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_ujcML}yL»u:OQ&rﬂu}!ujcML}”@
PG SN L L TE s f e ()
S L0003 U1 & b6 st
_UZC;MO’AQ»JO.OSZMLL/M
42,0052 U1-Uf G o Urk pn (3)
_U*LMU#LA?
et B 5 /&C.:)u’ b~ leu/ (4)
e GBUE0.2000 s AU b
e 10011“«‘-@&’&’”;}‘?;4.305/.5‘}'/@?
i u( Uy Lj"‘ | U (Exact Numbers))lﬁ'db’ (5)
S UL Us k120 U Uil 26 _o (5
MLA@A«/W!:C;U&!J{J/J’C;MUVL
L E LSt
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LS bW AUt & L L uH i
<+3%JL2/'J&5'L5/~,4/}MZ:J'-U:€UU§V~:«§
-na//(f‘{u’g

LGS 895 x 10°.46.65 x 10 1
St(6.65 x 10* +0.895 x109¥Z_b WL SUicd
_u:/lgnul/&/ V@fé;wlui»

L la;ii@/u’lmu]»ﬂ/
(6.65 + 0.895) x 10* = 7.545 x 10*

‘ij‘cla JL%}J: @/;u’ij“/&ww‘c)w

2.5x102 -4.8x107°
=(2.5x1072)-(0.48x107?)
=(2.5-0.48)x102 =2.02x1072

e b i G i AL P QL i
&~/3 J3l (Precise) gj’:; éf«' S ujy;ﬁ:ﬂ (7
Lyigps el Jfg ¥z (i_Ust (Accurate)
g KLMM/:/;IJ’Z}

2 d/ziﬁf‘ h-«gf‘L uﬂ’/‘ ¥ (Precision) jk.j, J.}::
,J??_uj .,{;'/'u'y;;;/».gu:ugf&u?/gﬂ
AESE BAE LS K (accuracy) 5
ug/ﬁ{ J))’L JU’*-LL .{,/“g.f,w J/Z_ (True Value)
U/ik;,,}'/u d/u’l 'A‘Hi,)lbvg/}!cb;ZOOg/ﬁ&?uﬁij
iy It/ F 1,93 gs11.95 gcé@&;,l/;!‘a e
-ujufw»u’g:uz V{)y'ég/;;ug,frf‘ug J.B:)
S éf«é u}j.lg, le t”/[)/d'_f,“u” (X’QU:!/»
e Jg; oo e lalis 01315-2-05 g11.94 gic t‘/
ét«' sl t‘i/;){f.“(j}f ffkujlb !/.:..«g-c//);/;!
el gt S By -e /77 199 g412.01 ¢
@“4 /?ﬂ{/;icléjkéj;!ﬁ!ézg)uﬁ 1.4Jug-uﬁ{
- C]:la
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Lk F o 433 S e bl b a 4334
Kb
4;un?:95/muuLtggL%J/ufu//r -3
et st dt  See b e Y i Ly
e bl LS 1 U1 e Jbbn o 1
tta4/3uf"?‘¢tt’¢5“i£'¢/ﬂ6.35ﬂ“f
]%t/ﬂ6.25/ﬁgg.gﬁfla6.4c;gﬁr@f

Kbl 6.2

VB e B LS UfEieh S M

YUl L e Tt en S e

JK’L (Factor Label Method) <2 /’ J-""j (} Vo o) } Ul

J: je e t’M (Unit Factor Method) <3 )’ L} 7

Y-

Jie

?Jntg@:cméyg{ul_‘aws in)ét?ﬂﬁ/gwug
1in=2.54 cmufalgﬂ
ujéwgﬁ:c—obvu”

lin 1= 2.54 cm
2.54 cm lin
2.54 cm lin
¢ f — f
u"/ lin ”élb&d}t/ 2.54 cm O)J

LM (Unit Factor) d// églu;»,: - d}L/‘d: 1

TV L}/uméw‘m fﬁ-uj
_gz_"/?u.’?}}"!d/};m?(:. 1

oy Q/‘Z&Kf‘ﬁfs inLné_;{,l:;éJ)

gl S
3in=3inx 2514 M _3x2.54cm =7.62 cm
in

NI PRV P V- N {9
2.54
o UK 2 (F e o) e

1lin

PG A L G

~20 = 20.000000 £2=2.000000:S (5

(LEL 104 D32 Z,tgé/uﬁ (:/"u’.’/l/;l,wl_/z
& Utee G SUraa FAS St L i 2 Ut

8.256 x 1091 Jf ekt G L U2 4.01 x 10°
_ujLMUyLéLJ:

