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Lo baf A o L e L Ul
SOl CFE 15, e
(A New ‘P Ly ab dLdo S5 U4 1808
S g 4" $t System of Chemical Philosopy)
BB Ssaant
“LJ}ZUK'&?J'SL’ML -1
U5 (ldentical) JU  Ust! BL AL 2
(ldentical =d fU* U2 7 et U (Properties)
GAt el Sl A S Mass)
- L
vgﬁ!ifvﬁ.,ewz_w:@aﬁ,w.«,tf/ -3
Ny S
o 8 Uk 2 e (L -a
Z S5 Jg{.‘a 3y SE (Reorganisation)
g LGz L G T it
(Laws of Chemical 13 551 SLe, ¥ 3
2 Aot S eolesd Combination)
L sy S Smo s 6L f& ol
Rl IR g&(ﬁ«/uﬁ}gfagﬁ) JL?.
bl UL
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WIS 36y 155
(Avogadro's Law)
S5 sy A 1811
2 e g ol e UL
o e IS S0 S pls
S Gl i S ol
g sy s Ul Uil il el
1776-1856)  Smnnr § O Fuln L
QL L P Tosr e (P U5
Nl L Puky S 2 A3 by SB L
S Wl b o L (e Al

;MJ:,UVJJQ{M e IQQP’J/‘J:/'/&}’
S CISE W e iy P UL
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U i Fe b U1 L bl i T
C =y ol P50 & QT Lo
Pt J’:Tﬁ!é (Dd‘ Vg,J/U?J? KUl .L:A:,(;/»
BB gfﬁ/f@;;lﬁ{l’/;lénuj
L 551p 17 St Sl 2, U e (5
U* Journal de Physidue) ¢ § 3 7 (Journal)
ufugw:u’u,,{/?gf"wdz;gLé_n.;m-énd/@
_lf’l,)

S s 3?2 Ut 1860w £ JU 501 F
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(Average Atomic Mass) u'{ Uf’ Ibrsl 1.7.2
u;b(ub; J/VLJL’)LKVQL//}”L}MJ
Ju;la fu’(u? u‘d_la | u"fu( (Isotops)
v d) (Relative Abundance) <« / u)" d/ Ozl d/ Y 4d
J /‘} Jl 9 e sy (Percent Occurence C}’)
Lokl oo do § P e d 55
Z I J/&”Juwu‘grw”u’g}wy

o/ d/d)él/
e = & '1d
(amu) (%)
12 98.892 2¢
13.00335 1.108 B¢
14.00317 2 x 10710 ¢

26@:“[9&5{6%112/51JM/K:LU)}(TUQ,,%&'
(0.98892) (12 u) + (0.01108) (13.00335 u) +
(2 1013 (14.00317 u)
=12.011 u
B § Sl Fra G P LA
Gb(f@u XJ/VJ;J' uad/»d//‘l/ <
e S
(Molecular Mass) \.':‘,f,{ UL 1.7.3
A GBS KU 1§ peanr gt el aed QUL
u,ﬁ:;g,«:ygguvé&./m%/&uv_‘a
Sl te o Aled sl e i §
u“’f/ # L e et LGRS
L}’ﬁ’u}ﬁjj{l’/b/}’ﬁ’u/{b«(u"u) ¢<(Methane)
L(}lad/ )’”LL}J}:/MJ(}UVJU*
JdUVJ(Methane) u‘a;AA

=(12.011 u) + 4(1.008 u)
= 16.043 u
=L S m08L LAy
1 (edEI8PaDe 1 (edEIdm )
2 (1.008 u) + 16.00 u
=18.02 u

(CH,)

PO A L G

u?/C}LJL«»l & 1.7

(Atomic and Molecular Masses)

