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A PERIODIC TABLE AND A TABLE OF OONSTANfS HAVE BEEN PROVIDED WIlli 
lliIS EXAMINATION PAPER. 
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SECTION A 


1) Vanadium has two naturally occurring isotopes, 50y with an atomic mass of49.9472 

amu and 51 Y with an atomic mass of50.9440. The atomic weight ofvanadium is 
50.9415. The percent abundances of the vanadium isotopes are % 50y and 

%51y.---­
A) 0.25, 99.75 
B) 99.75, 0.25 
C) 49, 51 
D) 1.0,99 
E) 99, 1.0 

2) An unknown element is found to have three naturally occurring isotopes with atomic 
masses of35.9675 (0.337%), 37.9627 (0.063%), and 39.9624 (9,9.600%). Which of the 
following is the unknown element? 
A)Ar 
B)K 
C)CI 
D)Ca 
E) None of the above could be the unknown element. 

3) In the periodic table, the elements are arranged in ____' 
A) alphabetical order 
B) order of increasing atomic number 
C) order of increasing metallic properties 
D) order of increasing neutron content 
E) reverse alphabetical order 

4) Elements exhibit similar physical and chemical properties. 
A) with similar chemical symbols 
B) with similar atomic masses 
C) in the same period of the periodic table 
D) on opposite sides of the periodic table 
E) in the same group ofthe periodic table 

5) Which pair ofelements would you expect to exhibit the greatest similarity in their 
physical and chemical properties? 
A)H,Li 
B) Cs,Ba 
C) Ca, Sr 
D) Ga, Ge 
E)C,O 
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12) 	 What is the maximum mass in grams ofNH3 that can be produced by the reaction of 1.0 
g ofN2 with 3.0 g ofH2 via the equation below? 

N2 (g) 	+ H2 (g) -+ NH3 (g) (not balanced) 

A) 2.0 

B) 1.2 

C) 0.61 

0) 17 

E) 4.0 


13) What is the maximum amount in grams ofS03 that can be produced by the reaction of 

1.0 g of S with 1.0 g of 02 via the equation below? 

S (s) + 02 (g) -+ S03 (g) (not balanced) 

A) 0.27 

B) 1.7 

C) 2.5 

0) 3.8
\ .~ 
E) 2.0 

14) 	 Solid aluminum and gaseous oxygen react in a combination reaction to produce 
aluminum oxide: 

The maximum amount of Al203 that can be produced from 2.5 g of Al and 2.5 g of 02 is 

----g. 
A) 9.4 

B) 7.4 

C)4.7 

0)5.3 

E) 5.0 
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15) 	 Sulfur and fluorine react in a combination reaction to produce sulfur hexafluoride: 

S (s) + 3 F3 (g) ~ SF6 (g) 


The maximum amount ofSF6 that can be produced from the reaction of3.5 g of sulfur 


with 4.5 g of fluorine is g. 

A) 12 

B) 3.2 

C) 5.8 

D)16 

E) 8.0 


16) 	 Solid aluminum and gaseous oxygen react in a combination reaction to produce 
aluminum oxide: 

4Al (s) + 3 02 (g) ~ 2 Al203 (s) 

In a particular experiment, the reaction of2.5 g of Al with 2.5 g of 02 produced 3.5 g of 
A1203. The % yield of the reaction is ____ 

A) 74 
B) 37 

C)47 

D)66 

E) 26 


17) 	 Sulfur and oxygen react in a combination reaction to produce sulfur trioxide, an 
environmental pollutant: 

2S (s) + 302 (g) ~ 2S03 (g) 


In a particular experiment, the reaction of 1.0 g S with 1.0 g 02 produced 0.80 g of S03. 

The % yield in this experiment is ____ 

A) 30 

B)29 

C)21 

D) 88 

E) 48 
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18) Sulfur and fluorine react in a combination reaction to produce sulfur hexafluoride: 

S (s) + 3F2 (g) ~ SF6 (g) 

In a particular experiment, the percent yield is 79.0%. This means that in this 
experiment, a 7.90-g sample of fluorine yields g of SF6. 