:éndfaﬂf i Jl J/u:/bé:d/b‘—ﬂ uﬁ.s}
o uﬁuiLnéj u‘{u/(c“ﬁ

12.11
18.0
1.012

31.122
£ ekt Lol L IE1UE18.00k
3116 bWkt T2 e S

SE P e s 2SR uF
TNV
2.5 x 1.25 = 3.125
ST S PR T g WYX
_93.1?/J”La“iw_uf‘tg'¢nuf¢m5”gug}
led L& Sz ol der§ Ui $ S5
LS F Y e w VUM QB iy e S
W b/ B E s oed £ (Rounding off)
e 5 6P e i bt S 1
J@-Lattgg)/ﬂiwmu:cmgémic%
J‘i;luj"?%meuf;uﬁ 1.386/!41)9&
el 13940k
e 5 ok KJ/uj/m;b/uungLt‘q/’l -2
£ L JE O u.'."}),w Uls 4 — Ji?“g (r
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2 (o) 24 h ><60m1n 60 s
1(ws) 1h 1 min

=2%x24x60x60s

= 172800 s

/?;litﬁﬁbfg,.é Z“.)JS@‘:/V//
- Cae 5 Kuf’}dJ&* SJLE,?M?

2 o)
(1743—1794)

S s g a S oLkl £
c Sl LS L ol 24 n Sl

Z_ (Antoino Lavoisier)ﬁ‘».J. dj{,’ 151789 )Y O
U § Ll £ &5 2, e WU
-l,j/.dlb‘ &L ; =ty “Lﬁn K (Combustion Reactions)
,J‘w-z.n Lu!{uﬁﬁ U:U//b{({)&’ u(u]G'J!
K@L}U!é’fé/ﬂéd,V,ﬂ”c d/?ﬁéi./)é/)}!
(Products) = [ sl (Reactants) e bl U (/> U?j} ’

P e SusiS

Ll bk ST LlI6,
' _ L Us/I-ls L (Joseph Proust)
& B35 o S om0 S S
ol 5 Sole S o sl S

_CAUJAQL&W

(1754—1826) b Sy L iy

208 ...g _é < ; 4 u;’r’ I3 d: (Cupric Carbonate)
IS U B2 G bl Lt LR
U U U 9 (Composition)—d S 2o EUE 7

e VWSS S A

12

UE 2 &b lw 0 U uﬂ/ﬁf(}'g-ufn
—‘L/K/)
ST UE S SIS U UG L e
“Lf (Cancel) Cr*‘(f{u.?(!_/,odm(‘;:‘a Cl by v/
e e Py e P (B
AP LI L T
J&
_ééguu:m?’g’fému}-LLmMJZ Luf..ﬁyg
1 L= 1000 cm® £

‘Luau’!l m = 100 cm.sl

1m _1_100Cm
100 cm 1m

QJ_LJ_/JibmSQQ/'Z(jK!Z_Mé:{.M
_UZL/JLUMU}%/L}/]&m%

Im Y 1m?
-
100 cm 10° cm
2L =2x1000 cm3—/
Q'?L/?/}L(_}/ng![abt/dnd)/?ﬂ

5= =1

Im*° 2m’

=2%x1073 m?®
10° ecm® 10°

J&
S & n e St 2
(h)g24=u;1 ugz‘_tgﬁulzg
1(s) =1=

24 h

2 %1000 cm® x

24 h
l(c)))

1h=60min 4

1h _1_6Omin
60min  1h

b

b

2(0})-------: ___________ Sec.*

Fo St dor S i 28322121561
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d/cﬁuf&/%}?(Sng IGgIﬁ) L,L”?/Jf'—?u%
“Lcﬂy‘uvwguﬁun‘ugﬁﬁlf"u—_(zg]o“/fvg
_1:2416:32:0 (5

