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(2A1%3]1 Define and ilfustrate the followings:
(alorhital angular momentom
{b) quantum
{cithe uncerlainty principie
(d) blackbody radiation
(e)two examples for wave and particle properties of a matier
(£) Born interpretation of the wave function
(2) E..,=(n":h“’f(3mﬁ} for a particle in one-dimension box ,why is n#0?
(h) zero-point energy
(1) degeneracy
(1) Frank-Condon ponciple

{15%)32.An organic dye molecule has the structure as

E R

\ ’

y N*:CH‘CH:CH-CH=CH~NR involving a series of conjugaied double
R K

bonds . This is similar to the quantum mechanical problem of a electron in 2 two nirogen

box where the potential energy is zero inside the box and rises to infinity at the two

mtrogen walls . The length of the box here is L , the distance between the two nitrogen

Atoms. | | |

(a) Derive the formula E=~(n'h™(8mL> for the energy levels of an electron in such 4 box
of length L (one-dimensional), starting from the Schrodinger sguation.

(b) Draw anenergy leve]l diagram showing the five lowest enecgy states with their
respective guantom numbers n, and sketch the associated wave functions,

{c)The six [I electrons accupy the lowest energy states (subject 1o the Panli Excusion
Principle ).Indicate on your energy level diagram where the electrons would be.

(d) Light absorption raises an electron from the highest filled energy level 1o the lowest |
unfilled level. Compute the energy difference between these levels, and the wave length
in nanometers of the absorbed light . For this you need to know L, which is 0.84nm.

(eYHow much will the wavelength increase for & dye containing one addilional vinylene
group, -CH=CH-, for which L is increased by about 0. 14nm. |

(5%)3. Sketch the proton NMR spectrum of CHCL-CH,CI:
{a)at low resolution , giving relative inlensities of peaks
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peaks,

(13%)4.The following lines were observed in the vibraton-rotational bands of the infrared
specirum { R and P branches) of HI, n decreasing order of 7 inem® ;22885 ,
22775 ,2266.1 22543, 2242.2 22167, 22036, 20900, 2176.0, 2161 7, 21475
21327, 21177 . Caleniate

(&} the rotational constarus in the lowest and first excited vibrationzl states:

(b} the momen:s of ineitia in the two stites

(c) the iniernuclear distances 1 the tva states:

(d) the ongin of the fundamental hapd:

(e} the force constant of the H-I bond:

(5%)5.By means of the concept of hybrid bond orbitals | pradict the structure of
CH; Dhscuss the probable miceowave and infrared specwa of this molecuie.

(109%:6.List the symrﬁcw elements and derive the poing group for each of the following
molecwzs: CCL, CHCl, CHLCL, CHCL CHLCL (i various conformations)

(10%;7 What kind of hybiidization will explain the following molecular geometnes:
{25 s meiahedral -

(b) Au{CN),™ sguare planar

(c)NCyirigonat planar

{d) CH, terragonal

(10%)8.compare the molecules OF , OF OF - discussing molecutar othitals bond crder,
oond lengths , bond energies , and paramagnetism

(10%19 Draw reasonable potential-enery curves for ground and excited states that on the

basis of the Franck-Condon principle will provide a reasonabie explaniztion of the

foilowing obsepvations

(2) A molecule hasa » '=0to v "= wansition as the most intense hand in its emission
specium .

(b} A molecule has & broad structureless absorption band but its emission spectrum is quite
sharp and has fine structure |
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Fundamental Constants”

Quentity Symbeal Sl value cgs or other value Uncartainty®
Avogadro constant NaLy €022045 = 107 mogl™ ) |
Boltrmann conatant & 1380662 » 102 J K- 1380662 = L0~ erg K 44
Speed of light in vacuum ¢ 299792458 = 108 m s~? 200799458 = 10™ cm a7t 1.2
Electron rasi mass My H.100634 x 10-™ kg § 106534 x 10 ¥ g 47
Froton rest mass My 18726485 = 10" kg 1.67T26485 = 10" g B&
Elementary charge ¢ 16021882 = 10" 1.5021892 = FO~™ emi 48

