi&’( ﬁorm,(a..of
5&{6«\’ ( K¢ fm’ nefh{hdme“ € 8kk 9 mo L)

Any— MB = KF x NE nNB X 1000
, ATE Nﬂ
(ﬂl'ucw, Ke = €3 K ks Mol
ATe = 0-687K Mg = 68 x 256 jooo
wg = 256 3, 048 [boo
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—> Aet the meolecwlax Frm,wﬂq of
Su,L/?MY m Sy —

“o Molecwday W%tdf' = N X322

Nnx 32= IS¢
Ast =g
32

- The mol'ccl.ddr é.a'rm.u-«(a 0% 50[Fkuf ’s 8.

n =

Q. Calculate the me.un?' oint a solution a
non-volatile Aotiut& n Pa. urj;wwn Aolventoj of
molar mass 30 3/mote ha.vag mole freezmﬁ ,033
solvent equal to 0.8. Given that latent heat Of

’ solid solvent = 2.7 kcal mol™, freezmg
pount 06 solvent = 27°C and R = 2¢cal mol™' k™.

Ans. 5
_ _ MRT® _ 2x300x300x30 _ "
Ke = 1000 AH, B 1000 x 2700 200 K k? mol
mole fractcbn a-g water = 0.8
mole fraotion a£ solute = 0.2

or 0.2 = o and 0.8 = N
n+ N n+N

n 0.2 1 _ wM
N 0.8 4 mW

- 1 _ wx30 . w 1
4 mw T omW 4x30
100 x wx K 1000x 2.0
AT, = £ = = ]
f m x W 4 x 30 16:6F

F.P of solution = 10.33°C

Piprali Road, Sikar (Rq).) Mob. 9385944225



SCIENCE CAREER COACHING SOLUTIONS

# Difuston 1= Ly Fof:tdsmm ema e added
i Covcliuney owaigw H ad{-uu some
Hme volet coloux spreads an couliiney - The
process (n w,wot«. e ovement of mo| eceles

takes place conc arvea Ao Low

wncmf-ra:ham a¥ea |5 Knownur alb d,,ié»u-iwm,
He 0sMmosie ‘—> nhen Huttle nmd have Sepvu'—
wnf_ab!ca mermbran (eﬁL purth Y colowred

soud—u f :ﬂjr (s ' A:A a condainer 05

A/um« allonds o pass
molecule,s df- Solvenf thvo 't , but 'doer rot
allow the molecules of fute -

chess of f)a:ssma, et solvent moiwulei.From the
6o(u,-l-wn. of lowiex concentvatlon to soluton of

Wighey cbncemﬁa}zam v a 5em_.."-—f>a¢meab[c
membyane s called Osmeosis-

—> demi’-pexmeable mempyane s madc cheru'cal
subs{ance Fheml. ov [)o-{-aﬁsmm fou—cooapamdc.

—> 5em:-Fwneable membyane s (ke @ condtivoud sheet
Contains a Nelwoy o 0? Small poves
lv

wuuda. aldlow o Faas mo|eeud es eut on.(y
“If '-';l— » Sugax solutten
-] - -l sstvent (watex)

1y senmy’—- pettumeable
~ mem e

Fi?a ‘> Osmosis
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# Osmotfe Pressuve (K) —

° Qngzt: .
When a soluliow and, pure solvent ave
6efdmf'cd 6] A semil’— ptremeable membyane, solveit

Molecules Mmeve (o +the soluton (osmoss).
The pressuse suguind, 5 stop this ﬁow ’s called,

osmotc F’fcaswre "

e Formula:
K= CRT
Wheye,
® T = Osmotic pressuve
o C= Mplay concentyation of solule |
® R= (tas constant ( 0-0821 L atm- k. el ™).
@

T='Tcmfacafum i Kelvin .

e Fomula fox_molay mass :

M, = WaRT whexey V = yolume o{ solutton (in [}{-ru).
KY

veverse osSmosis.

+ When a pressure 3reai:ex than that oﬁ osmotic
pressure s applied” on solution side , then the
solvent bfrom the solution ftow:s into pure solvent
this process s called reverse osmosis.