Ul U U 1808 ..‘C;k/;fd
o ol S8 Sl S L
SU B L o 5 s S
ool S e ) Ll oy 5 e

L@ﬂtw@;ww&oab@\
m‘i}d’)} 2 Sl am s OlSy oS pls
g S o5 Pl

50 mL«/%} 100 mL U1
—e ket £1100 mLL&g//nﬁ;M
dy o FT . Pkl

100 mL 50 mL 100 mL
31 100 mL J/ﬁ) (;Z: uﬁrcl'ul wafft i J
_2:lie e bl fUt it &g Ut UR TR 50mL
d/ (Integer Ratio) Ju& 5 L2 bl f d/ ..46)'}/
P i bt e s £ S s

PGl G

w3k wBEFT w8
38.91 9.74 51.35 AW
38.91 9.74 51.35 Rroi T

ﬂu"(ru”ffyu’).f/’grc;,f iu’!
el U Ut il Ut e ULl L
u"fu”’f/u'u_a fyd,wf.vtf_,w’d/ (Validity)

(Law of Definite of Composition) {K 1 .,4;( /J‘D/
et

O KU1y % U4 1803 L (Dalton) u’JﬁJ,
QJWJfoagjadi\;nywj;;\
Jos (a8 e g3 g S (S e ) 5
M;:U&\J&é%:ﬂg;:bd\cﬂ%ﬁ
-t SR

pl d& caL«J;'ui/CL?l:_, j:%‘u?,/i’&/?/}z: Jlf'"
-‘aci;d:@fbf!’{ waf&

d& «— df“JT + qui’&.

_wc;wéy!wggug%;mz I K 18¢ 16¢ 2g
(Avogadro) u;”égl Je 1811 oo Ju]s’,_,ﬁ,l—i » lrf'{, Sk L u;;/’ + X L
“Ona L kL 34g 32¢g 2g
> —
B e 5 + e < + i o - H ° ) ov\ !
| o o He /LH H E
AL 16 A6 A2l i fil




LA SITEE o Ee
e L7 emts 2 L
(F‘“‘” J{GU— u,,) (a-tomio)
A G Sty i
e & 2L L (Democritus)
urllr dL 7 6(:((.0 460-370)
osss By o Qs BNV, il sttt 5 L
sl FLA
(A New ‘PU Ly QLo S5 Ut 1808
SVE 227§t System of Chemical Philosopy)
VAN TN
-‘Lﬂukl@j‘jwm -1
U6 (1dentical) SU § st BL AL 2
(dentical = U U2 P et G (Properties)
-t Jl}"’uﬁ‘/Mass)
@ﬁ!éﬁ&ﬁg%&kﬂ&;waw -3
LSS
ff; % d/ Ul R el JQ{.’/ -4
ZJv éyf_% ds JE (Reorganisation)
_ugLnﬁgﬁ;utungthLﬁituw;
(Laws of Chemical ¢ 13 51 SLe, B ¥ 3
MY (9 & J =15 Combination)

AN o s
(1776-1884)

L IS orh e N LW P o o
e Y lne Ui QU Bt 0
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e Ul Usti 356091 _als
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I Toksi g (P U
(JOL QL L Pl
L P\ S ig ok
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i Yoo b W1 S e b L EIn ST
E & g PPt o £ 3LT. G
SAEATRL A8 LSGIEEub L o
s Sl L uf';/ff‘L 281 uf:/'(/;l £y u.‘.{
§p 1 S sy~ Ly U o 1 UL
(Journal de #6763 J2 (Journal) L
Y yE Sl £ st e _(n ZE U~ Physidue)
S o

S Qs S 2 1860 i £ Ju- 501 P
S Ut §7 «(Karlsruhe) =y S L
(International Conference on U H¥IH ot
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-
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o d) (Relative Abundance) c«f'/(?/ L}/ il (fu?/‘
J/@"u’! ?ruz L/LG ' (Percent Occurence Cf)
s J;K{ WL JC"‘_‘L 810 ijd/az{u{il Ll
Luluﬁ‘{nuf;(&)u@men@ﬁd‘_)ﬁ;;}p

e uﬁfu@é‘_l/
e = & b
(amu) (%)
12 98.892 2¢
13.00335 1.108 3¢
14.00317 2x 1071 e

ZJM“@:«JL}%’L/}’J@J{‘LUJ}KTUE,.?/JCJ‘
(0.98892) (12 u) + (0.01108) (13.00335 u) +
(2 x 10712 (14.00317 W)
=12.011u
do § oS edForan FEd e m A5
B § b 2 e U e S S
_Utdn qu‘fumﬂuu‘wug

