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-1 PRBER A S RSP T 4

1-2 BlESE. AT, AMEHB KR,

1-3 RIS R CEERE EFFXH?

1-4  {iE%3h, I&3Ei? EHXMEANGENRKGEE, X AREGISRES LY R
N FHRIEEEFELE .

1-5 MEHRETHTEWI T It4?

1-6 FEREN. KAERH. BEKFNBEMRREA?

1-7 BETH 5

(D) BEX5=EF; (2) RFENEDFHI;

(3) BRI KT (4) ARSI REAL,

1-8 HEP—HBEENMEK A 275 nm., 5 € %8 5 ASEM R, FFRBEZEH+
B EFHRAEHRER.

119 —RA589.3nm FKMBENEFEEAOTHEE RN 1.90X10°m - s*, HHE
589. 3 nmb KB E AT HE.,

1-10 THRZER (n=1.00 028) F—HEEHF A 460. 0 nm A . X0 E % E A5
EEREHP - HTRREAEVRE.

1-11 i/ 15CTF, —BH 4. 708X 10"Hz M BHEATREBBEAE (n=1.467)
FHIB .

1-12 #HHEA 589 nm FEKMBEHEZSPEMETHRE.

1-13 fE434 nm T, BFEAFBOTHER 1594, RiItE—-BHE%%E, §
— M HEFRRANRR.

1-14  REBEIMMITHER 1.7 000, RAEFEHBFE N R EHERE .

(&, 1.76X10%cm + s!)

1-15 WAL= E5HMAEE, HRFMREKRHEFEL L (K. 4%
1-16 XTI BRI FFFTHHE .

(1) 0.15 nm X HEMEE (cm™); (%, (1) 6.66X%107

(2) 670.7 nm HLHIHE (Hz); (2) 4.47X%10"

(3) 3300 e AP (nm); (3) 3030

(4) Na 588.995 nm N HEER (eV). 4) 2.11 )
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1-17 HETIESMFE (U Hz LD AEE (U em ™ HEAD,
(1) KR 0.9 nm FEE X HH4;

(2) 589.0 nm 4 D £ ;

(3) 12.6 pm WYLLHMIR g 5

(4) WK 200 cm BRI EET .

1-18 BT HETFREZEIRE AT AR 4% BFH0E 7 f T H0H t P & F R0
£ BETA R E ?
1-19 HHEIAFEFAESRKIIE - MESH, XL RMEK.
CEMHE Y= 3 225.9 cm, A=121.5 664 nm).,
1-20 AR TFAESEES 3p SHMAKHEALH 2eV, HHEE 3 000K BHLF 3p 8%

SHARTFEESETFRZ .

1-21 EHRTHEMKREFFNEREE V)

() EFHERTEKE; . (1) 1.2X10°~1.2X10°

(2) JRFINE B FERE; (2) 6.2~1.7

(3) 4rFHyEFERIE; (3) 6.2~1.7

4) B FRIIBRKT; (4) 0.5~0. 02

(5) FHBBERERLE . (5) 2X107%~4X10"7)
1 0

1-22  HBDGIER S MAERENE X,

1-23 REETASEH Mg 285. 2 nm GHES) WERT. (%. 3'S,>3'P)

1-24 I 3°D, 3°PL, 4S3PEHEMREMHLE N

1-25 #ER 2S5, 2P, 2D, 2F f1 3S. 3P. 3D, 3F#y J {i.

1-26 WERESHFEFAHEES K (4p)' K WD 'R K GO NI, @ H 3R
AEZRIE, 15 BERER 2 Wl fE & L BRIF .

127 REERESFFEFHMESERT W) Up)'. U UD'F (4s)' 4N WKk
W, XA RER A, R TR SRR,

128 Li [RFHEETA 25, S48 Li [RFRETI 3p /5. Y Li M 3p ML XM EEE
RERIT AT RE = A R A (RE ML) 7

129 EWSRBEFFH, HYERTHAHERN, SilRE-2@HE LG LW

1-30 ETHeEsE TR TFHHRAMEXE TERELZ A

A. n, 1, ml; B.n. 1; C.n,

131 E2UET. BERFETHERFETFPARTH] MR ERESHR, HR B,
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1-32 DHIEB/REZZMERZEEK (am) K. 656.279, 486.133, 434.047, 410.174 i

HHEEERERWE.