A) 30.3 
B) 10.1 
C) 7.99 
D) 24.0 
E) 0.110 

19) 	 Which one of the following is a correct expression for molarity? 
A) mol solutelL solvent 
B) mol solute/mL solvent 
C) mmol solute/mL solution 
D) mol solutelkg solvent 
E) Jlmol solutelL solution 

20) 	 Which one of the following is not true concerning 2.00 L of 0.1 00 M solution of 
Ca3(P04>2? 

A) This solution contains 0.200 mol of Ca3(P04>2. 

B) This solution contains 0.800 mol of oxygen atoms. 

C) 1.00 L of this solution is required to furnish 0.300 mol of Ca2+ ions. 

D) There are 6.02 x 1022 phosphorus atoms in 500.0 mL of this solution. 

E) This solution contains 6.67 x 10-2 mol of Ca2+. 

21) 	 A 0.200 M K2S04 solution is produced by ____' 

A) dilution of 250.0 mL of 1.00 M K2S04 to 1.00 L 

B) dissolving 43.6 g of K2S04 in water and diluting to a total volume of 250.0 mL 

C) diluting 20.0 mL of 5.00 M K2S04 solution to 500.0 mL 

D) dissolving 20.2 g ofK2S04 in water and diluting to 250.0 mL, then di1uting 25.0 mL 

of this solution to a total volume of 500.0 mL 
E) dilution of 1.00 mL of250 M K2S03 to 1.00 L 

22) 	 Which solution has the same number of moles of NaOH as 50.00 mL of O. 100M solution 
of NaOH? 
A) 20.00 mL of0.200M solution ofNaOH 
B) 25.00 mL of0.175M solution ofNaOH 
C) 30.00 mL of 0.145M solution ofNaOH 
D) 50.00 mL of0.125M solution ofNaOH 
E) 100.00 mL of 0.0500M solution ofNaOH 
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23) 	 Which solution has the same number of moles ofKCI as 75.00 mL of0.250Msolution of 
KCI? 
A) 20.0 mL ofO.200Msolution ofKCI 
B) 25.0 mL of 0.1 75Msolution ofKCI 
C) 129 mL ofO.145M solution ofKCI 
D) 50.0 mL of0.125Msolution ofKCI 
E) 100 mL of 0.0500M solution of KCI 

24) 	 What are the respective concentrations (M) of Fe3+ and I- afforded by dissolving 0.200 
mol FeI3 in water and diluting to 725 mL? 

A) 0.276 and 0.828 
B) 0.828 and 0.276 
C) 0.276 and 0.276 
D) 0.145 and 0.435 
E) 0.145 and 0.0483 	 ,. 

25) 	 What are the respective concentrations (M) of Mg+2 and C2H302- afforded by 
dissolving 0.600 mol Mg(C2H302)2 in water and diluting to 135 mL? 
A) 0.444 and 0.889 
B) 0.0444 and 0.0889 
C) 0 ..889 and 0.444 
D) 0.444 and 0.444 
E) 4.44 and 8.89 

26) 	 What are the respective concentrations (M) of Cu+2 and CI- afforded by dissolving 0.200 
mol CuCl2 in water and diluting to 345 mL? 
A) 0.200 and 0.200 
B) 0.580 and 1.16 
C) 0.200 and 0.400 
D) 1.16 and 2.32 
E) 0.580 and 0.290 

27) 	 A tenfold dilution ofa sample solution can be obtained by taking ____ 
A) 1 part sample and 9 parts solvent 
B) 1 part sample and 10 parts solvent 
C) 9 parts sample and 1 part solvent 
D) 10 parts sample and 1 part solvent 
E) 99 parts sample and 1 part solvent 
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28) 	 Mixing 10.00 mL ofan aqueous solution with 10.00 mL of water represents a 

A) crystallization 

B) neutralization 

C) twofold dilution 

D) tenfold dilution 

E) titration 


29) 	 You are given two-clear solutions of the same unknown monoprotic acid, but with 
different concentrations. Which statement is true? 
A) There is no chemical method designed to tell the two solutions apart. 
B) It would take more base solution (per milliliter ofthe unknown solution) to neutralize 
the more concentrated so lution. 
C) A smaller volume of the less concentrated solution contains the same number ofmoles 
of the acid compared to the more concentrated solution. 
D) If the same volume of each sample was taken, then more base solution would be 
required to neutralize the one with lower concentration. 
E) The product ofconcentration and volume of the less concentrated solution equals the 
product ofconcentration and volume of the more concentrated solution. 