Sn S KUt S ooy gt e laed QUL
il 4 Ll d L0 S St Qe
J‘wt?uwg_ Cl l[u/";’/%fd%l Jw;;w?d/
G b L e b WS B AT A
Lt (A1 Pas g sl 1 s LI % U e (Methane)
e Qo dpe A s eed QUL St

u:ag{ 3UVJ (Methane)w.@.}r

=(12.011 u) + 4(1.008 u)
=16.043 u

eL 3§ 1,08 A
=1 x(:—z{(j%'(!d?ufbfp+ 1 X(é’d{,{u‘%'b(f?)

=2 (1.008 u) + 16.00 u

(CH,)

=18.02 u

:,uﬁd;yw{éd/:{

1Bl e Qo f S en Iop e d Uiy o d
Ei.)&‘tgwuggjwaT_ugLnL){w%
u‘}i!c_ /> <(Mass Spectrometry) uf b :a;{d; o
I e S i L ﬁ;JM&K&“f
Py :«z{d/ﬁl_,géuc’: c«@fjrub u’.'/bfu: S
lgguy/?;lfbfcé é)}ﬁ‘”dcwb»‘d/:@fd?:!
.“4,/,{lc;léuhbaﬁl@c;qf){d@/fﬂctaé
St L ( L 01572 FF 6 S
KB sty Kuix@%ﬂ.fﬁ!ﬂﬁuﬁ{;
UX 1961 4 J1ukxe 8 sl e $y (Carbon-12) 12~
eIl s s LK K1 2- KUl BP0
12 ess ng,:( lzcuﬁ(w‘i Jl-< CC(V Q’//"U;LMC
ﬂ)‘g :—-,/,{ d/ (amu) (Atomic Mass Unit) Lj( f :a./,{ (fi’
SLAUI S amu) 51 s’ Lo Ll F
/}!-ﬁ‘_d)b/cc 1/12L&JJ5¥‘!12C~.¢§¢I§-3@

1 amu = 1.66056 x102* g

OJJ(":W%J’QWQ = 1.6736x 10% g

gJJﬁ:i&ui’g,@ui‘amu;w

_ 1.6736x10%g
1.66056x102' g

= 1.0078 amu
= 1.008 amu

15.995 amu = § 1 (°0) 16- SEILA S
e

edod S 7 e b U 16w 5§ amu F T

(Average _eiweS  ooi) L) < (}119( (Unified Mass)

< g@fff o Jﬁ :uﬁuj L/UWlAtomic Masses)

ujlgr’zb}&)&rvg/byc&%é—bLl?Lk{‘/)b&J/&
U/Uﬂgﬂulﬂ_/&,-uj Lla LEUﬁyJ (Isotops)
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Usb J&1 € NaCl <2 U6 o § e JUL
Sl e bl Qféé uy; d/ (Formula Mass):f;,{
WU S Gt L 50 st 2l
_bb

Eirmed F1 i radE1l gy d U
e U6 S K5

=23.0u+355u=585u

St lnm L}{MLJML/WIL‘//V;«UVA!EZI
ool el Sl A S en SE ES
Goress 2361001 E sy &l-‘agn
-

“Lf”ZOcuZ L//zlbc; waug/“l}l 12(’5@/’&
L/;: be (Gross) J;// “L/:'! 144 31« (Score) J}c l:(
(r‘:lJ/ ﬁ) UJ:?"?{ (Microscopic Level) i/uj Y4 ﬂ v
J}"gj. Z L/Af’/(o/;;; @7@1}91 celss e Ul
~ U & Se157K (Mole)

