[1] Draw Lewis diagrams and predict the geometries of the following molecules. State which are polar
and which are nonpolar. (b x2& = &10d)
a) ONCI

The NOCI molecule is bent and polar; the O:NCI molecule is (nearly) trigonal about the
N and polar; the XeFz molecule is linear and non—polar; the SCly molecule has a seesaw
geometry and is polar; the CHF3 molecule is (nearly) tetrahedral and polar.

[2] PF., PF.", PR, , PF,7 Ol THEE CtS E20I &5tet. (5 10%)
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& &2 ZFPF2ZE 2t Y= SISES ot 28 FXe gAIAGH (formal charge)E FoHAI2.

a) PF, @F PF, . QHLIGHH PF, , PF,', PF,, PF, = 202t 4, 3,5, 4 o MIAS SAKAXIL 2D
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(a) CIF;2 Jtsst X REXES 1eld 1O & Jtd 88 2= oL 242X dHotet. (6548)
(b) 2 22X H-O-H 2t== 104.5° OICt. OH Z& 2| dipole momentIt 1.52D ctH ZEXt2| dipole
moment= CHet 02 FFE = A=It? (538)
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4] = & (Boiling point)2 HF>HI>HBr>HCIC =M2 SE UL (5 10&)

[

(@) Wl 22X & 1 stZ 9 0l2Z 4 (ionic character)dt 2 212H LLatet (2&)
(b) X2t 24k (London force)0l 2 242 H LIZatet. (2&)

(c) 2X2t dipole-dipolell A45X=0| 2 A2H LiZaslet (2&)

(d) (@)-(c)a Z2U=22H, Ul 22X =& =Ml ol £Hatet. (4%8)

g (a) HF>HCI>HBr>HI
(b) HI>HBr>HCI>HF
(c) HFE>HCI>HBr>HI

)

(d) HFDJF DI 2= 0l =2 0|18 =428 R0l UMK 2LE= London& 0|
dipole—dipole &S & EZE0 O 2 S F)| =Y



[5] During General Chemistry class, you are fast asleep and dream of the possibility of life as we
know it on a planet light years away. A plain and crude phase diagram of a clear abundant substance
(molecular compound) belonging to this planet is provided below. Label the following chart as
completely as possible and point to a feature(s) that indicates this imaginary substance may be real,

and earthly. (£10&)
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[6] ChS2 Al il 2712 #ES S0 JIME0 25 40l 22 D
HSt=0t? &, BI85 HZE FE (M 22) o Rll= fAIGtet. (

02 / N2 / Ar
2.5 atm 5/) 1.0 atm 5/) 3.0 atm
2.0 Liter 1.0 Liter 4.0 Liter

gV =7.0 Liter
n=(P{Vi{+P,Vo+P3V3)/RT = ny + ny + N3
P = (RT/V) * (P1V1+P,Vo+P3V3)/RT = (5+1+12)/7 = 2.6 atm - 8 &



P(O.) = (RT/V)*(P{V)/RT = 5/7 =0.71 atm
P(N2) = (RT/V)*(P,Vo)/RT = 1/7 = 0.14 atm
P(Ar) = (RT/V)*(P3V3)/RT = 12/7 = 1.71 atm

[7] Elemental chlorine was first produced by Carl Wilhelm Scheele in 1774 using the reaction of
pyrolusite (MnO,) with sulfuric acid and sodium chloride:

4 NaCl (I) + 2H,SO04(1) + MnO,(s) — 2Na,S04 () + MnCl,(s) + 2H,0(1) + Clx(g)

Calculate the minimum mass of MnO, required to generate 5.32 L of gaseous chlorine, measured at a

pressure of 0.953 atm and a temperature of 33 °C. (E10&)

4.30 Using the ideal gas law for chlorine gives its number of moles as

o BV (0.953 atm) (5.32 L)
RT ~ (0.08206 L atm mol-'K') (306.15 K)