L AT endbefre N L Uv’),l“(l = b ool
-L\.«Jb/mjt{'r_ur/ QU (1S Gt b, 2

(Atomic Mass) .»;fufl 1.7.1

B e (b S en Sad § 1 ed S
I (PSS PRI S Y, S PR T
U’iia /*<(Mass Spectrometry) Qj b &3{4 (Ut
UEE g Fe S L En fw S
ey o;{d/(‘:h..géué o&fjtubu’.{v‘jﬁ Sa”
uwuu/,:fw:éif?k*wc,wv‘f,/&ﬁ
ed teld Ve Fllh e B Pl &
bt S L IS EF SRS
I B s R S S E S R e
U= 1961 4 U1l s sl (' (Carbon-12) 12~
= Inle b v.».g(wﬁcm—cﬂ/&ulfg-u? (;flﬂ}@’
12 e Jﬁ“{ 12ngf(l£3 Jl-< Cj:lp lf/zu;clzc
U( ﬂ;’y&g{ d/ (Atomic Mass Unit-amu) é(’ &;{ Uf:"
SUAUI S amu 281 s o Ll
s Sl 1/12&4&”1!120.@,1‘&3@

1 amu = 1.66056 102*g

w{d/ “’u}uALJ =1.6736 10%g
JJ(’J}MLJ J"amuiu’!

= 1.0078 amu
= 1.008 amu

~d15.995amu = Y1 L0y 6-F LA
é‘*.z{l’f’f}?:% ol LjUW!K'u',.cJ'amu'f@T
u..:'/ u‘fﬂ.l d/ L ;«L/Pﬂ_«?_‘a&lﬂ{ (Unified Mass)
(Average _gisS (soal Ly (7 S JUr L/'/Jla}’
-< lﬂ[i s J: )dﬁuf Z./Ul?:""Atomic Masses)



=23.0u+355u=585u

u.f?)//r‘ubr‘j Kdr‘ 1.8

(Mole Concept and Molar Masses)

Glnd Aoliete L7 el kAl
03U et 3145 Julu‘/l,wd)’dtw SE L
e AsId Lol i e d/
- dr
V120 LS pb e o LI L2 12(«@)&
L/}@L(Gross)u’}//l/l 144/}'L(Score)/:¢b’/
‘ "'f Uy )l/’)/"/ (Microscopic Level) i/d' J]f o
J}":J. Z L//VI(D/J ¢! :u’/’d’ ce s e Ul
- é/JW’/r”K(Mole)
1% u’;l//}w '‘mol' ek r(Mole)J!‘ u"fUz' SI
_Ld/JW'iLLL/’MJLid/JJVdKF
Jr.f e J¥Is1E s § & amolertic
J//(/"')u'u’fd 16.02214076X10% 3
Joa xau# ok u/"d/ N A dE, 3 (»’b}i,-a w74
e va/;ml,/,w mf/wwmorlz.l
S0 S oz § p51pm oo 2 Y
31 uyanuu,)vf(ldfuwrd%’_a Fe
telboniselJl-< &f._d/gfr‘;gub;h/:/»
d/ulfw;w&)r’u‘dru(éajfab
4 I (Precisely) J’)/)ﬁ Jl-x J&/L 53 Llw <
(Mass L” JJJ:@»{J s 12(//{&&2_//()’”
n.’.‘«{ fﬂi 2 o 2 Ljfd/")j‘”c 2k d/ Spectrometer)
Sy K S Zl.-c 1.992648 10%%g
LS5 ol S uszisny Ut e 12600556 Uy

ILLd)L»*‘

oﬁ.{’wgc’,’/‘a ("’ Elowy K}’ﬂ(fuﬁ“luﬁ 1 mol
L2243/3 €391 (Avogadro Constant) 41,56y ¢t
Eale 15y e b b (Nt
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1.1k~

e obed QULGA L, 1, 0y ¥
~ J

=L AU, 1y, 0¥

=6(12.011 u) + 12 (1.008 u) + 6 (16.00 u)
= (72.066 u) + (12.096 u) + (96.004)
= 180.162 u

(Formula Mass) :«,{ Uy 1.7.4

34 U< (Sodium Chloride)fb/'/}géfr‘ﬁ “V"m{
&K"j"//“é.’ﬁ/)w (Discrete Molecules)uUlf
AC =R ) P 4L (Costituent Unit)
,/..,([Entlues]l/l(u“ ,”K) d)/ﬂ(u"f/;r’)w
Lt L}/ (V J« =3 (Three-dimensional)$:!/
e LU 10 S