1-33 RHEHMDMIHSIKRE. ATitE S H LK A 656. 279 (nm) #7iELAH
Xt RS D YRR B

1-34 TREMKIREE, Bft4a?

A. 31S,93'P,; C. 3'S,3'Dy;

B. 3°P,—3°D,; D. 438,94°P,; (%, 3'S,93'D,)

1-35 —A—BRFHRERERATHHEER 1.512 HEHBH , E7 ik 528 nm $R§E
i, HE AR R .

1-36 iR 678 nm M —FKWHTEES —THEEASH, KBEkETZBesn =, =.
YRR AT I B A .

1-37 EHPEHBHEEN LB R BEES 4R

1-38 FA—REEXHH—RaH LN EESPIEKAE KR 550~600 nm #i% it
X2 Att4ae

# %

1-39 BEEHFHEA-NFI=ZAEERE, EANAEIGEERETEINBELSKALT
1. BREMITHER 1.57. THEZEFANREHBRENAE.

1-40 HHREHPIKAE N 45°, MBAK 90°, EX 1-39 BHIHHE.

1-41 BHN—FHHEN 1. 14 WA RITRIINHER 2. 8 B —FA KR, MEAHA
X 38.2°, iHEHIFTHA.

£ 5 X Am

1-42 —BREEEMHAMESENDNEEER 2 125 £F/mm, LEEFHOAS AN
52.5°, WBIETE 10. "M MAE LTt eik k.

1-43 TR —NEAS K 45. 0°BF, F 15. 0°4bREXT 355 nm B —RABH 7= 4 @ 8L
AT BIAT 6% . A HE M LB R N A B 2R R e,

1-44 ERNT 5 R GG BT S4B 2R

L HMHE (R/mm) sk (am) R4t 6
A 500 26. 4

B 1180 8.1

C 1184 300

D 4 000 400 13.7

E 1180 17. 2

F 1180 600
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1-45 RS EF LS HHETF 573.5 nm & 569. 8 nm 59 B A SRR (L 38 1y 4 3
K, FNBYERTEFESBWEER 2.1 mm, HEZNEHERERAERBEHE.

1-46 —ff R &R AT ST e e sk s 88, PO BT 25. 6 pm K 27. 3 pum BT
W, TEMUESEET LA EMEIEN 1.35 mm, RHE USSR AR,

1-47 —HBARZEA 35 00 nm M4 HE, MR 623.5 nm LWED|—giges,
i A BSR4 HE RS S RE B A T — Mgk B £ /0

1-48  —eMeefaqy, HEKLEAHER 1.6 nm/mm, 43 HEH 0. 6 nm, Rit B e
.

1-49  [E™ W-100 B S4B 3% (SOE MY B8 B % 60 mm, HEMH %Y 600 & /mm, i+ &
SR —ROCE IR P, MK AR, EXRHOWE, MEENERKNE L

1-50  FE—EWHRE, SHATERE R 60 mm, HEWHE Y 600 & /mm, HE—EK
R ER S BRI 309. 990 nm, 309. 997 nm BXT 4T, it b AR —F Ot i

# XA

1-51 Calculate the period of electromagnetic radiation with A=4. 0X 10° cm.
1-52  What is the frequency of green light with a wavelength of 500 nm?
1-53 Find the energy of the photons which corresponds to light of frequency 3.0 10"

1-54 Find the frequency of light which corresponds to photons of energy 5. 0X107"].

1-55 From the equation E=#Av and Av=¢, formulate an equation which relates energy
to wavelength.

1-56 What is the energy of photons with a wavelength equal to 0. 05 nm?

1-57 Show that v is proportional to energy.

1-58 What is the wavenumber for light with a wavelength of 400nm?

1-59 What is the energy of photons which have a wavenumber of 2. 5X 10 %cm !¢

1-60 In what region of the electromagnetic radiation will the following wavelengths be

located?
A. 10 pm B. 0.8 pm (micrometer) (Igm = 10™°m)
C. 100 nm D. 10 nm

1-61 In what region of the electromagnetic radiation will the following wavenumbers
be located?