= 0.2018 mol

This is also the chemical amount of MnO, reacting, because one mole of MnO, generates

one mole of Cl. The mass is then found by multiplying by th
Yy the molar mass of
86.937 g mol™!, to give 17.5 g MnO,. s of MnO,,

[8] The air over an unknown liquid is saturated with the vapor of that liquid at 25 °C and a total
pressure of 0.980 atm. Suppose that a sample of 6.00 L of the saturated air is collected and the vapor
of the unknown ligquid is removed from that sample by cooling and condensation. The pure air
remaining occupies a volume of 3.75 L at =50 °C and 1.00 atm. Calculate the vapor pressure of the

unknown liquid at 25 °C. (£10&)

5.62 The chemical amount of air that was present in the 6.00 L portion of air mixed with the vapors
of the unknown can be computed because its physical state after purification is fully described

s (1.000 atm)(3.75 L) B0 el
;' = RT ~ (0.08206 L atm mol~1K-1)(223.15 K)

Now, compute the pressure that this chemical amount of air exerted as part of the 6.00 L

mixture
o Naindbd
air — V
_1 r_l r
P = (0.2048 mol)(0.08206 lf; ggnimol K—1)(298.15 K) < BB e

But the total pressure above the unknown was 0.980 atm. By Dalton’s law

Punknown = 0.980 — 0.835 = 0.145 atm



0l 100 °C ¢

[9] =48t M A Bo R=AH2 £200] 50 °C 0l12 0] 22 Xg = 0.50M 2Z=E
azeotrope2 EASHLID oA (AMZE 0|HE A&S ZMEHA L=0}). (E 15%)
(a) A2 B &8 ol 2= H(Ty)= B2 mole fraction (Xg) Ol CHoll plototel. Vaporll =41t
liguid< 0l sHEdt= =20l © 2ol Xl O EAIGHAI2. (5H)
=)
Vapor2| =4
100
T, (°C)
50 liquidel XA 50
0
0 0.5
Xg
(b) O] EEZ2H0| 0la EHOZEH deviationsS E0l= 0lss 2201017 (5&)
&) A2 B AFOISl 2120] A2 A AFOIS] Q122 BeF B AFOISl QB 261D IHE.

(c) AJI 0.75 mol, F0.25 mol H0{U= SEE2HES 28 SFoIH 2= F IHXQ g8Hoz 225

=04, 0] & SIJIXl S & 20 0|12H& ==s 2&0| € mol@JI? 02l O &2 A 2JF B @J?

(5&)

&) AMEEUAML Xg = 0.25 0ICH M2tAl, 22 S5 S Xg =02 (5 Xa=190) =
S22 Xg = 0.5QAzeotrope 22 2e|= Lt Azeotropell ng/(na+ng) = 0.50] = 0.25

mol 0|22 azeotrope® na = 0.25 mol OICt. A2l HS =Z£&== 0.75 mol 0|22 i#é
0.25 mol = 0.50 mol OICt. O] =8t =2&=2 A O|Ct.

= 0.75 mol -



[10] 300 KOIAl =238t "iHE(benzene, CgHg)2 ZII22 0.1355 atmoO|

N
Ay
1
on

St &l dl(n—hexane,

CsHi)2 ZI122 0.2128 atmOICH BIF (222 = 78.11 gmol) It 34 (222 = 86.18 gmol )
2t2t2 50.09 A AN SIS EZE2HZS DHEAD, 0| BAO| O|MHQl HES BHCHD IHHGIK
(B10&)

Jlgte Patet (53)

(a) 300 KOIA JtXl= Xl &
(b) 300 KOIAl EH EEHS 0IF

g (a) X, =0.525, X, = 0.475
thus, P =Py, + P, = 0.525 x 0.1355 + 0.475 x 0.2128 = 0.172 atm
(b) Xp in the vapor = P,/P = (0.525 x 0.1355)/0.172 = 0.413

[11] OcH 2HI0l EBIAI2. (BE15%)
(a) 298 K, 1 JI0l U= 2.00 mol 2 of22 JIM LAELI (constant volume)ll A 20| ML S

| Xt

EZE 250t 338 KIb TIUACH Ot222 SR JIHO0I0 OlADIRO JI2CID JHEE O, Mge ge
% jouleOI0 AEES 20HRIDF? (5&) (R=8.315J - K - mol™)
S ST OlADIH2 H cy = (8/2)R=12.47 JK ' mol ™.

