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* Chaplen 13: Ltguids and Solido

[n oun sh«d;o‘f quoes , we relokd the physical proputics of gaaes
to the behawior of the molecdes Hhet make up the gas through the
KIVETIC - MOLECULAR THEORY.

We are how gowg o do a. sumilan companison, Letwesn fysicad propentics
and molecule behavin for II%AAA:do ard solids.  Them we will
look ot the chamgeo Yot occun when o substance changeo phace

e qaozw = sold .

Thereanw 3 sty of matfue: ch\i Aguid  solid

«
+loud \c;n‘d./msed pashdes an

in close confact Lt each ofher
H'we conld look ot molecndes:
MORE ORDERED \
incrénse i~ Ihtermoleculon athrachon 4

O OO0 O] el cool,
O O u\c.vtase.? w\c:: P
o 00 © |
O
O |, hest heat
000 % | | TR e
GAS LIQuD SOLID
I.  ho shape I no shape l. &MSL\APL
2. Compressible 2. ot veny compressible 2. not compraible
3. low dewsity 3. maduum domsityy 3. AA?A-dM\ST(j
4. ddfuse vopdly 4. dffuse Fou I q mwsmu;@
5. disoudved 5. docdied W 5,

Effedt of preasng. ¢ Hhink of P an ]@v\cunq the. moleculea fogetan .

Efect of forpoatue © As T deeonss, luihe erngy of meleadso decnoave
wtik fac,es of ottractin betwen wolewwlio ooreomes KE. h%mﬁdm
but there s shill some diomder.

As T condmuss fo decnaose , there are shavger )ch ofo.ﬂmd?oy\



el

. which caige ordening To ocan and at low enough femprratues, The

. h%uuiscﬂdtﬁes or facezes.
Bud'wkoa‘ou. ‘fﬁw:;v\m molecwdon forews in Goaes and liguids ?
Fist, 4t illushote what we ane ducussung. N
Consider o beaker of wodktn, ( illushadion. of hy drogen bmdv'r\q) H;O‘/-/’O(”

H\ H---O"H ( e oo Infeamolecudar ﬁwmﬁww betyween
Q/ ‘4 mdwidual panticls
6’ “.‘ -
O—
(,‘)*'9‘-. ,_; " — inhamolewdan foress are within each molecule
i o These are shang covelort. bonds That bird
H the admo fogehen, in molecds.

Infermoleculon foices operdte over shat ditamces. M net for These foaa, the
condonsed phases (Liguids + Sotids) would not exist ; gaves wonkd never change
o ,Q.L%ujdo and solids. :

:Kir\ds of Inder moecudor Forcas in, LJ'qguids

L ion-jon indtrachon, @ moliem solfs ( NalL, Mg Br, » KUOy ete m mallen sw‘oih)
| Very shong imtnockion
| ,,_-@m.oﬁgﬁmﬁom between. & oppostiely changed ims — qovevned by

+ -

 Coudowbs low: F L &Hli where %f chonge on Coft.
3 change on oo,
: d  dutames betweon Them
choroctershes of wollew solls : | .
") have hgh bolung points because. ion-ion wdraction is shong
(2) lonic substamees with. mubhple changes (A’[ * Mg, O Sa-) have
hugher B.P Fhan those With Sungly charged imo (CI7, Na™, etc)
due o Cowlombs Law.
(3) conduct elechicity well suncn ions aure mobila.



2. Dipole- dipole inferactions = polan covalent moleaules (CHCl3, BrF, SO, )
meduim. shangth infnachon, —  less dhong Yhan ion-ion. acthiochion.
force of ottrachon between +s end og one moleande and -5 exd of

another : *_g ['__5 +$  smoll posutive chorge
r‘ — - .
EN 28 40 S small regatine chongt
+$ -5 g &

Br—F weeess Br—F

intramotecul / T el 1% of covaderd bond
= Qovoie:\; m mmd;m;ot— d}mfu ( f‘{w )

Chaackusho of hguids of pelar covedent moleades
(1) Bodurg Ppoints are lowtr HFan fo molen Salls suer
dipdle -dupole. rdtrachmo ang wtaker tham ton- i Lrdrachimo
(2) othese h%addaw vare volatile.