30) 	 A 0.100 M solution of____ will contain the highest concentration of potassium 
ions. 
A) potassium phosphate 
B) potassium hydrogen carbonate 
C) potassium hypochlorite 
D) potassium iodide 
E) potassium oxide 

31) 	 The ground-state electron configuration of the element is [Kr]5s14d5. 
A)Nb 
B)Mo 
C)Cr 
D)Mn 
E)Tc 

32) 	 The ground-state electron configuration of is [Ar]4s13d5. 
A)V 
B)Mn 
C) Fe 
D)Cr 
E)K 
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33) Which one of the following configurations depicts an excited oxygen atom? 

A) Is22s22p2 

B) Is22s22p23s2 

C) Is22s22pl 

D) Is22s22p4 

E) [He ]2s22p4 

34) Which one of the following configurations depicts an excited carbon atom? 

A) Is22s22p13s1 

B) Is22s22p3 

C) Is22s22pl 

D) Is22s23s1 

E) Is22s22p2 

35) How many different principal quantum numbers can be found in the ground state electron 
configuration of nickel? 
A)2 
B)3 
C)4 

\'': D) 5 
E)6 

36) The valence shell ofthe element X contains 2 electrons in a 5s subshell. Below that 
shell, element X has a partially filled 4d subshell. What type of element is X? 
A) main group element 
B) chalcogen . 
C) halogen 
D) transition metal 
E) alkali metal 

37) Atomic radius generally increases as we move ____. 
A) down a group and from right to left across a period 
B) up a group and from left to right across a period 
C) down a group and from left to right across a period 
D) up a group and from right to left across a period 
E) down a group; the period position has no effect 

38) Atomic radius generally decreases as we move ____ 
A) down a group and from right to left across a period 
B) up a group and from left to right across a period 
C) down a group and from left to right across a period 
D) up a group and from right to left across a period 
E) down a group; the period position has no effect 
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39) 	 Of the following, which gives the correct order for atomic radius for Mg, Na, P, Si and 
Ar? 
A) Mg > Na > P > Si > Ar 
B) Ar > Si > P > Na> Mg 
C) Si > P > Ar > Na > Mg 
D) Na > Mg > Si > P > Ar 
E) Ar > P > Si > Mg > Na 

40) 	 Of the following, which gives the correct order for atomic radius for Ca, K, As, Ge and 
Kr? 

A) Ca > K > As > Ge > Kr 

B) Kr > Ge > As > K > Ca 

C) Ge > As > Kr > K > Ca 

D) K > Ca > Ge > As > Kr 

E) Kr > As > Ge > Ca > K 


41) 	 Which one of the following atoms has the largest radius? 
A)O 
B)F 
C)S 
D) Cl 
E)Ne 

42) 	 Of the compounds below, ____has the smallest ionic separation. 
A)KF 
B)K2S 

C) RbCl 

D) SrBr2 


E)RbF 


43) 	 ____ is isoelectronic with argon and ____ is isoelectronic with neon. 

A) Cl-, F­

B) Cl-, Cl+ 

C) F+, F­

D) Ne-, Kr+ 

E) Ne-, Ar+ 

44) 	 Which ofthe following is an isoelectronic series? 

A) B5-, Si4-, As3-, Te2­

B) F-, ct, Br-, r-

C) S, Cl, Ar, K 


D) Si2-, p2-, S2-, C12­

E) 0 2-, F-,Ne,Na+ 
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45) 	 Which isoelectronic series is correctly arranged in order of increasing radius? 