UHLI022 gy = ncyAT = 2.00mol x (12.47 J K mol™") x (338 K - 298 K) = 998 J.

LSt AE=q, + W =g, =998 J.
(b) 2ref == 22 22| Z0| AL (constant pressure)HlA HLEAJCIH 2B 25 T A= <&
0LRIDL? (5)
S ST OlADIH2 HL cp = (5/2)R=20.79 J K mol™".

UX Q20|22 gp = ncpAT = 2.00mol x (20.79 J K™ mol™) x AT =998 J.

= AT =24K, MetA T;=298K + 24 K =322 K.

£33 AE= ncyAT= 2.00mol x (12.47 J K™ mol™) x24 K =599 J.
(c) 2 (b)UIA JIHO JteHE L2 A0FRIDH? (55)

S AE=qp +w OICH = 599J= 998 J+w.w=-399J. 235} 40122 JIHIt 399 J9 LS

2/ 0l

0

A}CE.

[12] 27.0°C, 10.0 JI12F ALEHSl OIADIM 2.0020] Ct22t 20| 1.00 JILo2 WES [ 229 AR
Of CHoltA Ol JIHel work(w)@ heat(q)¥ WS HIUHXl HIHE)ES PBIAIL. (
Q) (B20&)

(a) S Jt8 BEE M. (isothermal reversible expansion) (5&)

(b) ©Z It WEE M. (adiabatic reversible expansion) (5&)

(c) QS 23 1.00 J120 Hsed 2RI HE (BIOHSE SZ irreversible adiabatic) & (.
(10%)



[12] 27.0°C, 10.0 713} AEle] o274 2.00E°] b2 o] 1.00 7oz s uf
ztzrel Zg-el disiA o] 71A] work(w)et heat(@)® wF U= WSHE)E 38HA L
(A} B2 FF3HA L)

@ s 7t BHL 7.

(ii) &4 719 g3sk o,
(i) &5 <= 1.00 7I4el AL gA7] 33 M7y, 349) & o,

4

(i) W=—nRT1n%‘é’r=—nRT1n%L
1 2
=—2x8.314x300x In10()) = — 11.5(k])
AE=(Q (2537} glomw)
g=AE—w=+11.5k
. nRT; _ 2x0.082x300
V,= = =4.92L
(i1) 1 P 10.0 =4.92
p vg =P, V3 o183l V, 575
)Y £ Vy=1.0x(3)) Ed
=19.5L
PyVy _ 1.00x19.5 _
To=""R = 2.00x0.082 — 119K
q=0
AE=CV(TZ—T1)=2><%R><(119—300)

=—4510/=—4.514]
w=AE—q=AE=—4.51k

(iii) q=0
SE=w==P (V= V)R A T ol ok i
AE_Cv(TZ 1)— P (Vz )

ﬁR(T2—300)——1 00%( ”RTZ ”RTl)

] x(T2—300)=— T,+30
o Ty=192K

AE= w=2x3/2x8.314(192 — 300)
—— 26907

——2.69k]



[13] Bomb calorimeter2 25.0°C 1.00 JI2te BIE JIA 1.00 x 1072 molE 0, It BFSAIHA
OlAFSH EFACQH S22 2™ oA AIZCH Ol =Xt F2k2 895 JouleOIRULE. IS 2801 EotAlL.