3 Hydrogen bm\dmg_ : pola CQUM n\ohc.uﬂa Qov».«pos-ed of H bcnddé?‘m%

speciol case of dipole- dipole cr¥rochime SNy F

Shorgmn Unttraction, Fham depele - dipole mieactime,

forew of athaction Between. +¢ end of mokeculs { H) and -5 erd |
of amcther (small, highly elechoregatire elument suchao O, N,

G,XMWPLQ_O HF) HQO) NH3 ) CHsOH, C/HsCOOH
- .t "g ttg 8§

H=F aee H—F
charocktushics
- shongth of H bed may be o hgh ao 10% of covalund berd
(9 compounds hawvrq H bding hawe cwmoecwhj«‘% bodirg
porcts.
N, London ‘@mzs_z non polar Covalent mokcules (Ne, COg, Chy , CHy )

(adso hamed Vam der (Waals aﬁmch'm,&spuslm—@\w; - chpola- 'mdwzdtdipolp;
atfroctive fnces That exsst over very shat dutances (Fo@ '&'5>

Eq. Ar bul of omy istand, . non-polaa yrolecnle
¢ O kg is a.\iem-pmow-a dlfoh.. P
hon polan k@ggw&w
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ou Jeomporany dxpo(n/ir com Aw\dum oudipole in other acfoms.
Ar r

GE_-O% 9F D -
Chooctrishico mort. polarize®
" (1) Hhe langer the moleaude, the easin & becomts o wduce dipolas 2
(s sinee e eluchon cloud is bger and moe waly distkd
PR v Londoen fBie ana moe Umpotoad in lgor mobeuloo (rmolecudio
, Wik, gho MWS) and ane offentimes o impatarts
i dudeimuning phuysical propetido of Lguido Ham.
euranest dipole- dgole vnleactine. -
Example s %ble, 13-3 d*lf?& Mm‘:ﬁnmw&wy l?é idr/}ﬁa
Leds cooider some examples to Wushak thase nieumolecudan fness

Consder e boiling pounls of the voble gasew as O\*ﬁlﬂ'dirr\ of W’:Sﬁ‘ée:

Noble Gao | Moleadon Weght* | BP (O
He 4 - 268.9
Ne 20 - A46.0
Ar 40 - 1%9% |
Ke . SH - 152.3
Yo 13) -10%.)

Rn - | 292 - 1.3

*as a musme of sige

The wenase i bp. as fumchan of moleculon size cam be iderprkd as
(£ becoming mne and mae dfcntt +o breake The wbrmdeclon
frees Ktweon molecmdso i Yo biguid Fo foum. isolased rmokruds
e Quo.  * mae t mae gy U de to do Yo

ar molawlos get Songer.
Te udemoleclon facsin This e aa London Foces.

G & O
rey O

L\%»L\d Gao



Lovdon foness.

iiAru#rf\eLserlf.; of nonpolar molecules ona the hydrocorbons. Balirg pour

increases due Jo W irg
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Formula. Name Shuchune Moleculan Wt. B.P(ec)
CHy methane -G 1o i
o ethame -£-C- 30 - 9%k
C3Hg propane. -L-C-C- 44 - 42|

n-Cytip | novmol bufame | -C-C- C:. C:,' 5% - 0.5

n-CsHa | normel Po\‘fzme. ' C:L ¢ C:.-g'«- L 3b. |

:ﬂ\e. fllowing is more complicated : - the hydudes of VA, VA, VIA and VIIA elomerts

1500~ : : . FIGURE 13-5 Boiling points of some hy-
drides as a function of molecular weight. The
ano malously high boiling points of NH,,
H,0. and HF compared with those of olhe Tt
hydrides of the same groups are due to hy-
drogen bonding. The electronegativity differ-
ence between H and C is small and there are - - -
no lone pairs on C: thus. CH, is not hydro-
gen bonded.

Boiling temperature (°C)

20 40 60 80 100 120 140
Molecular weight

G10up EA h‘a,dm.dﬁs : CHy < SZHq < GQHq < SV\Hq, In?!ﬁt ) "’Aesca/uz. Y\OV\POQDA.
~ London ﬁcu ans. o—p&a}wq and becomt shyrger as molecuden get langer.
- BP imweoses oo melicwlon weght imvaoves.

»GlQL&P,_VA_h?,&IZAdM‘_NHE, < PHy< AsH; < SbHy in 546&, |
- These oua polon. ' '&—\SHW and  dipole - depole indnachma aan expeckd.
N
Thae should decase ao MW P sumes, 2EN betwen VA elemont and H
deogaoe. The reenlt @ BP Y ao MW T This io_nst seen.
- BP imcaoves simee Siag of molecnds mowases and Londm ﬁcw imeLase
- the highen B.P fo NH; & due o H- bmdurg.