58,
SRET
S

A A

-

_,LLL;Q,J\Cl VNt er 81,5187 35 501.10 JSC8
Cr iu’f Na*-.fu",bb!{ur’fa Lj:la L«(_A’,«
& LJ’MLL)"/Q‘_UW
U6 J1 6 NaCle 06 2= S ed QUL
,fr'/(a Cl b-(i z u#jd/ (Formula Mass)v/
-wLLu”u’f&u&udwﬁ(mwduuﬁ
ce LU Sl d
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SL L alpp sy snr el S S S n
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~pE Sk ALl
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SP Ut Gr ST TPy 3y B
e P W oe &b 5ok Tas

el §§ 4 L=
=dEAUES 100
c«zf/ftfef/aﬂ
%f/’rJ[}g -18.02¢g
edwe §S Pk
=11.18
el 3SFT
= 88.79

U (Ethanol) J}Lé’-!,ug Zﬂ. Jlf’"ul ug ’%1’

?a“*”&%'/d/d%:f'ﬂ/)'&ul"u@,g
U6 QUL

= C,H,OH
e EJIG =2 12.01+6 (1.008 +
16.00) g
= 46.068 g
ede §S ek
edae $ S P

gu,ﬁd;y»,,{zidﬁf/

Cuprliat e 1AL e fif 10d £
:u:?‘@’b«

602213670000000000000000

u’ﬂgu/(u}/ﬂ 3/& c«Ulﬂf‘:’) Ug’f(j’ LAV
G ik

SuESrL U

Jr L8P L = 6,022 10%(F)

..QKu;’iziig}g= 6.022 102 (=UlL-LZ [}g)
Jr

“iv = 6.022 102 (ULKI Ul Ji’wgéﬁr)
L1621

Jpr LIS L e 1,11 K5

Cusgdoiime il 8 Sy 780y
LLE Lie tonulb Tt/ ed §Ur L
JW((Molar Mass):»,;{)/d/u’h&;{uﬁrl/d/d/
U | QUL (551 g st Som e o1 e
_Laénd;ui.a/
-"«f/mf&g
&g{)}"d/f{b}gf;f}“

=18.02¢
=585¢g

J Zw[} 1.9

(Percentage Composition)
AN LASEH srr gt e ng s LA E
SEAATSe st LT e St



rd ¥ =858 509

35453 g
—re ‘ﬂu'f/ﬁd/ug/z@/d/‘)'la&l :sr}
-“é(.‘.ﬁcm;_)%’;

:/?L/’/ff.:{;c,u”:ba;ﬁbfcqz.omfxf
_LL&MWEZ:I:ISQ{j“iLH:C:CI
P B Ttz Sl P, i
- CC@“MJ"EU:JMJ‘Z/?/}L(Coefficient)
4;@3’7.{&0{&&&:/@6@/1&6//’/;:4&
L S S S
CH,CI :‘Lu}osﬂ/;ﬁ(.,&ug,?/p:“iw
b QUL 1503
e linbbA @
G Ul 51 § vl sz gt v B
L LCHCl_ g ot L1 fof1 £
PR ARIY. Y1
12.01+ (2 x 1.008) - 35.453
=49.48¢g
"éﬂ};aﬂnﬁﬂﬁﬁl/@ﬁr )
g  98.96 ¢

=2=n)
b.«/}:_néc::gfila/?)’/L//G‘ﬁ.ﬁl (0
1z S dUL LS

umsﬂ/;iu = CHCL n=2
63U = gmel, LUt

v-«y‘i«&kf. _,/li'/;lég —F1.10
(Stoichiometry and Stoichiometric
Calculations)

— su &L’{ 2] (ég. —F) Stoichiometrykd

Wl (pilew §) Metron 11(ze §) Stoicheion

BEN NN Nt PRy e gl
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el ST T

U T L d b bt
- i/flaol.)’”gﬂcz%)wl%'/}ﬂ L}f

meﬁ/;ilcj.ziLnG@Uv 1.9.1

(Empirical Formula for Molecular

Formula)
e b/'(/ U/ (Empirical Formula) U ‘ﬂ.&l -.,g
e G el Foog asl B R )
Ll AL v QUL £ e
e AT S U
edie 3§ Pl i b\ AN