(510%)
(a) Ol &4 BES Al MAIR. (2 E)
(b) Ol BFSOIl THS W2 UK B3t (AEws)E TOHAI2 (kJ/molHPIZ). (3 )
(c) O E+S0l Chet A= Bk (AHwg)S oHAIR (kJ/mol ©912). (5 &)
g
(i) CHa(g) + 202(g) ——=> CO2(q) + 2H20(1)

S AE0ISE,

(i) Bomb calorimeter 2 =X &t
AE = 895 Jx 1000 mol™" = 895 kJ mol™
(iii) AH = AE + (Angas)RT
= AE + (-2 mol)x 8.314 J mol™' K™'x 298 K
= 890 kJ/mol

O
810
o
»
o
o
d
in
]
»y
o
>
E
Qj
>
HO
]
0

Il
)

X

[14] TtS Atgt

=

(a) Raoult 2 H=0IA &l6tH positive deviation 8 dl= 22 maximun—boiling azeotrope & &

0x
o

ot

(b) detdoz UM A-B & JtKl EE=22 0IRHE HI0lA X H=20, A Jt B ol H
X

d) =2 2E0AMEeE &2
(e) H3PO,= E0OH hosphorous acidOlet? &tCh
Si=y

(1) X (minimum-boiling 0l £CH (2) X (Henry's law £ WMECH) (3) O (4) O (5) X (phosphoric
acid Jt £C})



[1] CIS SH20 CHAH ©5tet (2 58 %2 =10%)
A@@) +B(g) « 3C(g)+D(9) K=10"
HEHO| 0|20{Z S0 SC2 XS AHUA AARS SUZE AR W2 =2
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(o) BHO Gek2 OIFICEH 20 #H&= mass action equation2 CrS 0t 2001 BISHAIZICH
3 3

PC I:)D Q — PC I:)D

P.Ps oP,P;
SO0t 380 &l 232 1/32 =11 Le Chatelier’s principle®il 2o 80| SOtot= &8 = YS9
B0l SO
1) “BiGtNl S Bs UL “J e ket 3= FEHL
2)“dE QI8 Y, dbtS 28 Xl « ZerS” dgXel

H, +1;, —2HI
&J] BtE20Il THot Gt 22 mechanismOl K RUCH
ky
lL,L— 21
«—
K.
ko
H, +21 —» 2HI
Steady-state approximationOll 2loHAl BtEEEE +6t) E Xt EHECIX =5tk
()
I= intermediate0| 0 1 44 £592 A2 &= 20
ki [12] =k [I1° + ke [Ho] [IT
[ = kil ]
k—1+k2[H2]
rate = k,[H, JIf = LE1GA (3 (6X)

k + kz[Hz]

(i). ki <<ky [H] = #2421 s5EIF L step22 ST 2™
rate =k, [I, ]



LOI CHBH AL 1R BFS  (2&)
(i) k, << ki = step 22

P
N O

Ho2b I, 2210l CHoll A 1XF BtES XA L Z 2 BtS2 2 =L (28)

J
H
U

[3] Consider a reaction: A - “Products”, rate = -d[A]/dt

(a) The following is the concentration of A as a function of time which has been

Measured experimentally.

Time (min) [Al, M
0 1.00
10 0.500
20 0.333
30 0.250
40 0.200
50 0.167

What is the order of the reaction? (53)

(b) What is the numerical rate constant of this reaction (unit: M/min)? (5 %)

[3] (Answer)

(a)This is the second order reaction as we can see by the following plot of 1/[A] versus time.