HF and Hz3O have amamo'ouolq
Nigh B.P, due o H-bmding,

Gioup ViR and VIIA hythides : samehond as VA



bt b i i e =

Té swmmerize,
(1) without mdea mole cul an '@ces I%U-kd& and solids would not exdst.

.(2) these Prees affect phusical propeddis of Liguids
(3) The relotive shengtha of the Tﬁw ane as ﬁlows :
Londm -ﬁrw A Lpole - dipole imdrochono < hb(d/\oqm bondung ¢ (- lon. 1ferac o

Example: Arramge Yhe followung substameso in ader of noweasing bolrg pount
C;LH@, NHS, Ne Nall ASH5 HC/O

Jowest BP Ne < CoH, < AsHy < NHp ¢ NolL ¢ MO
mamotomit ncmpo\on. polan c,ovoimd‘ polon covlent ionic

meltasde - covalamt - moleade olecule e MO
(mall) oy onlager) L
Foees:  London lenden . benden  Leedow o im-ien  lorv-ion
hpdidiple.  Hebadeg e %
F‘oc:‘bfns

Ndw: oll covalunt compourds have Londm Ghspersian pices.

:TL\C L\%u.'d Slf&'fa.,,r,- Pmpérﬁts | (depend on imbkmmoleudan ‘ﬁms)

) VlSQOS}Ty i a meaowe of the reslfance fo ﬂow
eg. mothaseo in Jamuonyy (sugan hoo much H- bonding ) hao ivqlwu
viscesity fham casoline (CoHyg)
I deperds on infimeliculon fortes , siae and shope of molecides
S a'@ncﬁm of fompmodwe © a0 T 1, infeameiculonfoess L, vistosity |,

(2) sw\ﬁu ¥mnsim ¢ o meoswne of inwond fprces that must be overcome fo expand
the Sw\ﬁm anea. of fguid - Surface femsion. is what ollows
'/%\ bugs fo "wolk on woktr, and Lt diops To be sphues
pOE partitle L is equally otfrackd fo oll ta rughbors
parhile 1 of fhe swifate is NOT complefely sumaunded by
neighbors and holds more fightly Yo The ones 't hao.




\3-%

@)_.,,m.piﬂmwmﬁcm,_x the procsss by which a dguid may climb o small dameter
e hube (e o6t of plants) ,
e Ve vesuld of adhesive frees (forea of otfmchon, betwesn
te liguid and ancther suifice) beirg greater tham
cohesive infumoleculan frces  (fRees heldung he
h%uj.d fogethun)

, HO Hq
Consider The messcus Wﬂﬂ/f WW]A

adhesion > cohesion cohesion.> odhesion.

:Evapomﬁbn , Vopor Pressme and Bodirg Pont of DM: S

What 15 1nvolved whem o Lgud chavges fo o gag 7 e

Evapeation: Yhe procase by which. mofecules buak away from The surfee of o Lguid
and become o gas
moleanles need o munwmum amount of kinekic energy (@ alosolucts, T )

i odw o do i,
FIGURE 13-10 Distribution of o
kinetic energies of molecules in a Lower Temperature N
liquid at different temperatures.[At] / KE
the lower temperature. a smaller .
. T tu

fraction of the molecules has the - / Higher Temperature
energy required to escape from the ©
liquid. so evaporation is slower at 2 5
the lower temperature. 35

2g '

E o Minimum kinetic energy required

e for escape of molecules from

=.5 / surface of liquid

Lo~

S 5 »

82 &

W B v'"

RIS~
1. 0.9.0.9°0.9.v.v.CY

Kinetic Energy ——————e

(KE = Em where va escae veloidt, )

When e kmporatua. io highin, Thers o 6. Qrantee fichian of molicules with
the necasony kunhic enorgy o escope fiom the Aguid .
< the oty of evopamoton. i NqNA ot IMQLM fmpatuns.,  (sensible)
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w The reverse procous s called condonsatien..
. Ina closed contaimer, a dynamic equlibim s setwp offer o periad of tore..

ol | evaporation,

8 O o | mdecules in h%u,gd mmo&a&es in vapor
W®s 10 o

o, oj'e%whbm, the nle of which. molocudes in.
hquid % %%%% , o h'%AAd became. medecudts in. gas (yapa) W ex&wi
0910 Yo the mile of which gaseous melicules Becrme,
h‘%ujd.

i the Hop of the beaker were removed, Fhe sysleom coudd NOT reach.
equilibiuum. ard the wader would evaporali.ao the Syslom. fuad o
reach equilitrium.. (An ushation of Le Chatelors priniiple ~
a sslem. ot egudibuum. wUl react Jo undo amy sfress put on The.
systom.