> Itu.&ed&mdaaibwtionagmwa,ter.
Tsotonic Solutions

At a 3Eve.n temperature solutions ag same osmotic
pressure are called Lsotonic solutions:

eg: Blood s isotonuc with saline (0.9% w/v NalCl
solution).
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Ig P, = P, te., tsotonic solutions

$han b . M2 ’ Wy _ W,
Vi Va MgV M,V,

Hapotonfc Solutions: Solutions ha.ving lower osmotic
pressure.

ngertonic Solutions: Solutions ha,vinﬂ h.tﬁhar
osmotic pressure.

#F ﬁe_}_Puﬁis fo Remembes —

L Collcgative wpe)d'rls depend anly en the numbesc o
s0l fa.fbh des , Mff-fha\’ ‘Zta.:l‘uve.- g

2 Used fox detewm tnddtion a{ melaxy mMass o{ solute -

3 4 solute dfssoc}.aaﬂa 0% as50 crates, ppsesnved @(Ltﬁdm'}e_
P Fmi'(e.a deviate é—twm the txpeded volue .

Y. Osmotc pressuxe is most veliable fox molax mass o]i
macxo molecwles -

5. Coldﬁaii&e pro escties ave diveeH Jmoforﬁ?amt to
mo (““7' ( except vaf:owr Fres ¥e /gwe}tzp?).
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H# Quetons colligativ Y

a-L At voom _tempeseatuye vapouy pressuye G-F puve
walere s 83-8 mm Ha- Mole [vaction of sucwwse
M its a9 solufton (s 0-1 Hhew varow( Fresswo’e-
@6 solution wull be —

Ans— P’ (vapour pressuve of Fuvewdkw) = 23'% mm Hg,
Mole Fraction oé sucwse Xsolule = 0. L

Xwatkial"' 1-01-=
W[Pdw.r Pre.ssure of solufton

P=Ywatoe , P*=0s gx L3R = 2L H2 mmHj'

Q@2  The molal éuu.az:.na. auvrt @nsf-an{' wa.{—eu.
is (8K ms § 6 84 § 's
(Cr2 Hm_Ou) (s dlesalvcd. m {aoi e
soletton  waill b«-z.eza at —

Ans- Kp (Hp0)= 186 K Kdmol'.
mass 0/' cane 5ugqr= §84 g -
ch—a/hf- 06 SUCYDS € C‘M—HZ'L—OH) = 342 3; ma‘-—,

Moles Sucyose = 684 = 2.0 mel -
342

moiw’ty(m)': 20 Mol = 2.0 m -

i-OFa

ATp = Kexm= L-84X= 3+72°¢

Freezc atnt o] puxe walele =0°'C, %o
TPt efp
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solutton 6»«11,:_“ at 0—-372= —3.72°¢c.

Q-3. A aqueous ?olutian Fyeezex cyt" —0.18¢ ‘¢ What
s the eleyatton is bam.ﬂf Fam‘f 7 (K= 1496, kp=0°512)

Pa— Solutrov A«mm at-0.196 "¢,
ATE= 0~ (-0:186)= 0-184°c:
Kg, = 1-8¢ (34'um)

{S_If = 018 = 0-Lm
Kf 1-9¢

m =

VoKp = 0052

ATp= Kpx m= 0-512ax 0-L = 0:05I12°c.

# Abnovmal _Mass _and_Van t HofF Facfox (i

- e e S

o 4ntrpducton

When we dd‘cﬁunfne. Hhe molax maes of

a 50!&1& us a‘ﬁue u (Ake. beilt oud' eletation
o¥ Freczi mt d‘%nsﬁon), somefumes the :1!
molay ma%s r5 d;ﬁ sent fyom the cmPcc:fei molax mass .

This haﬂ)ms because the solude ethesw dissociates oy
associates wm the  spludton.

Thu 301& aue o abpovmal molar masses .
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e Abrer ¥ Mass —>

The molax mMass obtamed. From collgddive meo?.fiu wich,
Wﬁéﬂﬂm the expuiid. mota'r ss [s ' cdlted. abnovmal
ay ass.