A. 983 cm™! B. 3.0X10*cm™!

C. 5.0cm™! D. 8.7X10*cm™!

1-62  Arrange the following regions of light in order of increasing energy.

A. x-ray B. visible
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C. ultraviolet D. infrared

1-63 Convert each of the following quantities used to describe eleactromagnetic waves
to wavelength (in vacuum) in meters.

A. 500 nm (in vacuum) B. 1 000K

C. 500 nm in a medium with n=1. 4 D. 10%Hz

1-64 Complete the following table.

Frequency Transition energy Spectral
Joules Electron Volts region
8/ 0.5
9/3x10"
10/ 1.6Xx107"

1-65 What happens to the light waves missing from the spectrum given by an atom or
molecule?

1-66 Each different type of atom and molecule interacts with light in its own character-
istic way. What effect will this have on the absorption spectrum of different type of atoms
and molecules?

1-67 An atom interacts with light by absorbing amount of energy equivalent to a given
wavelength of light. If an atom has a spectral line at 400 nm, what energy has this atom ab-
sorbed?

1-68 An atom is known to absorb energy of 3. 0X107"J. At what wavelength (in nm)
would there be a spectral line in the spectrum of this atom?

1-69 An atom is known to absorb energy equal to 5.0X107!°J. At what wavenumber
would there be an absorption line in the spectrum of this atom?

1-70 Below is an energy diagram which represents the four lowest energy levels of an

E,
E

E,

atom:

E,
Figure 1-1

If an atom is in its lowest energy state, which level represents the energy of the atom?

1-71 What happens to the energy of the atom as it is excited from E, to E, and to E,,
etc.

1-72  What must happen before the atom can be excited from E, to E,?

1-73 Write an expression for the amount of energy necessary to excite the atom from
the first to the second energy level.
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1-74 The energy necessary to excite the atom from one energy level to another is called
a quantum of energy (a distinct amount) . Why wouldn’t intermediate values of energy be
absorbed?

1-75 A transition from one energy level to another is indicated by use of an arrow.
Draw on the diagram of figure 1-1 arrows to represent the three transitions that this an could
undergo starting from its lowest level.

1-76 Electromagnetic radiation can interact with atoms and molecules to supply the
quanta of energy necessary to cause transitions to higher energy levels. Account for the miss-
ing wavelengths of light present in the absorb spectrum of an atom or a molecule.

1-77 Give an expression which relates the energy of absorption to the wavelength of
light absorbed in the process.

1-78 What factor determines the wavelength of light absorbed in a spectrum?

1-79 What explanation would account for the fact that the absorption spectrum for
each kind of atom and molecule is unique?

1-80 Consider the transitions represented in 32. Which transition would give rise to
absorption of light of longest wavelength?

1-81 For the diagram shown in 32, which transition would cause absorption of light
with the largest wavenumber?

1-82 In the diagram of figure 1-1, assume that the difference in energy between the E,
and E, levels is 6. 0X107'*]. What is the wavelength of light in nm needed to accomplish this
transition?

1-83 Kinetic energy is given by the equation

1 .

Ek=—m

2

where m is the mass of the moving body and is its velocity. As the velocity of a molecule
increases, what happens to its transitional energy?

1-84 As temperature increases, what happens to the average velocity of atoms and
molecules?

1-85 What happens to the kinetic energy as temperature increases?

1-86 The relationship between average translational kinetic energy. E;, for an atom or
molecule and the temperature on the absolute scale. T is given by the equation

Ev=24T
where k is a constant equal to 1.38 X 1072 ]/k (where k is the symbol used for the
Kelvin units of temperature) . At what temperature will the atoms energy level?
1-87 Calculate the average translational kinetic energy of an atom or molecule at 25 C
(298K) .
1-88 Translational energy levels are so close together that they are considered to be
continuous. Draw a diagram to represent translational energy levels for an atom or a

molecule.
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1-89 As the temperature increase, thermal energy is absobed by J=4 rotational levels
of "H* CI. to excite the atoms or molecules into higher translational energy levels. How much
energy is regarded to excite an atom or a molecule from a given translational energy level to
the next higher level?

1-90 As temperature increases, what should happen to the speed of rotation of a
molecule?

1-91 As the molecule rotates faster, what happens to its rotational kinetic energy?