_ggp_o_r Fresowe, « pachol, presswe of vapor above The sunfoee, of The |<gtud
AT EQULIBRIUM with the vapor

*as ¥mpatune Incwases,  The vapor pressune. incwases.
- Vapor presswnes of diffrent liguids ane diffount due to Hhein having
dffrant. inteamdecudar foress.
gmmg liguide with, shng irdermoleculan. forces  (moliem salls, HzO k)
__have_low vepr pressunes and gh bodirg poirds.

.Bodimg Po'wd;_L, : the fomprnotune ot which the vope preaamne. of The figuid
: equals the applied pressme - wually atmosphuic pressute .

‘v ot the bodung pound vapor pressure = oppled pressune
of thio femprodure., oubtes of vopor form. beneath. the suiface

of the Qu@wd ord Hse o the Sw\-f;u. In STher wando, evapmation
occuwn EVERYWHERE  in the liguid, not juwot ok the swifaw.
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2000 :
waer |
5 1500 ‘ Theae ore plols of Vopo pressne 0{ Same
glOOO | ’&%st v Wm %C NORIL,
‘::1 o boubmq pavrd' of These M—de MY,
5o of the fompnatwe wher o vape
| presswe equalo [ afm (#60 forr)

1c;o (F\qw 13-13)

af the boling pant, the Agud and vopor exist in equilibum..
bOl h;’l T
Lqud r—

m vapa ‘ T

Sunce di#.umt h%mda have dufnent infamolecdon attractions , they. hawe dfnent
vapa prussures and deflinent boding poirth at the same applied pressune.
His possible fo separdty a muctwe of A'%uds info d comporends by WPlodﬁy
Thei d,L//-M&\t bot//h9 pourts. This Procass is called DISTILLATION.

The llgm'd wik the loweat bdl/lr'\g Pont is separcted out fr;wf (F{ql?)‘l‘f)

The Solid Stta - An Tntroduchion

Just as the mhmglec_ula/\ ﬁxcc.s in h%ukdo ( .1m~lh\,+md«ipo(n: dipole., htfdaogw-
bonding, Londow) must be broken for the. lgwd fo become a.cus, the
- ndemolecular frees existing in soids (more. laten) must be cvercome 1o
o sofld o _became o /icgmd., o

:Me‘lihjr;c’-)“PoW ( F'reezy/'rqpoimt) : The fmpmatune ai’ which, l«%wd and sl
exst Hogether ot equilibrium

=
the normal melbing point i fhe mablng pont ot | atm PressUL -
How do e break the infermebeculan forcan hekling solids and Auguids ogettur, €

At the mebting pount | solid %bc@@d dyname e%w.b‘brum



ANS. We odd heat !!!

(F\qu.re. 13-1S)
W
o ed_@% 7
© higuod stk liqui
B 1 )
~ OQSQQ' %):dboil S. IS aﬁ‘:&d
ap ’ &l bo\hfwﬁ vapat .’G—AS:
; .,__----_------__---_.-_---.T( LIQUID +GAS §
l\ao .
sold soid alftndloe—— = quoshaS

MP ¢ —x
(EP) SoLD + LlQuiD N QNG

Temperatwe, —>
w
z¢
~ 4—220;
I
-
32
g?"
C
L
<
Q

Heat Energy ( T or alotan) —>

Heat is absobed by sysn ao  sobid — liguid — qao.

Thep proceas of, Araakung tnkamokoudas fnew 1s ENDOTHERMIC.
Heat is released by sstom. a0 gao — Liguid - sobid

Thio proctas is EXOTHERMIC.

The amount of heat absnbed or released by o syslom. dwm‘q phase clw?w
Cam be accumadely Colculaded.