1/[A]

0 10 20 30 40 50 60

time (min)

(b)What is the rate constant?
From the slope, or from the half-life which is 1/{k[A]}
k=0.10 M™min™
1) AA7)E:-12d[A)/dt = KARLE ZH (-13)
2) AR A ALS (23)
3) &AT (-23)
5 A& BT §Y wow (47)

5) EZ 8T (-27)
[4] How many electrons can have the following quantum numbers in a given atom: (2} 15 x5=5%)
a) n=3,1=2,m =0
b) n=51=3
c) n=2,1=2,m =0, mg=+1/2
d n=31=1mg=+1/2

e) n=3,1=3mg=+1/2

Problem 2 (Answer)

b) 14

d 3
e) 0



[5] A silver cathode is used in a photoelectric cell. 350 nm light strikes the cathode surface causing an electrical
current. What voltage is required to cause the current to drop to zero (stopping potential) given that Ag(s) = Ag'(s) +
e is 3.000 eV? (107%)

16V =1602 < 10", h =6.626 ¥ 10* Js, c = 3 X10° ms™

Problem 3: (Answer)

e=qV=hv-0

V=(hv-)/q

V = [(6.626 x 103 Js - 3 x 10° ms™/ 350 x 10°° m) — (3.0000 eV - 1.602 x 10 J/eV)] / 1.602 x 10™° J/eV

\oltage = 0.545 V

[6] Y=ol gdubso] HE = 25°Cell A 6.78 x 10° o]t}
N2(g) + 3 Hz(9) ——= 2NH;(9)

ke

2

I9t2lo] 1.00 71kolar, AAl A9l H:N B]&o] 3:18 wl 25°Coll A Na(g), 3 Ha(g) 2 NHs(g)2] HI=
& AlLtske: (104)

@ AAILHo] 1.00 71Ol =E, P(N,) + P(H,) + P(NH5) = 1.00.

AA A9l H:N9 H]&o] 3:1 o]2F P(H,)=3P(N,) (2%)

(NH; ZHAI= °] H1 2 FASER YmA|RE a2 FH g)

P(N,) =m &3 H2% P(H;) =3m, P(NH;) =1.00-4m (23)

HP N4} 6.78 x 105 °]ELZ 6.78 x 10° = (1.00 — 4m)%/[(m)(3m)*] = (1.00 — 4m)%(27(m)*)  (33)
7S g Fata FEE FH 34, 4.278 x 10° = (1.00 - 4m)/( mP)

°l ojxpA S EW Ul F N7 Y= 0.0148 F -0.0158.

o] F &53E gyt glerE §& 0.01480|t}. wakA

P(N3) = 0.0148 atm, P(H,) = 0.0445 atm, P(NH;) = 0.941 atm ©]t}. (3%)



[7] obefiol HshAl 2. (F 10%)

() YA 1s HE AAte] o R HE| Hit AYE regt & W, v o] 259 1s QM At
o o mREY Hy AYE re= Yeh 22 FAFEH Z SAdE YA L. (6F)

Li%*, C**, 0™,

) AR Ao zRE 9 FFAE zo AT wEbA r(LiF) = ro/3, r(C™) = ro/6, r(Q™) = ro/8 ©] L

4 ARE 2 2AY s 07, C, L ol (24 BelW 2244 98)

(b) FagAel T o dAe) doznes] F7 AUE 4 ANH L SAY Ydals.
(53)
1s, 2s, 2p, 3s, 3p, 3d.

D) HHAHE ? o HlEEAT 2e n 4 goE | o] F4F F} (5439014 FZ).
weEtA ZFe ARE 2 £A4E 1s,2p, 25, 3d, 3p, 3s otk (4] EFW ZEAS QL)

[8] 298K 10.0 7] ¢+2] o] 714 1 2 1.00 7|74l 5271 A (isothermal reversible expansion) A] 7 oj
wa AN L. Z1A =R S 2= 72 1719 298K o] Ut

71444 R=8.314Jmol’K™. (7 5%x 3= & 157%)

(1) 7149 dw), H(@) =2 HF-oldA HESHAE)

w = -nRT In(V2/V1) = nRT In (P2/P1) = -8.314 X298 In10=-5.7 kJ

AE=0

q=AE-w=b5.7KkJ

() 71419 IEZ T W}
AS=nRIn(Vy/V;) =nRIn(P,/P;) =19.14K™*
EE AS=q/T=19.14K!
() T NE=T W3}

ASzg=-q/T =-19.14K!