QUL A o (B ot ik gt € e oo
J:;'.?//&‘-}'Z ()”:,J)r,“@/ < Cﬁ(p gﬂl”uéﬂ//ﬁ
e Bl G

1.2

1l K 24.27% S5 4.07% Ut L L

98.96 gd b U1 _e Ji o ¥ 71.65%

S QU Bl e

S

St edae 1 0

bt d N o B S

gjﬂﬁiu"‘u’}' 100 gc’iﬁ.ﬂ?g/&z_/lﬂfugut

a5 4.07 gt Ly 100 g & LUl

_%J&q/!K?l.es gl f6 2427 g

L'/(P;LJJ UdrL 4%, 1208

U e W25 A TS

KIS Ur L izbar gt (:.}7 -

4.07 g
J}"L Cj’{)/j@/% = 1.008 g =4.04
24.27
Lok =Tyors 2021
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(Balancing a Chemical Equation) £/ il 2 :«"L"L}lkﬂ.fu‘g
Jg{g?/_‘a &}'Z uL«.,()w". d/u;:lé/é’d)ujué eyl o sl Jg{u)’fﬂ.{i Jlbfé Uil d/:«,f
:u.‘.”"{) e b L gf"‘rTé u?tmffm u]lw:m{’%f_? O:la lfu)'?éﬁé (Trial and Error) (&3 d/fujbl/
g n XTSRS

e ls iy (a) 4Fe(s) + 30, (g) — 2Fe,0;,(s)
e hlaeii# (b) 2Mg(s) + O, (g) — 2MgO(s)
ehlegl#Z (© P,(s)+ 0,(g) — P,0,,(s)

I (©) wug?_% UL S st L uf{!’ulow AU T ] 1 () 29l () U Tsls
FTSPINL el L5 S PS8 T g o i1l pub st e e UF
LI FLAS UL T TIPS L eblrold UL T b\ S b tdises 2R L
P,(s) +50,(g) — P,0,(s) wolslrils
ILLG’Clgu(uﬂf"é/:'é:/U}’J"}.yﬂcbl/‘,:_ufg/ (Combustion)J'}"'L CsHs (Propane) ¢/#s¢ SNz T
-2l &E/)lfu"'&’fcﬂ/@ﬂq{ guwwf{l’m (Propane) @:’){UI{(,_“&UL}OUMAL&MLJJ’QUQ 1 “:’
' C,Hg(g) + 0,(g) — CO,(g) + H,O(1) (ol;t/ujl?/-f )
L un%tgawufé Co, J/u:/b“i JIJt ﬁ'SLui/KJ: a&@f}f:&f Ojl 50 3la3 S0 5o J,)L<2r,3
C,Hy(g) + 0,(g) — 3CO,(g) + H,0()
Z uzuffg J:levgédkﬁuz (%’85‘;)}';/7& uffc«U:bI'*J/’u:/l, tamS O g0 dAad SO gail e g, La 3";’
_ZumKu:,Uw;L&g“iLL/J’uﬁiﬂséu?ui’gquuj/b“iu’wgLnﬁ’i!z
C,H,(g) + O,(g) — 3CO,(g) + 4H,0()
u‘!-(uﬁ&gz; 1=4.4C0, 3 2= 6)u3("1! 10£gf:fb‘/>uj/b ST 83} g2 25 S0 got) ST LA
Lot bl 0,6l d LISt 100
C,H,(g) +50,(g) — 3CO,(g) + 4H,0()
ST BPU U ilr T 0 0520 505 (570 5] S i 53 on gl 52T 457 oS 34255 (B
_ug(”:ruf{ Tl (HI Py
L S et 2 o S N erss ES Ll S Ut P bl sl
_l:cla L[u:{f",af (Subscript) )ﬁd}'uﬁuﬂwﬁéalﬁ"’h/:'au@

e z.l}z(uﬁfuw :d%“vr"/u’ (Methane)d.‘;:‘ugf,
fé&}j_}jj LMuMu&gza’i/LJ/"é’ﬁui/K/}'
st w/cﬁwu 71 :«U»L%(L?uf il UL osne
stz L @arel S LTEL vk
) el L Fos sl AL A 8§
_ugitgéu]