Jowle and calove are wnilo of heat. | colnie = 4184 T
Speaific heat of asubstamce in oo coxtoun phase (gas, Liguid, Solid )
is the amount of heat requumed fo rause The fempatue of 1 g
of te Substante by |°C. wik ro chamge n st ‘
Speedichent haw wnds of (T/q'fl). Heot = Sp.H. X mass x AT
Heai'of]@oimt The amount of heat ned fo melt lg of a Selud
of & melng pont . Unuits J (T/g) His odoo The amount
of heot released when 19 of o liguud fleeses at ik
feging pourd |
Amount of Heal = heatof fim x vnass



= I3-lo%
Ettro.

Diffeorce Beveen Spaufic teat (3ic) and_Heat of Fisin/legniotion(-T

hsgec.sl-«:ﬁ?n*o.i:_sa,md‘amt partiadon o oo confuum Substnce in o spofic, phese
- which, relaea how much hoot in. Jouleo & recorany Ho chamge the
fmpating of o cntain amount of the subance, (without chargury

:Ewwp(v If 15.0 g of ironf)eools fom 35.0C % 90%C, Thereby relionrg
173 3 of heat, what v Yhe specic at of irone) ?

, heat (3) 1¥3 T
A SP-QQ;.{«{C Rat ( %) = ynaxw(c}) x 4T(c) = 15,03 *(35.0-2.0)°C
| = OH444 37,?9&” o

Heat of Fugurn/ Vap%o:hm (q/?) K o anotant Fa/\hcﬂar o o codin,
substance Yhat w chamqurg phase. ot The temperaduse whne TR phase .
change ocauns - | S

Heot of @p}m\. solid == h'%m.d occuns at -@W /Im&\(w? pt
Heod of vapaixﬁaﬁm Q,t?w.d 2 Qoo occuw ot bou&)rg po'v&t

The constant velatny how mucka‘ I3 1eCR20 oy ﬁ #@.Wcj@wg&
to oo, o Mo phase change tmpratue o contun. mass 0f comprund.

Exa/m‘:le. A 33 T of Nm“ ang, mu&dﬁom 3009 of CHCIO0H(0)
R NFC, what o the haat of faoun of ethanel 7 The fasging
. pouk of efhomol u -IlF°C.

LTI heat(3) | _32%
He ot of Floion (?) T omaw (@)~ 3.00

C o wte coleuok
NefZ: Jompirotne or ‘[W\fwoduw_ churge Is ot wmoolued Yo ot of froinn,
or Ieot of Vapouagtion. because the pro o s Occuring of Yo
?Mm dm/vqe Yemprodung.

J N T
a -\oq/g
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Heot of vapotization. :  fhe amount of heat required 4o vapowse 1q of
o higud o 0. qao at 1o boirg point.  Unis : (T/g). Hisakbo the
omoumt of heot released when | g of Vopm conlenses to 1 g of
lt%uid ot fhe boilung point. Amount of heat = hoot of vap. X maws

Exwmp(a,: How many déuhs o enugy  must be a_bsor bed by 5003 of
H0 ot 50°C o convert it to 5009 of sam at 120°C 7

Gotn © Speofic heat Ha0) = A3 T/g°C
- Speaic heot H,0(gd + 403 T/q°C

Heot of vapmisptn H0: 226 %10 T/g

R.P H,0 : 100°¢C ,
1204 - oo
T 004----
50°¢ 10G°C. 100°C 120°C

Heat —

where (1) heod needid 1o roise T of SOOq H;0 o U BR o 100
@ heot needid fo charge all waden undo skam ot l00°C
(3 heat needed fo rouse T of skam fum 100°C +o/20°C.

Tobl Hot Absobed = O +@Q) @)

= [SeH Ho@ * mas 1O x ATT+ [ Hofuop. x maso Ho]
+[ Sp.H. of H0@) * mass HO x aT ]

EH% q—-Tc, x 500q x (too—so'c)] Ry ‘%:" 5003]

+ [ 203 ;,,C_ x 5004 = (120~ 100°C) |
= |04 kT + (130 kT + 20kT
= 1250 kI
= 1.25x10°F

Nele that e erngy requind fo break The underirelecubar, bomdo in.
h%u,id walen Is very Pigh due prumandy o hudiegen bordurg .
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Evampla:_How much heat (in &T) muot be removed when cooling 155
oo bonagra , CoHyy ot 1200 o solid bemagne of 548 7