G L2 mol' =tk «(Mole) J <2 ¢ S
_‘Léndwfg.i'%tjlﬁJiszJlﬁém

ULl 21U e siires §& ey
u}:luﬁlg(? 12¢(0.012 kgl) 12gu’7e‘¢ Jlg Jg;w’i
-3 ugfé;—.l? telbrnisel Ul aﬁ)lﬂJ
e bee Brull sl Susiit Jr Ll
cé Z L/ r)l’” 4 o (Precisely) J?:) /}ﬁ Jl-# oﬁ,
(Mass .l.:.’. b'%b\:ﬂ{.{wg ::«,{d/ﬁl 12 sk
fce,{:/ S Ug =g o ol f L}/ ()"” “ 4 u( Spectrometer)
LGS E oy e 1.992648 x 107%g
L 5ol Susziony Ut See 12g058 Uy
e Sils

16

1.1+
e obed QUL L, Hy, 0¥

S
=L S (€, 1, 09 #F
=6(12.011 u) + 12 (1.008 u) + 6 (16.00 u)
= (72.066 u) + (12.096 u) + (96.004)
= 180.162 u

34 (- (Sodium Chloride) i’u}géfyé 1A
égﬂ‘fgé.l'ﬂj% (Discrete Molecules) = UL
e U//d“,l . b L& uf.(( #L (Costituent Unit)
$r1- L (Entities) UG (K18 ot (f3s) 3
flr;,”:uj Jn(;”ui‘ &3~ (Three-dimensional)

e WU 1.10F°

k.
Q.

&‘»

CELA

Ay S 0sTCL I Nat e 51518 5 50 1,10 S0
< CI # Na* g1 2 XU iv S <« (Foyes,
SELTU et 4
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Cod S usdiony v s s LI A F
SESE S LA F e Sl
/_;'fégf/'_‘a J%/(/};«L}J’”JWLM('}J/‘;‘
o3l U Ity 2 T e L TP L et
LIt L:fo}umﬁ U U661
:/U//(}”‘ Sty e M‘/{uf -,«J//é.ndr)d[/"
T e 3t LSy et §r il £
Az dediar S Ut e e
L/,f“ K59 514l AU uﬁﬂg/»_‘a J}’Z K
R E S K ALy

SIS E i L Je S modie T
SPteuss gt JnJ@ungmu’wi’guﬁ&gf{
e Pl loe & A 5o b oun

&zfﬂéu{/}~—9=
=SSN x 100
RPN
&;O}”d/d& =18.02 g
. ., 2x1.008
%{MGJU%MQ T 18.02 x100
=11.18
. - 16.00
G"z{/wdd/df:r’ A 18_02X100
= 88.79

U (Ethanol) J9G g 2 Jéus L1 2T
e o QY ST Tl P4
U b QUCEJI = H.0H
eI S5 = [2 x 12.01 + 6 x (1.008 +
16.00) g

= 46.068 g

A Eyaly =4

12g /mol *C
1.992648x10*°g / '°C atom

=6.0221367 x10**atoms / mol

wﬁ‘..g:.'f+ AIE .y K;w?d/ur‘*:w: 1 mol
=AU sl l:f&) (Avogadro Constant) k&5, 5€sy)! ‘t
S10d L i 14hu e bt Urbe i,
AL Uz T AL S

602213670000000000000000

S s 35 UL FN U EIL AU
i

SuE e U

Jr L6 = 6.022 x10%( 1)

LU L &g = 6.022 x10% (= UL L &g)
Jr

i = 6.022 x10% (UK Us6 § 5106 E3)
o L1615

o RIS Lal Galon 1,11 S8

Luw&(}z.nmgiwzéa{.f.g}wr
LLE Lig benol Tt/ ed §Ur
8[14'((Molar Mass)."—,,»{))”(fu’lco;{u.‘.'rl/d/df
Uy /JUV/U%"j:u/?ui’d)ﬁrog‘O}”ufr!/.‘L
,‘a(}yzdﬁb‘ébﬁg{
S
= § B

=18.02¢g
=585g¢g
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u;r{ubﬁld//vﬁ?g}gfuk{&fww?,u