— H‘KL@.’,P K(uﬂ'{(%f‘ff‘f)u;ﬁ.’(d/c«l)"’hm
Kuslird e b2l = b6 S UFT ATk o
SIS Te te Wl Lo
~..“"’“LT“L&%J'4B:¢L)L'”Q(L¢UV&Q{{ O sa
JU U1y S b (Combustion) 71§ (Methane)

ot e



=2x18=36¢g

18 g H,O _1
1 mol H,O
18gH,0O

1mol H,O é‘ﬂ

H,0)»1=18 gH,0 =
2mol H,O x
=2 x18g H,0 =36¢g H,0O

1.4 .k
L fd Lo gl co,@ald i
oL U}'Z/K/)J}"g

S
A .:,ul,xéyf
CH,(g) +20,(g) — CO,(g)+2H,0(g)
L nFlraagl co, (@< 16gL CH,(g
(et s 16 o, Jr 1 cH @]
wddJrLco, (@
1 mol CO, (g)
44g¢ CO,(g)
= 0.5 mol CO,(g)
0.5 mol CO, (g) & 0.5 mol CH, (g) <2 '
L LS S22 gco @l L ur S
- L U»/650.5 molL CH, (g)

=22g CO,(g)x

(Limiting Reagent) & Jb6*$4451.10.1
PN N b I e L ez
Gr el & S0 QL i Lz 2w X
e s o3 e JL;?*;/» S :«/ﬂ‘ﬁ'_‘a
L“/)m;:‘-‘é L"mﬁrui‘/l,&»ﬁ; —% JL&M“L W2
el din ESGs it & sl bl st P
e adend Slsisztir SEF S S
< b i S L L KF b e

< ¢1 (Limiting Reagent) & S 4 Jis!
bt R U1V e €

22

s dg bt 2 L H,0 s 50,
C)J’-U,? LUv:’/ (Stoichiometric Coefficients)
JEL b >t 6.t 1w L co, o,
~ G L (S nsid Sl d il

Z&chc«bb”égﬂl,gzﬂcéJ'

J@cd/u&i :J}"_{'K °
d/u&i u'd}".{’ K :L//
_§.L2)
S el L AL L ¥ )
eUbnl ALK LS
b

JUA L4540 L0, (g224L LCH, (g o
-~ 45 AL HOEs22.7LL cOo@ L
LS e 2 325L0,(16gLCH, (@ o
k2 18 g H,0(g) 144 gL CO,g)
GRTUAU el &stesesnSUFI
< Py
:«,fﬁ Jr;‘;w?J.;UV

1.3 k-
dk 1y & = J’/"?'L (Methane)&.ﬁ 16 g
e bl (U
eyt LG 5
CH, (g) + 20,(8) — CO,(g)+2H,0(g)
g E i eibe Jrdiae gl cH, )
(Jr L8 CH, (@« Jbrd e hlatll orer (i)
= ol J}”ué H,0(g)

Jrol 10148 =2 (2 + 16)
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e Cclp@;’/c ’4/’@’5@0?% L/Ujigﬂ"lfcl/ﬁl
1 mol NHs (g) = 17.0 g NH, (g)
17.0 g NH, (g)

3.30 x 10° mol NH, (g) x
1 mol NH,(g)

=3.30x10° x17 g NH,(g)
=56.1x10°g NH,(g)
=56.1kg NH,

=W J¥ 1.10.2

(Reactions in Solution)
- 8nuﬁ Ul $% J:«LLW“LB z_bé S /,f.“
Ui Gt FUIEE Yo de i
(Concentration) J§7/| J,li,g_c;. JL? < ¥ UJ;CL@»J
ol SE G L Ut s s L JF
'ef%Jﬂ@c%/vgu/cdiufﬂ)
(w/woe) 42 Beisbar Sed 1

v o

e /Uy 3
eJiy -4
_Q/Alb‘cwgugﬁcuﬁu’y'éf

(Mass Per Cenljv\-.aj CweS 1

iﬁ;&lgd/g}ib:':/dh’;“’/g/gj:}g/ﬂd
A

wded s ——— 100

LU

1.6

J)ﬁg&/d’uﬁ 18 gﬁdg:’/‘ZgLAivg
_"é")l’”ﬂ L} .’:«g{d/ (Solute)d‘g‘_‘a Cl E-(/Q«‘

JS

wodedla = _=A g
=LSJ¥

a«br‘jd)yf;c&/”'{

1.5 .~

A1 10.0 (kg) £ H, (g) 4/50.0 kg Z N, (g)
& NH;, (9) u’yf’eé e db 3 NH, (@
J& St JEE Nt o pied