- Gwen for benaene:  bp. at lam: 80.°C
. m.p. ot lodm: 548 °C

spacdic heat (1) 74 J/g%C
specific lf\mi(g): oA TjgeC
heot of fuoin.” : 133 T/q
heoio-/vapml:baﬁm-’ 395 J/q

|%0 k © -
T %04 @ - e
—— . @ - - - - S | o

(oc) i vG-AS/LIQU-\D -
5.5{
heat relogped —>
Plan: C6H6<9) T:?T’ C‘Hb(q) _QL?I Cl.“b@) E?o)t——) C@H(, ) %c? Cs“b@)
120.0°C 80.1°C, B0.1°C _ S48C S5.48+¢
Tobl heat wleased = @ 4@ @@

® Mﬁ-'-“~-~~~5‘?‘—*‘*@~" mow x AT = | ON %ac* 155'3 *(120.0- 80.1°0)=  HH3 KT

@mm: H’rVOP.,xYY\o.M = 3Q5 3’/9)‘ ISS'gr- o = pl.d RY
® bt = Sp ) * mawx T= [ e x 155g ¢ (01-548°C)= Q0.1 kS
@ heat - Btfuion x moss= 123 /g x 1554 - = 97 &3

& dotall feot veleasod = D +@ +® +@= I0FH kY
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Bompe: ' S009 of lkad ot 200°C owe phcad in 1009 of waltr
at A0°C in an msilakd Contouner, what will be the Jermprrature
when Yhe lead and wader are ot the Soume Yemperatwe 7

Gutn :  Speadic heat of Ho (&) * HI3 —;3—;5
Spealic haat of PbEY 0159 T

H0 @ — H0@)+Pb) <— Pb(s)
0% By 2ooC

1003 5003

heot gained by water = heat lost by Pb

J I
418 37C * 00g *(Tp-20)- 0.159 g * S0y * (00-T;)

I

48 T - 83L0 J 159003 795 T;

H9Z Tp = 2H2k0

Te= 482 °oC

When substoncen ot dffount Yompoodwns are miced, kot is hanofoned
flom. the Wormer substamce +o He Coolon substnce and The fimak
Yompuatune of e muxlune s tnleumedate between the oigunal
empratuy of the substncss,

Examga s If 5000 T of ot ore rumoved fm 5009 of H0 (1) at
62°C what will be iG firal Yempeactunt 7

5000 T = 418 g * 500g x (b2~ T
5000 T - 120,c00 I - 2090 T
Q090 Tz = 125000 T

Tz = 598°C
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vlr\ these calcwlatims  we have woed ﬁueﬁllow%mq ecau«.hﬁuum\&k«a‘liw

melds - : bous
solids T ligw I PR
“ g T e

Some solids Ciedine dwy e : CO, (s») CW'Q du\.ad'(;? o a. gas at atm. pressunl.

All thaae chowges of ove phace to amofhin ane dopendont on btk T+ P,

One weful woy of swmminzirg ald Thio dode. reganding phaae framsthions fin ary
pue substance is TAL PHASE DIAGRAM, wchques prasaine-tempecdue.
relatimshups 10 all phaves oi'etbw.wru;.w\.

Covsider the phase diagram fn Ha O € hot 4o scals)
G 2}

355~ =-p~-\-- F A: trple pount
F ' &
i :
Aessure | séLID i AB: vapa pressuie: cuwe,
GOYY:) 4.b F""i’ ....... ! AcC: VhﬁH’VV‘(i cunve
| . GAS AD: sublimadion. cunve .
R =i 1
10 o0l 30°
' .Témpmm (=)

A is colled the, TRIPLE POINT. At 46 torr amd 0.01°C , H0 exist
oie%ud,'mu'w\aoasﬂd} wd and gow - F?omﬁ\wpwv\fwedraw
flo s AB defines #o_&gff{c'{ meJaAy where  liquid 2 qao

AC defonso To P-T boundany where  solid = Lguwd
AD difiras He P-T boundasy whne soid 2 gas
M H O carmet exast ao a.b.%&ud lF P < 4.4 forr
(2) Pint E ot 355 fouL ond ~10°C shews H,0 4o be o solid
£ e T 1 as P cowtant, to pond F, He solid will walt o #e
wlerseckon of AC to o Dquid and wll shut o bod of Poot F



13 -1S

© ot poirt F - we have equlibridom  lgud 2 qan ot 355 tm §0°C
If the Yompuotue 1s hald eonotand and presswe is decnased,  H,0 vopauy
é/xis'fb Solnlx./ao a.goo. CPOQJ‘ G) . F ‘E"\PQA&M 18 decnaosed
fo 70°C (Pount H) He gas condenses Yo o ligund,
Stoatung at ot E, and decwasug te pressune o Pount T on
the sublimation Clrve  keepung The Jempuiatuar ot T= —10°C,
we hawe  solid =2 qas oi'e:vw.b.bn'm ot 214+ -10°C.
If Hre preasing is reduced ]@AM He solid sublimws +o a qao
( procass is catled flatae -dryung).