A)K+ 	< Ca2+ < Ar < cr 
B) CI-	 < Ar < K+ < Ca2+ 

C)Ca2+ < Ar < K+ < cr 
D) Ca2+ < K+ < Ar < cr 
E) Ca2+ < K+ < CI- < Ar 

46) 	 Of the choices below, which gives the order for first ionization energies? 
A) CI 	 > S > Al > Ar > Si 
B) Ar 	> CI > S > Si > Al 
C) Al 	> Si > S > CI > Ar 
D) CI 	 > S > Al > Si > Ar 
E) S > Si > CI > Al > Ar 

47) 	 Atomic radius generally increases as we move '" 
A) down a group and from right to left across a period 
B) up a group and from left to right across a period 
C) down a group and from left to right across a period 
D) up a group and from right to left across a period 
E) down a group; the period position has no effect 

48) 	 Atomic radius generally decreases as we move ____ 
A) down a group and from right to left across a period 
B) up a group and from left to right across a period 
C) down a group and from left to right across a period 
D) up a group and from right to left across a period 
E) down a group; the period position has no effect 

49) 	 Of the following, which gives the correct order for atomic radius for Mg, Na, P, Si and 
Ar? 
A) Mg > Na > P > Si > Ar 
B) Ar > Si > P > Na> Mg 
C) Si > P > Ar > Na > Mg 
D) Na > Mg > Si > P > Ar 
E) Ar > P > Si > Mg > Na 

50) 	 Of the following, which gives the correct order for atomic radius for Ca, K, As, Ge and 
Kr? 
A) Ca > K > As > Ge > Kr 
B) Kr > Ge > As > K> Ca 
C) Ge > As > Kr > K > Ca 
D) K > Ca > Ge > As > Kr 
E) Kr > As > Ge > Ca > K 
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SECTION B 


Question One 


a} 	 Determine the volume, in milliliters, of 3.0 M H2S04 that is needed to make 450 mL 
of 0.10 M H2S04• 

[4] 

b} In a titration experiment, 45.7 mL of 0.500 M H2S04 is required to neutralize 
20.0 mL of NaOH solution. Determine the concentration of the NaOH solution. 

[6] 

c} 	 The quantity of cr in a municipal water supply is determined by titrating the sample 
with Ag+. The precipitation reaction taking place during the titration is 

Ag+{aq) + Cnaq) -----+111 AgCI{s) 

'':: 	 The end point in this type of titration is marked by a change in color of a special type of 
indicator. (i) How many grams of chloride ion are in a sample of the water if 20.2 mL of 
0.100 M Ag+ is needed to react with all the chloride in the sample? (ii) If the sample 
has a mass of 10.0 g, what percent cr does it contain? 

[7] 

d) Complete and balance the following equation for oxidation-reduction reaction that 
occurs in basic solution: 

[8] 

Question Two 

a) 	 Write the electron configuration for phosphorus, element 15. How many unpaired 
electrons does a phosphorus atom possess? 

[5] 

b) 	 Which family of elements is characterized by an ns2np2 electron configuration in the 
outermost occupied shell? Give symbols for four of the elements in the family. 

[4] 
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c) Based on its position in the periodic table, write the condensed electron 
configuration for bismuth, whose symbol is Bi. How many unpaired electrons does a 
bismuth atom have? 

[4] 

d) 	 Use the periodic table to write the condensed electron configuration for (i) Co 
ii) Te 

[4] 

e) 	 Write the electron configuration for (i) Ca2 
+, (ii) C03

+, and (iii) 82-. 
[8] 

Question Three 

a) 	 Which of the following atoms and ions is largest: 82-, 8 , 02;? [2] 

b) 	 Arrange the ions K+, cr, Ca2+, and 8 2- in order of decreasing size. [3] 

c) 	 Which has the lowest first ionization energy, B, AI, C, or 8i? Which has the highest? 
[2] 

d) 	Write the balanced chemical equation for the reaction of solid tetraphosphorus 
hexoxide, P 406, with water. [2] 

e) 	 Which substance do you expect to have the greatest lattice energy, MgF2, CaF2 , or 
Z~~ 	 ~ 

f) 	 Describe the electron-domain geometry and molecular geometry of XeF2. 
[5] 

g) 	 The cyanate ion, NCO-, has three possible Lewis structures. (i) Draw these three 
structures and assign formal charges in each. (ii) Which Lewis structure is 
dominant? 