4 B03242 = 10" emu 14
Flanck constant k BE2ELTE = 10+ J s 6626176 x 107 arg » K1
Faradxy constant F 8648456 = 107 C mol™? 27
Permeahihty of vesuum Th dr x 107" Hm™
Fermittivity of vacuumn A HB54187818 x 10 F m~} Tl
Hydberg constant R. 1097373177 = 10" m™" 1097373177 % 10 e ! a3
Bohr radius a, 52917706 = 10" m 5291 TTOE = 10" om 4
Bohr magneton g 9274078 = 10~ J T 9274078 = 10~ erg (- 35
Muclear magneton frm 5050824 » 10T J T 5050824 = 10~ arg ' 20
Gravitational constant G 66720 x 107" m? p' kg=' 6£.6720 x 107 em! a7 g~ 41
Moiar volums of idea) V. 2241383 * P mimel? 2241383 x 107 em? mel™t il

gad at STP

Molar gas-constant R 831441 J mel=' K- BE.3144]1 < 10Tergmal~"K™ 26

B2 0568 cm* atm moi=' K~? 26

+ Adaptad fromn th leadt squares sdiiuslpd vakuss of B B Coben avd B M. Taybar, J Phya. Chem. Raf. Dotz 3, 863 (1973). Unit
abbreviations uaad are ab fllewe C = obolomh;, F = farad, G = gauw; H = banry J = jouls, K = kelvio; T = teala {100 G
nubke Lhat [or the Jam ebbey ] piog = JO1305 Pa (pascil = 3 m—7).

* The numbers in this eolame 1ist the one standand devieton Uncertadoties 16 the last digits of the indicated valus 15 tarma
of sccurncy in parts par miilion {ppm) the ok soruTate corstant isc, whith is ktewn to within 0.004 ppam ta, which is defioed
a3 1 up" thus hey &b eéxorcy of 0.008 ppm. K. iz known to within 0.07E ppm, and o, to wilhin 043 ppm The constents
nasocinted with roolar volumes [k, ¥, and B} are nown to sbout 31 ppmo. The ooceruaindiss of the remaining listed costaats

are in the range 3-5 ppm, exoapt for the pravitabiona] conmtant o whest unesriainty of 515 ppot i very much larger then all
the sthar feadementsl constants

Note: [t may ba of some interert to nota the valuss of some of thess constants as thay were known in 184 L Omitting the units
and sxponent Cwetory, and placing the 15941 wnosrtaintlen i parsnchessy, Do ware s = 29977845 0 = 6670 (B ¢ = 180203
(331; R. = 109737303 (17K & » G842 (24E k » 1ABG4T (30 m, = 91068 (32). It ia difieck to compart JEH1 and pressnt
valums for quantities invelving moles ssd woler tassel in view of the chemical and phywcal senles which existed wda by
mde in 1941, Some 1965 valyss araz ¢ = 160210 (21 & = G6RE6E (16); m, = S 10908 (135 W, = G.OZ252 (8% F = S.548T0 (6,
The vulues 4o changs aver dma.

Conversion Factors

1l = 4154000, . .
1leV = 18022 x 10~ J

1atm = }1325 = 100 N m™?
= 101325 » 10" Pa (pascal)

1 torr -th:n

50 1 Btu = 1054 J
1inch = 2.5400. . . em 1 hp = T48 W
1R = 3048 om 1 Ot (debye} = 3,338 » 10 m C
1 mils = 1B05 1 m I poise = 0.1 kg m™’ 3~
1A =10"em

gaL conatant B = A.3144 J mol=' K-
= #2.057 con® atm el ' K°
=» 19872 | mal= K-

1 liter = 10WM).O28 cro?
ldyn = 10-* N
lerg = Ldvnem = 1077 J

S] Prefixes

Multiple or Multiple ar

suhroultiple Prefix Symibal submultipla Prefix Suznkol
1p4 tara T . 16— milli ™
10" Elga G o micra Ty
10 mMega M 10— nAna n
1 Xile k 10-w pica P
14! deci* d 10-H femtay f
107 canti® - 10— atin a