The Solid Stufe Reuisted:

Solids can be d.o:@y\&d as beng
(1) omorphous = ho well- deftined owystad struchume lad?.l.:ﬂq indeanad requlan}:t‘
examplno :+ rubben, some plastico glowe (aboo callad Supercooled hﬁ—w‘d)

(@ owstolline : compact aduad amangument of panticle.
+ X~ roy dupracton - discuased in fext ~ can deternune te.
Posu.‘ﬂ'm\s of odomns, tons, el in the stuchume.

All crystls ane Polyhedm hamq requlonly repeating amays of adoms,
molecudes or jons. .

The smollsot umit of volume of o crystal showwg all The characteristics
of th ladtice is called fhe UNIT CELL. The wnit cell fbo onfo ome
of seven cugstld sysfems (Table 13-9, p482)  There ane 1N possible.
owstal Lothicoy Cﬁqm 13-22, P4?33. A und el s the vtpeaﬁng
Wyt ino.wshl.

Lets duwcuas fhree sumple wndt cells:  (For [ntenst Only)

(1) cubic m! If ol odoms are the same, haw mamy adomo in
the undcells S * % =laim/um;\'cﬁﬂ
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(3) body cwdued 7Qu,b|'c

radiPva :
=
: Qafm/wid'@ﬂ

@ fnmcm-lw,d cubic,
odomo h unik celll:  comers ¥ 2 ¥ =

ﬁuo bx%=3
Haﬁm/mfcd/

side view —o—

A crystol _hao the same qtomehy oo The Lt cell.

lsow\orpkous dffront substances that crystallice in He same kind § !ooH-tc&
eq LeBr v Nall crysbllise in ﬁco. contead cudic laoHrs |

polymephouws « o sumla substnce  That owgstallises in meve than one fom.
eg. (aCD; : colate (densy = 2.310)
onogm e (density = 2.930)

Fe Internaot Only.‘

Exampele:  An unknown metold S‘faw{,es ha bod centred cubic lother with
“aunit cell edge longth of 3301 A (1A= Ixi0 m) Hs donsty is 2569 %ns

ot 0%, |dentify He mehl.
The unidt cull of o body condensd cuckic latfice, containe 2 adomo,/wnit call sy

Vohmeo-fwf el = (d?a .QM‘?JU\)S = (3.201 Xlo_guv)i = 3597 x 162

Da\.{‘t(=ai‘y\sa - #g= D x uvdume m emd -Imao.oo{wmicdl (Qdmw)
| £.569 %,3x 3597 x10%om3 .
M = 3.092 %10 229 /"2 aloms

lo}mwu%oi‘wa iS‘HXIO | o
1m€m of odpmo wu?ko LSYl x 1072 9/ ZOZ,’Z*IOB%GE = Q2. %l ;;%h
- 9281 ?/ AR tle molecudan Wﬂlaa“' Aan is the elemert



@2) ‘}pre& fbmdw? fourd in The lathice.

|13-1#

Solids | Pudicles i Propertis Examples
.| molecular | moleculss | Londom, sof4 CHy, Ar
or no\nhﬁm cl!pole-dipela ww@d“muéf PHs, NH
(at) | H- bm\d""'\q low W\Uqu point ,,,H&O
. {Covalord or | adoms | covolont bands | very hoad - C (digmend) _
_netwerk | . @SMV\CD cor Qav\thxdor - C (qrophdi)
-  mekng ?Mt | S0 (quontz)
lohe Cotions ¢ elcdws{bic. hcu\d bhﬂlt Nall
amions peor canductor Ca. Br,
high maling powt + ok sl
[ metallic | mefal iona in| medallic bonds: | soft —s hand Lo, K
o cloud of |(electucol attraction. qood conductors Co, Cu
electrons | betweon catim. | (e mnge of ard ofher malnls
ard elections) meltvng Points

Mﬁemw o IdM\‘f'Lﬁf Hypes of solida
T Jome Solids

(mehl + hehmefa.O

Solids (composed of some. C, S, Ge substancao)
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MMM@Ws , /Ldm bmim? pounts fo ﬁx&mds, we infrumation. afout The
 strength.of ottmctive forces between pankclis in Soedo the highw. the m.p.

e shoger the infuparticle f1025 . Sodids.