(1) oF 23 B3gk g2 AW (B 21)3/5
(2) AF= 2W 3/5 Ak @A »2H 23
3) SHEAAY 2 1



[9]. =& Srdo] 40.66 ki/mololth. =& ¢+Eo] 2,00 7|t 2 mAHE 3]
Eo] B HS AAsAl L. 7]1A1%4 R=8.314 I mol'K™. (10 )

rlr
2
JE
oY
-3
ot
=2
8K
e
=)

In(2.00/1.00) =-(40660/8.314) [L/T-1/373]

T=393 K (EE 1217)

1:;}-3;]. Al ul-or& 104 3]

van't hoff 215t 9z & Ed 54

153 & A A2 A9t Jled 34

2%

=9

ofrl

e
1<)

[10]. th& A8 5 &2 32 (0) ¢ 22 (X) 3hA1. (ZF 28X 5= 510 7))

(@) 298K, 10 7I¢te] o] Z7IAIE 1 7Istel & wWi7kA] F27Fe BAAAZIE VA F9e] AERI =
=7 (X)

(b) ==7F 298K ©]ar, Fele] 10 7|4l o] d7]Al 1 &8 227 298K o]al FEo] 1 7|k HFAdH =
WStAIZITE o] w M7 AHoR  WEAZ|EA TFHoR WSIAZIEA Adagle]  71A9
AE=ZIWMst= H2 (0)

() FoIx el A= AlY] Ao dERIE= AT = A dgu= Adgs AT + glrh (0)
(d) 2L A}2] 3sorbital A AFe] Zh2-5 %2 3porbital A Aol HIS|A o AT} (X)

(e) 2s orbital = radial node 7} A%+ 1s orbital & §1t}. (O)

[11]. *Cr2 transition metal2] 3l 2 d-orbitalS 2tar itk o} &30 w@ale) (3+3+4= F107)
(4) Cre] electron configuration (1 AFul X)) & 2~ A] 2., (3%)
(5) Cre] dApjA & 22t (37)
(6) 3d-orthial®] Zral ¢li= node(23) = F-ololw 2 ZIQ17H270? (47%)

o (1) 15%25%2p°3s%3p°3d°4s™ or [Ar]3d>4s”
(2) 1s°25%2p°35%3p°3d° or [Ar]3d°
(3) angular node, 271

[12] The power output of a laser is measured by its wattage, the number of joules of energy it radiates per second (1W =
1Js™). A 10-W laser produces a beam of green light with a wavelength of 520 nm (5.2 X 107 m). ¢354 15-20 (10
)

(a) Calculate the energy carried by each photon. (53)

(b) calculate the number of photons emitted by the laser per second. (57)



15.20 (a) The energy carried by a photon is the product of Planck’s constant and its frequency
E=hv. In thiscase E =38 x 10-19 ]

(b) The power of the laser is 10 W, which is 10 J s~!. Hence:

10 J 1 photon
ls 3.82 x 10197

) = 2.6 x 1019 _Photon

5

[13] Carbon dioxide reacts with ammonia to give ammonium carbamate, a solid. The reverse reaction also occurs: 13-
52(107%)

CO,(g) + 2NH3(g) == NH4OCONH; (s)

The forward reaction is first order in CO,(g) and second order in NH5(g). lts rate constant is 0.238 atm?s™ at 0.0°C
(expressed in terms of partial pressures rather than concentrations). The reaction in the reverse direction is zero order,
and its rate constant, at the same temperature, is 1.60 > 10" atm s™. Experimental studies show that, at all stages in the
progress of this reaction, the net rate is equal to the forward rate minus the reverse rate. Compute the equilibrium
constant of this reaction at 0.0°C. (10%)