= Abrovmal mola¥ rysses ardse due 1o ¢
1. Dissoctdhiow of solufe —

- numbew of ar’adcs INcxenses -

— cozuﬁaﬂve. "Df’“‘j:)’ IncYeases

= Obsesused. mola'r mass decveases-

éxamrlc.— + _
Nadl— Na + Gl

One molecde
doubles-

Hence,
value

2. Assocdtion of soluls —
- mumbes of Fawf‘l"dm decsesoses
—~ tolligative Pmr)vd] dwta.mu
- obscvwed moOlaY Mmass Incxeases:
Emmple-—

84:\/64 two tons — numbes of fqrﬁ'dc

obsesved, molas mass becomea faatli the e/cfaed'ed

CHzCoOH (in benzene) — ( CH3 COOH),

Twe moleewles o sne dumes — numbex of f:arh'}:lu.
Teduycer bj halF.

Hence, obsexved molas mass betormes deuble the
c&f)e&ed value -
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# Vant Hoff Faclhy (i) i

To covvect Hhese dc}u’vatzns, Van't Hoff intwduced a
Factos < pwieh 5hows how many athcler qre

actuall P*(ac:/t'b i solutton compared 4o the

mmch cxpec:ka’- 'fhco*rebmu]

. a E. .!. .
The Van't Hoff CJET (7y s the watio of

the astial pnumbex o_é f P'rebfﬂt i solution
abtew association ot diZsdcuadion 'to e pnumbexs oiﬁ

formula, pwits di ssolved.

e Formula:

observed _caltigative propesdy
Calewlated colhaaﬂvc mewl:f(_assunuhg neo dissoc- | association)

.
|

oY cc}/w',ualm Hf 3
7 = Novmal molay mass (theovitical)

Obseswwed molax mase

H  Effect of u; on Calu.gd'we prwpoetru ¢ -

Al coll vy e w:.hons ave modified by muldr’-
Colu?iai'we. mecn‘] On'aﬁnal Fovrula | Covvected Fowmula

® | Relative Lowekua of VqFou.zr (E:f) = %Ky (Pﬁ_ Fj/ P°= 1 Xq

P'fcssu-rc, P

o | tlevation in boilfnﬁ-f:ofn‘t ATy = Kpyxm | AT, = [kpxm
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® | Depression i AT = Kpxm ATe = (Kpxm
F*reczm?- faom't'
*| 0smote Fressuﬂ: = C(RT K= (CRT

o Van't Hoff Facter (n @fssoda‘ﬁ;n S

Aet's soy one molecude ir)u-fs s n (ons and Hae
Evackion dissocuated =

Then,

[=1% (n-1)ot

E"a”r" . Natl — Na +cel”
Hew (n=2)
{F <=1 omplete dissociatton)
Cthem = 1+ (2-1) x1 ~ 2.

o Yan't Hoff Faclss i\ Associadion s~

4F some molecufes associates , the Factoy becomes:

* (n-1)
n

L= 1 —

- Wheve,
e N = numbey of molecdes fovrming L qssociated,

PMH’da (e*d-, dimet — n> 2).
® o< =[xacton of molecules gssocated
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Examplc: .
Acelic aud ( (Ha COOH ) dimeszes in bengme,
Mm=2
{f <=1 (complete dimestization) :

{=41- 1(2-1) = 0.5
2.

# Uses of van't Hoff Facley :-*
1. (ovvects the qwddns ofF caLLt?ai&'Jc ’)70’90417.24
- Hdps Fond. dea'rea of dz'ssodaﬂ;)w 0¥ assodadton ().

3 Helps caleulate  actual molay mass 05 solutés trat
dissoctade 9% qssocade -

# Questions :—

@D rvd | Foom molar rmasses
Theoitical molax mass_wgl-la-mol"
Observed molay mass = H.‘la mol™'. Fud (9

A L 2 Meheoo = 84 = 2

p———

Mobs. H2

> 2 — the soliite ves 2 paxhcles vruuda,
unit i 59 lutron ( wgﬂtpkﬁ &Lﬂo 'miﬁzspw-a&

€D Obsewed molay mass of Cact, = 55-5 6~Mol".
Theontical molay mass = llla-mal". Cacly dissociolzy
as Cally —— Ca’ " +2U™" 50 Mm=3 . Fud de%'o'e.f-'-
- oF dissociation o¢-
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ﬂ'h‘—! [ - -_L = 2
55.5

2=1+ K = AX=1 = «=0-5
«£=0:50 (50 odissocution)-

© Glewate the Mfoivﬂc of a solutton Covdaunl
60 aoF 3&«:05 (Molay Mass = I180g jrel™in 25049 of
wates - © ( Kp of waley = 186K k4 [mol™').