1-92 The rotational energy of a molecule is quantified. Using the energy model account
for the increase in rotational kinetic energy when a molecule is heated.

1-93 How else might a molecule be excited to higher rotational energy levels?

1-94 The energy difference in rotational energy levels corresponds to light in the mi-
crowave region or electromagnetic radiation a molecule absorbs light with wavelength equal
to 1. 0 nm.

What is the difference in energy among the rotational energy levels which gives rise to
this absorption?

1-95 Will there be any rotational energy at absolute zero?

1-96 Below is a typical rotational energy level diagram for a molecule. What does the
arrow indicate? (Describe in term of what happens to the molecule. )

E;
E,
Er T
E,

Figure 1-2

1-97 The first three rotational levels of the CO molecule have energies of 0, 7.6 X
10"*], and 22.9X107%] molecule. What is the wavelength of light necessary to excite the
CO molecule from the E, to E, rotational level?

1-98 Figure 1-3 shows a portion of an atomic energy level diagram with the term sym-
bol for each of the states represented shown at the right and the energy (in electron volts) of
the shown at the left

(a) State the values of L, S, and J for each of the states.

(b) State the selection rules governing AL, AS, and J and show how they apply to tran-

sitions for the energy levels represented.

(¢) Which of the allowed transitions will give rise to the lowest energy radiation?

Calculate the wavelength ( in centimeters) of the emitted radiation.

5.12 —— 2F,,
5.10 ——— 2F;,,

3. 55 —m ™ —— 2D3/2
3. 40 ————2D,,,
Figure 1-3

1-99 What are the values of L and J for a state with the term symbol *P?
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1-100 How many lines are predicted by the selection rules for a *D;.;.,— *P,.,., transi-

tion? Justify your answer by reference to the selection rules.

1-101 A portion of a term diagram for indium is shown in figure 1-4. Refer to this dia-

gram as required to answer the following questions.

(a) List all the allowed transitions for the states shown.

(b) Pick the line or group of lines that is likely to have greatest emission intensity by
flame atomic emission and justify your choice by reference to the expression describ-
ing the intensity of atomic (thermal) emission.

(¢) If an external continuum source is used to observe the absorption of In atoms in
flame, list the lines that will be seen in absorption.

(d) Write an expression describing the ratio of the absorption, (e, of the longest wave-
length absorption line to the absorption, a, of the next shorter wavelength absorp-
tion line.

(e) If atoms in a flame are irradiated only with radiation of energy corresponding to the

transition 5 ZP%% ZS_;_. at what wavelengths, if any would your expect to see atomic

fluorescence?
28172 2P3s5.12 2Dy 2.7
38.972 -
n=6 ——F22. 092
24. 373 n=6
Cm_l 2'21_3 n =5
.................................. L e

Figure 1-4 Partial term diagram for In

1-102 Figure 1-5 is a partial term diagram for Hg. Use the information provided on
this diagram to answer the following questions.

's, 'p s, P

1

10

-3
[=2}

i)
<
[T S -

Ob— - L L

Figure 1-5 Partial term diagram for Hg
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(a) Assuming that the selection rules are strictly obeyed, list the allowed transitions.

(b) Assuming that the selection rule governing AS is not operative, list any additional

allowed transitions to the ground state.

(c¢) If an external continuum source is used observe the absorption of Hg atoms in a
room-temperature vapor, list the transitions that will be seen if all the selection rules are
obeyed.

1-103 If the °P,,, , states of Hg are thermally populated, calculate the ratio of the pop-
ulations of *P, and *P, levels in a flame of 2 700K. The splitting is 6 398 cm™! and £#=0. 697
em ™!/ K.



BoE FRFRBCEER:

E XA

2-1 FEFRESSOEEE PR ERTTE, o TR R AR, B TET
WY R ERE .

A. R.Bunren (&X#%); B. W.H. Wollarten ({HBEHHT ) ;

C. A.Walsh (48/R%); D. G.Kirchhoff (& K).

22 RFREOEERERZETIOCERS AN T B0 L, B ERAMES
B, MARPHBUTEEY B iR WC, 48 S PR T AR e B S8 B AR SR 8 & ch AR 5T

ENEE,

A JRFs B. BMASET; C. BT;
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