13.52 The forward rate of the reaction and the reverse rate of the reaction are
rater = ke Poo, Piy, and rate, = k,
The net rate is the forward rate minus the reverse rate. At equilibrium the net rate is zero.
Hence
kff’coﬁPde_‘ =ik

and

ke 1

ke Peo, Py,

But the expression on the right i quilibri constant, so K =
ght is the equilibrium t so K = k S ituti i
R e I i n nt, K t/kc. Substitution of the

[14] A sample of ammonium carbamate placed in a glass vessel at 25°C undergoes the reaction
NH,OCONH, () == 2NH3(g) + CO,(g) 9-40(107%)

The total pressure of gases in equilibrium with the solid is found to be 0.115 atm. (Z-10%)

(a) Calculate the partial pressures of NHz and CO,. (5%)

(b) Calculate the equilibrium constant at 25°C. (55)

9.40 (a) Both gases come only from the volatilization of the ammonium ca.rbamafue; hence thel'r
. partial pressures are related: Pnu, = 2Pco.- Also, the sum of the two partial pressures 1s

T y i i s are easily solved to
known: Pu, + Pco, = 0.115 atm. These two equations in two unknowns asily

ive '
" Pnu, = 0.0767 atm and Pco, = 0.0383 atm
(b) Inserting the two partial pressures in the equilibrium expression gives the value of the
equilibrium constant:

Py, Peo, = (0.0767)2(0.0383) = 225 x 107 = K



[15] One mole of a monatomic ideal gas begins in a state with P = 1.00 atm and T = 300 K. It is expanded reversibly
and adiabatically until the volume has doubled; then it is expanded irreversibly and isothermally into a vacuum until the
volume has doubled again; then it is heated reversibly at constant volume to 400 K. Finally, it is compressed reversibly
and isothermally until a final state with P = 1.00 atm and T = 400 K is reached. Calculate A Sy for this process. (Hint:

There are two ways to solve this problem-an easy way and a hard way.) 8-44(10%))

8.44 The easy way to solve this is to remember that S is a function of state, so the easiest way to
calculate AS is to consider a different path between the same two states: a constant pressure
heating.

s T 5 400
AS = nepln ?; = (1.00 mol) x %{8.3145 J K 'mol™!) In % =598 J K™!
hie same answer is found, with much more work, by adding AS for the four steps given.

[16] T #Z ¢S AFAL. (& 23X 5= F 103])

FHades Ble 44 T ( ) = 4Fete Aot a5xde WS A AxpE HEEIL o
18k dzte] A FEolluAE SAHst] 559 ( ) & 54T F Utk FHEaRE A
qgsiel Aol e FI der dxel LEAUAS SA A4 o ARl ( )& =
A 5 2

Bohre] F2:0l2el e Axte] 5ol Pt sojQrks AgelN Fushel fhe PEAAE
4

2
kATt o]# 3 71HS mvr = nh/(2n) 2l ¥ASE 4= At} De Broglies Ak 15

lr

% }H%lxigi

o -1
dE& A7ete] Bohre] A= circledl Al HA7F 7HAl= 33 N 2 59 ( ) BAXES THA oF
AEEA Bes g8k, ( )&= FEAIE = DeBroglie v-gll thdk 215 AA 83

) YA, work function, binding energy (or At Hd2Ee] o A] F=9]), nA = 2nr, A = h/(mv) or h/p
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Z= YRS

i ol LE_, n ﬂ. =

A e o]%s};% :; et

= 2] kA H T
h=6.62 e 27 o] =3 -
626 x 103 o
e 6022 ]-]oz(gsecond ionization energ
y; ki/mol¢] o+
dH ) E
= 7o
. (10%)

o}
) He" > He™
™ + e ol A

o]l -3 9/]
S]Lﬁrﬂ =W on = rl?ﬂ% e

econd IP = 26 . .

= (6.626 x
104 Js)
(3.29x 10§
x 10" s) x 4 x (6.022x 107
.022x 107 /mol)
x 10° kJ/
(74)

=524
ol s e 12 kJ/mol. (3%)