I., moloculon solido : Jow melting points  becauae The athactve ﬁluo between e
molecudes o weok: Lovdon , dupole-dapole. hydrogen borduirg.
L. Na N eg H,0 G mp.  O°C
oo NH; mp. =37

fores o \a 2

N Nes)y — mp -209'C

Ny 2

N, crystallizes In cubic sfuchue e

2. covolont. selids © veng high mebking pints snce. in order o matt e scbd
. it s nCary to break covalont bonds. S

T ¢ o Si0, ) wmp lblo*C
Covalent . C N .
 bond 2 \rsC domnd &) Mp. >3550°C

C ¢ SC ) mp. RHO0°C cube shuchuna

3 tonie soids - high. mebting poind: due o elichashtc faces o

. Ko = KF ¢s) mp B4k °C @ 00
clectosidi, N INr . K@ mp TR C § 00
S 5, e ce N K8y mp F30°C 2

R < Chy KT & mp b%°C N @@

TI‘\C hallide, 1ons 1hcrcase in ameter, d Ineanoses 2%
V\emﬁm, the elechostatic ﬁv&d&mwes FoC d2

H.. merdlic. solads : mdi:}\g pou\t s vaniablk
K wp bNee

K+ Kf

W‘i‘ﬁ“% QP2 Po) mp 327°C

O Solatds Al e bbOtC
<95
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E)(am\pln.~ szmﬁﬁf ﬂ\e ﬁ(lowmq owystallne, solids

_ cgmﬁ mp | . Elechinl Coduchivity Type
Solud solid lguid |
C (grophte) | hugh poor PV . covolent
Noll | high o | yes lonic
Noo Mk yes yes madad e
Oél low no no molecud o

Mehllic Boding and Bond Theory

i

Most W\o.i'on owgstolliae in close Packad losthices. .
i - we know That Hhe athactive. wduporticle fess one great
: |
(Why is Thio 2 Accarding o Henito we hase uoed , represertative metals and

4 d-ﬁams-l‘Hom metads do not have enough. velonta elichons +o Qccmd'ﬁ:l Thio.

A new fheory wap developed, Band Theory, which accownts o bondine and
, propertizo of medollic solids (Sectien!3-13). 1 expluna The dfrenceo
‘ between conductors (ratals) , sermi-comduckors and insadofors.

;Mdﬂﬂq,bqnd&;npﬁjﬁouqkt fo result fom The elichical athachons among

1 &\m.l*c_hmqed matad jons and mobile, delocalised electrons bdonqm;
i ‘o the. Qustal aw o whola.

i
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Ndi. Tf\ere'n some cavxﬁwa\r\. aoou” d_x.H-WMCOA betwen a
molecudan &b.d and o CG\'&M sold . Cnisder CO;L ond SLO;L

Bott Cad Sccuuz.I[A elomends but
CO, fms o melecdan sobid  mp. ~S6.6°C @ S5 2odm.
SO o covolont Sd  mp. 1610 °C
s F
\/\Bhy?

T 00, o lows dot shuchwe s 0%:C:s G or 0=C=G
it a navxf)do.r\. molecule
He only eruPaAhcﬂm foceo ot wak o Lwdmﬁcu
Lohich. oug vty weak and bty eoody Ezokom, honce oo m.p.
as o sdid | monho MEQTMCM%SO{‘MUWSW

,Qc&m, _ CDQ IQOa.“
— IC,OQ_—— CO:L""

T Si0, or (SO & sunea Si dees pot fem doubla bondo, The.

Lewrs shuctwe is
: :,O:
[ Notz Sudwmfcg:»- : 0
double bmdo ek, S
\u%mﬁﬂ& and we. have a. solid in which ol fhe afoms
"‘%;’” ?“"M“L’ are. c.wo.ﬁ.o/v\:l{ﬂ bavxskd toqdier in o refuork .
ﬁmm SRl
(mmf ;@% o o = each Siis the
MIW o-st-o-gi- @A
O O ° )
if we. cc\md' the oatoms O-S-0O
S ©
@) ‘3

cv«dmiw%w& S0,