E e
4.07 g
Ll Skl =108~ 0

24.27 g
=—==2.021

_71.65¢g
Lot = 35.453 g

L;xi.)‘.’fa, wﬁﬁdréf&)’b{:l :3,'/3

RN
-é -
X3

ch/(:ﬁ;w‘%wb{cqz.ozl,f{

-+&MJ‘ta2: 1:lrer’d ZH:C: a1
%/wvuﬁ?m;uﬁfu@wu}‘(wdﬁ
D:la l;-’/d‘ &Ll J"‘( L / .,«/‘2'4; (Coefficient)

=2.021

-~

4,1.,“:}.,»1:1&:/1»‘/”5&11»& AR
-ﬂncﬂ/;ﬁ/p@xfg()"

CH,Cl e U6 K A£IE T Uy prineed U
iy QUL 1503

e LA @

G Ut 1 § Ul i b vl A
e eIl £ cn,o1 &

12.01 + 2 x 1.008 + 35.453

- 4948 g
A (I 19 Y AT S RS

el 98.96 ¢
:JJUnGJ@/;él 49.48¢g
e nd LS L Fi ©
122 F b UL S
ums‘ﬁ/;a = CH,CL; n=2
s bdU =cuel, Lo
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RN

_24.02¢g

= x100 =52.14%
46.068 g

edae $ S P

_6048g

= x100 =13.13%
46.068 g

23S T

~ 16.00g

=25 ,100=34.73%
46.068 g

U T L d Ay b G bt

-@ZE/J%&P{(T;/PMMJ}M&I

o~ u'(/ Lf'/ (Empirical Formula) U#%6 gﬁ./:‘:l vg
e S ee Moy ol & s Ll 2
LIy d_la L.L. u:,)l/Z: ../f/ug Us” 6 deﬁ “«

e TIPS s

e §E Pl i bz | Sl
UL £ - Cﬁtg L U KK S I (o
J.)‘,?J,Cf_n' (}’”.:‘;f/r,.“@ﬁ < CCLP l:’/r)l’”f’/ﬂ}"zs

-~ &/c»l}n J,U"JUU’*

1.2 k-

sl o6 24.27% S X| 4.07% Ui L L
98.96 gl § U1 JE ¥ 71.65%
S L/L}"/@L}Ul//}!ﬂﬁléu’!_ba

S

L'/J.,g‘uﬁrl//:/y[} 108
Al e 5 s $U
,?/,CI“A JI1-U¢ 100 gL»..f?J&{_/L’qugUL
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(Balancing a Chemical Equation)t/ u)l?f.:«bl/ég(
Qe § e Qe U S Uit £ 4556 Ui & etils ot il QL8 it LT Jr £ w6 Lty § ed
:u.‘f"'{: S u{f"lé u;lw/fu! u?lw/:’%lﬂ_tg CC‘p l.f(u)l;"é/}ﬁ (Trial and Error) &> s d/fu;lﬂ/
B HIT AR
e hlsgils” (a) 4Fe(s) + 30, (g) — 2Fe,0;(s)
= slergil¥” (b) 2Mg(s) + O,(g) — 2MgO(s)
bl (o) P,(s) + O,(g) - P,0,(s)
I (c).:z!}l/(/?_c‘; I S sl uf{T/,l.:,La)J)ui;)uﬁu]nuuvf{ug 15 (0) 291 (2) U Ials
u%:fl’.s)uj/gé.:,uuu:"éiL/ujn?/w‘us’ﬁ:tég?fw?ug IPEIL b e bl
2 o iPL IS UL TSP UL eblrold §usil oF TS AL\ St bntdises 2ALL
P,(s)+50,(8) — P,0,,(s) <lsbrs)ils*
e Gﬁla Ju)’}"{{./}é: c«l.l,algj:}g/ﬂc«l}b‘,:_uf{»( (Combustion) &1}7!5 C,Hg (Propane]gjfu/? _'41’97
‘ugc,wt&gmi’u/ 7 &Mjmugguwﬁf"mwropane)@%{ugﬁ-cﬁgLnGc/ﬂéowuww 1(13
' C3Hy (@) + 0,(g) — CO, (@) + H,Ol) (e lslrefl5* )
un%koUVuf.ﬁ CO, J}u{béu’hu} (“usiwmt.:,ub?f{ tamS O)) 20 3\dad S0 i) JJKZ"}
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