[8] 
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UNIVERSITY OF SWAZILAND 


C111 - SUPP EXAMINATION ANSWER SHEET : JULY 2015 

Course Title: Introductory Chemistry Stud. 

ANSWER SHEET FOR SECTION A OF EXAM ID No. 

INSTRUCTION: Place an X over the "box" corresponding to the correct answer 

Q. No. Q. No. 

1 A B C 0 E 26 A B C 0 E 

2A B C 0 E 27 A B ;. 0 E 

3A B C 0 E 28 A B C 0 E 

4 A B C 0 E 29 A B C 0 E 

5 A B C 0 E 30 A B C 0 E 

6 A B C 0 E 31 A B C 0 E 

7 A B C 0 E 32 A B C 0 E 

8 A B C 0 E 33 A B C 0 E 

9 A B C 0 E 34 A B C 0 E 

10 A B C 0 E 35 A B C 0 E 

~ ..,: 11 A B C 0 E 36 A B C 0 E 

12 A B C 0 E 37 A B C 0 E 

13 A B C 0 E 38 A B C 0 E 

14 A B C 0 E 39 A B C 0 E 

15 A B C 0 E 40 A B C 0 E 

16 A B C 0 E 41 A B C 0 E 

17 A B C 0 E 42 A B C 0 E 

18 A B C 0 E 43 A B C 0 E 

19 A B C 0 E 44 A B C 0 E 

20 fA B C 0 E 45 A B C 0 E 

21 A B C 0 E 46 A B C 0 E 

22 A B C 0 E 41 A B C 0 E 

23 A B C 0 E 48 A B C 0 E 

24 A B C 0 E 49 A B C 0 E 

25 A B C 0 E 50 A B C 0 E 
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8A 
IA 

"Ji.'.'ii".....:.B,·.:,~,' :1 

Atomic number 

13

2 ti4'f ,L~f~;:~r··~wl Atomic mass 3A

2A .._~..,....~..~",;:l"::..n- ... : 

3 4 
Li Be 

liIhium 8<ryllium 
6.941 9.012 

lJ 12 
Na Mg 

Sodium ~ 3 
22.99 24.31 3B 

19 20 21 
K Ca Sc 

I\JIwitm CaWu SaadiwI 
9.10 40.08 44.96 
----

37 38 39 
Rb Sr Y 

Rubidimn SlrooIiwD YlIriIom 
85.47 87.62 88.91 . 
----

55 56 57 
Cs Da La 

Cosium BIIiIII WdJaIm 
32,9 137.3 138.9 

87 88 89 
Fr Ra Ac 

I'mIciuru RJdium k1iIIiIIu 
(223) (226) (221) 

4 
4B 

22 
Ti 

'll1IIi1lll 
47,88 

40 
Zr 

Zitooi... 
91.22 

72 
Hf 

IlaI'8iwiI 
178.5 

104 
Rf 

RIIdrrlmlium 
(257) 

5 
5B 

23 
V 

v"""",,, 
50.94 

41 
Nb 

Hiobillll 
92.91 

73 
Ta 

Taatahim 
180.9 

105 
Db 

NleiIIIIl 
(260) 

6 
6B 7B r--8B~ 

24 
Cr 

o....m 
52.00 

42 
Mo 
~ 

95.94 

74 
W 

'I\JipIaI 
183.9 

106 
Sg 
~ 
(263) 

7 

25 
Mn 

t.t......, 
54.94 

43 
Tc 

TcdII<IitIm 
(98) 

75 
Re 

Rhmm 
186.2 

107 
Dh 
IldIU 
(262) 

8 9 10 

26 
Fe 
IruI 

55.85 

44 
Ru 

Itadmm 
101.1 

76 
Os 

nmu.m 
190.2 

!O8 
Hs 

IWsNm 
(265) 

27 
Co 
COOaII 
58.93 

45 
Rh 

RIiodum 
102.9 

77 
Ir 

lridiIIm 
192.2 

109 
Mt 

MeilaMn 
(266) 

28 
Ni 
Ni<ItI 
58.69 

46 
Pd 

I\1IIalium 
106.4 

78 
Pt 

l'IIIiaum 
195.1 

110 
Ds 

IDWIiwa 
(269) 