S
FUS S et 317 L D L SG i
o b

N,(g) + 3H,(g) = 2NH,(g)
)L«:‘JJJ!‘LNQ

1000gN, 1 molN,
lkgN, = 28.0gN,

=17.86 x10% mol

=50.0kgN, x

)L«}."JJ}"LHz
1000g H,, » 1mol H,
lkgH, 2.016gH,

=4.96x10° mol

1mol Ny(g) J_ L f el elsbn e
17.86 x L N, & 1-Uf /6 3 mol Hy(g) ¥
IS UL, (@) 6 L U 10

3 mol H,(g)
1 mol N, (g)
= 5.36 x 10° mol H,(g)

- 4.96 x 10° mol H,(g) J/’J,E Py u’g
S-ae S a8t e 1PV (5 U
4.96 x 10° mol J (Sl Pkl &
«J & <NH,(g) Jre—

< (352 mol NH, ()<3 mol H, (g) =%

2 mol NH,(g)
3 mol H,(g)

=3.30x10° mol NH,(g)
& Jb 3.30x10° mol NH,(g)

=10.00kg H, x

17.86x10*mol N, x

4.96 x10°mol H,(g) x
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KJ}J‘; (1 M) NaOH{Concentrated) /G/u:“' -
> —Un Jr 0.2 L NaOHUE U7 B U4 (; g
e ol 24500

<« 3%+ 1 mol(J~ 1000 mL} 1 LA

< 1£¥"0.2 mol ¥

= 200 mL

At i bd 200 mLL1 M NaOHe- 1
w1 S bb L LE

M, V,=M, V,Usbdrli i
Ut (st el AV MU e (L U
(S

M, = 0.2; V, = 1000 mL. M,= 1.0, \}?

L E AL I B

02M 1000 mL=10M YV,

U200 mLold §Udrd (NaOH) S S s

1 (U4 100 mL) «(Dilution)e/% J!jd n u;{ 0.2

Sorl A8 02 S5 o o o o e

j:jVLNaOHJ)' ‘LJ&M’/W’J(L}EU{’/)( Solvent)
- J’{Uﬁ u.lgm’/( Concentration)J &“/'dg.‘a “U/uf‘(

1.7 k-
L"lgy//gdﬁéfd’ut&gz“_l/ALgLNaOH
¢ NaOH-u st Jb 250 mLL JH# e

I Yl

oSl F
(D 6#

ez /Uy (M)=

24

= 28 x 100

2 g£A+ 18 gﬁdg

=22 1100=10%
20g

=10%

(Mole Fraction)yS Js .2
L J# s S us L (Components 7 ALl
SSFABE AL vg/;!_‘abwg},,lﬁgﬁfuﬂr
BIAF nB/ﬂnA?fﬂ@;Iﬁd/u))’i uw‘g[}{p

Sundszwg /U B
S s Sudrd A

)!,L;"Ju)}”é J}L;
e S Susr LB

)U.JJU)’/L J}L!

(Molarity)<w ¥ ¢ .3
%lﬁcMLl/)"aJWJ'}L@JJL’:‘“U;LJL —
SIS B S b Ut

L ute Sl

oSl F
(DA EU#
1M € NaOH éuh::‘..@u‘g;m:éd‘}
bt J#K o M;géuuﬁ_9dﬁ
¥ NaOH X JFH 1. ¢ 1M NaOH
WEJFHLUEL L UF 0.2 Mo 322 1mol
-uﬁgdyo.zéNaOH
NaOHU " it J#0.2meJ¥ 1ML U1
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