A= We know ATp =Ke xm
m= €0 [|80mol = 1-33 po] K3-1

O'QSF?

ATF.*'- 18 X133k
> ATp= 24733k

= TF -Tp = 2-4738K

= Tp= TE- 24132 K
= 2 273- 24738 K =27085242 K.

DREAMS - *

DON'T WORK <9

/

4

UNLESS
You DO
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e 138 3 e,th#l. alcohol (8 mixed with 72 g Df water.
The ratio of mole ‘-mctéon og alcohol to water (s:

a. 3:4 b. 1:2
c. 1: 4 d. 1:1
Ans.(a) Molecwlar mass og e.ﬂ'l.?l. alcohol = 46 3/mol.
Molecular mass o-& water = 18 3/mol.

138
Number ag moles of C,HOH = ) =3
72
Number oﬁ moles cf H,O0 = 18 = 4
: . 3 .3
__4 _ 4
o T35~ 7
" 3
C,HsOH 7 3
= = — = 3:4
Xn,0 4 4
7

@Two b-c;w.d.é X and Y form. an tdeal solution. The
mixture has a vapour pressure of 400 mm at
300 K when mixed inﬂwemobarra.twofi:ia.nd
o vapour pressure oﬁ 350 mm when mixed in the
molar ratio of 1:2 at the same temperature. The
vapour pressures of the two pure lquids X and Y
res pe,ctivd.g are:

a. 250 mm, 550 mm b. 350 mm, 450 mm
c. 350 mm, 700 mm d. 550 mm, 250 mm
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Ans.(d) Molar ratio of 1:1 means xy = xy = 0.5

Piotal = XxPx° + Xy Py°
400 = 0.5 p,° + 0.5 p,°

or px" + PYO = 800 sxilE)
Molar ratio of 1:2 means, xy = —%—,xy —_-%.
1 7]
350 = 3 Px° + 3 Py°
or py® +2p,°=1050 ()

Egn (id) — Egn. (i) give.é Py® = 250 mm
Pu;ttt'.n.g en (1), we 3&2‘: Py’ = 550 mm

O A solution contai.ning 12.5 g of non—d.ectrotgte
substance in 185 9 of water shows boLLing pount
elevation of 0.80 K. Calculate the molar mass obt a
substance: (K, = 0.52 k kg mol~!)

a. 53.06 g mol ™! b. 25.3 ¢4 mol ™!
c. 16.08 g mol ™} d. 43.92 4 mol ™!
Ans.(d) M = Kb >*Ws _ 0.52x12.5
ATb x W, 0.80 x 0.185
_ 52x125 -
080 185 | To+74§ imol

(1853 = 0.185 K3)
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@ Osmotic  pressure of a solution conta.ining
2 g dissolved protein per 300 cm® of solution i
20 mm oj Hg at 27°C. The molecular mass of
protein s:

a. 6239.3 g mol™? b. 12315.5 g mol ™
c. 3692.1 g mol ™} d. 7368.4 g mol ™!
Ans. (a 7c=nBRT ‘n = Ws
(a) ¥ 5= M,
1t=waRT=>MB=WBxRT
Mg \'4 \% T
_ 2 x 0.0821 x300 x 760
0.3 % 20

0.0821 x 100 x 760 = 6239.6 g mol ™!

€ KBr is 80% dissociated in aqueous solution
0.5 m concentration (give,n, Kf jor water = 1.86 K
Kg mol™"). The solution jre.e,zes at:
a. 271.326 K b. 272 K ¢. 270.5 K d. 268.5K
Ans. (a) AT, = L Kgxm
Here ; de.gre.e oj dissociation = 80%
s i=1l-a+na——K"+Br~
1-0.8+2x0.8

L= 1 = 1.8

S ATy =1.8x1.86x0.5 = ATy =1.674 K
ATy = Tof - Ty = 1.674 = 273 "’Tf
Tf =273-1.674 > Tf = 271.326 K
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