* The cunti- and dec= profiegs ary vtaned for historicsl rapsona. The centimater is otif) commonly used
Tha wke of the “liter™ w wtill sirongly entrenched in acientific usage, wrd Uw profin deci- allows vas Lo eal]

the liter the cubic decimetar. The retantion of deci- and ¢omti- ia enadironistic in the huew 51 sysém, end
eir opt may diminisd orar tbe naxt savernl decades



g U #® E X & & & &

N CRERR AL L EMTM AT (67) 25'* i o
AR w00 = 4 mm 4 = owans [BEs) EE

Atomic Masases and Numbers

Atomic Atarmg Atnmic A L
Maurme Symbol  number masy Name Symbuol  aumber mass
Actinium Ac g 2270278 Malybdenum Mo 1Z 59504
Aluminium Al I3 2B 98154 Meqdymium Md 2] T4 24
Amenicitm am 95 (43 Mean ) n 20.17%9
Antimony Sb L] | 12175 Meptunitm Mp 53 237 n4B2
Argon Ar 18 a9 948 Mickel Mi 26 8. TG
ArBsaniic AR 3z T4.92185 MWiabium Mh 41 22 G065 &
Ancating Al 1) 21 Nitrogen N T 14 0087
Banum Ba 1) 147.33 MNube=liym M 102 1259
Berkelium Bk Eh 1247 Cmmium O3 T 1932
Berrllhium Be 4 20118 Oxygen a 8 153004
Bismuth Bi a3 20 Y804 Palladium Pd G 1% 4
Bargt B 5 1081 :  Phoaphorus F 15 . aTITH
Brmom:ne Br 35 TO, 504 t Platinum Py Ta 195.19
Cedmuiam el 43 11241 Blutoniumm Pa 9 (244}
Creeram Cn 55 132 M54 Palamivm Fo B4 (209}
Caicium Ca 20 40.08 Polayalum K 19 39 .0=a3
Califgrmeam L] 88 (251} FPraseodymium Fr L1 1a0. 2077
Carbon c ] 12.011 Promerhiuem P Al tol145)
Cerivm Ce 58 140.12 Pratactinium Fa 91 2310355
Chlorina Cl1 17 35453 Badium Ha B 50254
Chreamium Cr 4 51998 Radon Rn 13 (2ad
Cobalt Ca 27 585332 Rhenium He T4 185207
Copper Cu 29 63,545 Rhedium Bh 46 102 5065
Curium ] 9% (2473 HRubidiam En ar REAGTR
Drwaproaivgm Dy 66 162,50 Ruthenium Hu 44 10107
Binateinium Es 849 (2521 Samarium Sm 62 150.4
Erbivm Er &8 167.26 Scandium B 3 | 44 95549
Eurapilm Eu B3 151 36 Saleminm Ha LEl TR, 35
Frertnivm Fm 140 {2567 Hilieon Si 14 28,85
Fluormne F 9 18.998403 | Silver Ag 47 107.B64
Fraocium Fr BT (223 Sodium Na 11 22 9RGTT
Gadoliniam d B 15725 Strontinom &r 38 AT.BZ
Gallitm Ga at E3.72 Bulfur L] L& 208
Crerfatiuim Crm 3z T2.50 Tantalum Ta T2 180.34 79
Geld Au T4 106, GBS Tarhnetiam Te 432 (38
Hafnium Hf iz 17% 449 Telluriurm Te 52 127.60
Heliem He 2 4 .002E0 Terhinm Th 65 158 9254
Holmium Ho a7 L4, 9304 Thallium T al S, 37
Hydrugen H 1 1.00TY Theriuwm Th 50 292 0381
Indium In 40 114.82 Thulicm Tm 9 1689347
ledine I 54 126 9045 Tin 8n & 118.69
Iridium Ir T 152 22 ! Tianiom Ti 22 47 90
Iron Fe I5 55 BT Tungatan "Wolfram} W 74 IB3 &5
Koyptan Kr 35 83.803 (Unalhexiom) (Lah) 106 (2e31
Lanthanum [ 5T 138 3185 MSonilpentinm} (LTmpd 105 262l
TAWTESCI LM Lr 103 {264 I T Teuevi lepuanedd L (Unq) 104 (261)
Lead Ph B2 2012 Uraniwm u &2 238 029
Lithium Li k| B.541 ¥anadium ¥ 23 B0 B4 15
Lutativm Lu 71 174587 Xenon Xp L) 131 .30
Magnasium Mg 12 24,305 ¥iterbrum Th 0 1730
Mangarese Mn 26 54 9380 Yitrtum Y 319 ga )50
Muendelavium &dd 121 (258) Fine= n i 1] 6o A8
Mercury Hg &l 20 58 Zirconium Zr Al a1.22

Souece Adipted o Purr Appd. Cham, 51, 408 (15780, Viloes in parsnthasss wey for noonatumlly gocurming slamants and
wry Lhn mnae numbere of the Jongest lived ipotops of the alemmest.