I J 
IB 

29 
Cu 
c~ 
63,55 

47 
Ag
su." 

107,9 

79 
Au 
Gold 

191.0 

III 
Rg 

Roeatpium 
(272) 

2B 
12 

30 
Zn 
ZiDc 

65.39 

48 
Cd 

CaImium 
112.4 

80 
Hg 

Iotcn:uJ 
200.6 

112 

~13 
AI 
~ 

26.98 

31 
Ga 
00... 
69.72 

49 
In 

IDIiIlJll 
114.8 

81 
TI 

1WIiwn 
204.4 

(113) 

14 

32 
Ge 

GnoAium 
72.59 

50 
Sn 
Til 

118.7 

82 
Pb 
l.ad 

201.2 

114 

15 

51 
Sb 

AtIimoay 
121.8 

83 
Bi 

IIiImIO 
209.0 

(lIS) 

84 
Po 

I'WoaiIoII 
(210) 

116 

Metals 

Metalloids 

Nonmetals 

67
66
65
64
63
62
61
60
59
58 

HoDyTbGdEuSmPmNdPrCe 

WmiamTabium~ ~SamariumI'Iometbilllll fiuroPaml'I1IeodyMlli H<odjmiumcm.m 164,1)162.5158,9157.3152.0(147) 150.4144.2140.9140.1 

99
.98
96 
 rn95 

Cm 


94
92 
 93
91
90 
 EsCfBkAm 
0Kium 

PuNpUPaTh I>nsIIiBiumClIlfOOliumBatdiImAmtriciIml'NIoRium/IqlIuIiIIm1'ruIa>i.... Um..'llIIIiIIIII 
(254)(249)(247)(247)(243)(242)(237)(231) 238.0232.0 

70
69
68 

YbTmEr 

Ynubi...1'IodioIm&Iium 
\73,0168.9167.3 

]01 102
100 

NoMdFm_UBI 

IIdJeIiom~ 
(254)(256)(253) 

71 

Lu 


I.utIi!ua 

175.0 

103 

Lr 

~ 

(257) 

The 1-18 group designation has been recommended by the International Union of Pure and Applied Chemistry (IUPAC) but is not yet in wide use, In this text we use the 

standard U.S. notation for group numbers (lA-SA and IB-8B). No names have been assigned for elements 112, 114, and 116. Elements 113, 115, 117. and 118 have not 


') 

yet been synthesized. ~; 



PHYSICAL CONSTANTS 
 Speed of light iIi avacuum 
Permittivity of a vacuum 

Planck constant 

Elementary cha,rge , 
Avogadro constant , 
Boltzmann constant 
Gas constant 
Bohr radius 
Rydberg constant 

Bohr magneton 

, Faraday constant 
Atomic mass unit 
Mass of the electron 

Mass of the proton 
Mass of the neutron 

Mass of the deuteron 
Mass of the triton 
Mass of the a-particle 

Co 
£0 

41T£O 

h 

e 

NA 
k 
R 

ao 
Ru 

II'R,H 

JiB 
1T 

F,. 
mu 

me 

mp 

rnn 
md 
m t 

, ma 

2.99792458 x 108 m S-l 

8.854187816 X 10-12 F m-1 

1.11264 X 10-10 c2 N- r m-2 

6.6260755(40) x 10-34 J s 
1.60217733(49) x fO-li) c 
6.0221367(36)\x 1023 morl 

1.380658(12)" ~ 1O-2J J Kl 

8.314~1O(70) J Kl mor1 

5.29177249(24) x 10-11 m 
1.0973731534(13) x ~07 mol 
(infinite nuclear m~s) , 
1.096777 " x lOP :mol 

.. ? 

9.274O.}54(31) 'x4.()-24 JTl 

3_14159265359 • 
9.6485309(29) x 104 Cri;lor1 , 

1.6605402(10) x 10-27 kg 
9.1093897(54) x 10-31 kg 
or 
5.48579903(l3)x 10':" mu 

1.007276470(12) mil: • 
1.008~904(14) mu ' 

2.013553214(24) mu 1 ' 
3.01550071(4)m ' " 

, ,U ' 

4.001506170(50) mu : • 


