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Atmosxhefe (air)

Hydrosphere (water)

Lithosphere (earth)

Figure 11 Environmental
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Table 11Environmental components
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- - . —— 10 km
Sinhv ast g rvgitt h v elrt blni
Sinhv d {k h u, Xms) t 100 km
Xacsinhv acth J] t Plastic Asthenosphere ook
______________________________________________________________ - m
Upper Mantle
(down to 670 km)
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thanhkhi sulfur dioxide (SO,(g)) t h

rakhig u y. Wn
C SO,(g) c6 t hbBNoxy hoda thanh axit
sulfuric (H,SO,) b Juncgc qua trinh
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=% Precipitation
Fossil fuel S R
emissions '

Lightning fixation
(NO)

Bacteria fixation Gaseous
(organic N) NH;

Eutrophication

Denitrification  se——
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C Héa h cmbi tr ng bao g m héa h ckhiquy nhéa n c,héa h ci _ ¥ ' 3 nh

ph thu c nhi u vao héa phan tich va lién quan i nméi tr ng' 3 nh cac , p, .

v c khoa h c khac.

CNO6' > liénquan i nvichiurdcach th cho ti ng c a moi tr ng khbng b 0O
nhi m, nh ng lo ihéa ch tnao cdn ngi t nhién va nh ngtac i ng gi.N u khong
cd i "unay thi khong th nghien c u chinh xd&c nh ngtac i ngc aconng il I
v imoi tr ng théng qua vi cth ira cac hda ch t.

C Cac nha héa h cmdéi tr ng d atrén nhi ukhai ni mt hoa h c va cac nganh khoa
h ¢ mbéi tr ngkhécnhaui h tr nghién c ucah v nh nggii® Xxyravi
m tlo i hdéa ch t trong moéi tr ng.Cac khai ni m chung quan tr ng v hdéa h c bao

g m vi ¢ hi ucac phan bng hoa hCd va céac phin"ng trinh, dung dcah, i” n vQ IKy
m xu va . bhu F&phan tich .
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th gico khil ng va chi m khong gian. m c tithi u, vt

CVHchiA la btc
tmthth (ti u)nguyén t ,m cdu huhtvtch tbao g m cac

ch t ¢ nitnh
nguyén t

C Nguyén
cac tinh ch thdéa h ¢ ¢ a nauvén t

tP la thanh ph nnh nhtcamtnguyén t ,cé6 i ci 'm la c6 chung
i Bva h t nhan c6 neutron, proton va electron

An atom of nitrogen. symbol N.
Each N atom has 7 protons (+)
in its nucleus, so the atomic
number of N is 7. The atomic
mass of N is 14,

An atom of carbon, symbol C.
Each C atom has 6 protons (+)
in its nucleus, so the atomic
number of C is 6. The atomic
mass of Cis12.
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C Nguyén t lam tch tma cac nguyén t ¢ andéi ucoé cung s proton, hay noi cach
khac la c6 cung s nguyén t .Cac nguyén t lanh ngch ti ngi nnh tv m thoba
h ¢ va khong th phan h y thanh cac ch t khac théng qua cac ph n ng héa h c
thong th ng.

CPhant lahtnh nhtc ah pch tcoth tntivath hi ncac tinh ch tc th c a
h pch t.

CH pch ti c hinh thanh khi hai ho ¢ nhi unguyén t c acung m tnguyén t ho c

kh’cnhui.cliénktho ckfh n theo nr '—E

ﬂguyan t , nguy?®°n .. 1

vz d,: H = Hydro, C Ogy

phon t° o®

vz d_,: Hai nguy?®°n t' Ho c 1

m t nguy°n t O = PR © 1

ne, c0f H Tr 60 g

Water
C h L1+t h A L.~ Ly ' h A &S Nn A ~ h L1+
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B"i tdp 1. C- thW ¢+ nguy®°n t , nguy?®n
nh€ h3nh d€ i L©y. D a v o L nh nghoa
t (a) LJ (f), trong L- ¢ thW c:- nhi

b/.
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n8p 8&8n B"i tdp 1. niQn t°n c¢c,a h t_ (a) L/n

2. atom element b molecule, compound

<. molecule, compound ¢ molecule, compound

%
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C- 118 nguy®°n t° h-a h ¢ L« biJjt, trong L- 94

n h © nk it &ootrondb ‘€

GROUP
1 1A
8 http://www.periodni.com
S RELATIVE ATOMIC MASS (1) B Metal By Semimetal [l Nonmetal
o]
A~ GROUP IUPAC GROUP CAS i & < <
A e i L. Alkali metal | Chalcogens element 1 14 VA 15 VA 16
S e .. Alkaline earth metal [l Halogens element I8 105116 1201]7 140078
ATOMIC NUMBER 5 10.811 iti . : .
2 [ | Transition metals L. Noble gas C N
SYMBOL —gup Lenthanide STANDARD STATE (25 °C; 101 kPa)
Actinikle s oas Fé -l CARBON | NITROGEN
Hg - liquid T - synthetic 15 30.974
3 ELEMENT NAME Al P

3 e 4 VB s VB 6 11 B 12 1112 | ALuMINUM | SILIGON. | PHOSPHORUS)

21 44.956 | 22 47.867 | 23 50.942 [ 24 51.996 | 25 54.938 | 26 55.845 | 27 58.933 [ 28 58.693 [ 29 63.546 |30 65.38 | 31 69.723 | 32 33 74.922

Ti A% Cr Fe Co Ni Cu | Zn | Ga As

TITANIUM | VANADIUM IMANGANESE| ; _zNe GERMANIUM/_ / 3
39 88.906 | 40 91.224 |41 92.906 [42 95.96 | 4. (98) |44 101.07 [45 102.91 48 112.41|49 114.82|50 118.71[51 121.76
& Zr | Nb | Mo | Te | Ru | Rh Cd | In Sn | Sb
NI 5 ) MIUI INDIUM TIN

80 200.59 | 81 204.38 82 207.2

Hg | TI1 Pb Bi

77 19222 83 208.98 ||

Ir

73 180.9!

Ta

72 178.49

Ba |La-Lu| Hf

Lanthanide|

|,_HAFNIUM ) - 2 = | L PLATINUM [ GoOLD L UR THALLIUM LEAD BISMUTH | | ) A
8 (226) 104 (267)| 105 (268) 109 (276) | 110 (281)|111 (280)|112 (285)( 113 (...) [114 (287)[ 115 (...) [ 116 (291)( 117 (. ..) | 118 (...)

Rg [ Cn | Uut | F1 | Uup| Ly | Uus | Uuo

(COPERNICIUM| UNUNTRIUM | FLEROVIUM | UNUNPENTIUM | LIVERMORIUM | UNUNSEPTIUM | UNUNOCTIUM

Ac-Lr [ TR{F Db

Actinide [0

Ra

Copyright © 2012 Eni Generalié

LANTHANIDE
57 138.91 |58 140.12 (59 140.91|60 144.24 |61 (145)| 62 150.36 [ 63 151.96 [ 64 157.25 |65 158.93| 66 162.50 [ 67 164.93 | 68 167.26 | 69 168.93 |70 173.05 (71 174.97

(1) Pure Appl. Chem., 81, No. 11, 2131-2156 (2009)

wenive samic mawe e orned vt | Y | Ce | Pr | Nd |Pm | Sm | Eu | Gd | Tb [ Dy | Ho | Er | Tm | Yb | Lu

five significant figures. For clements that have
no stable nuclides, the value enclosed in LANTHANUM CERIUM P NEODYMIUM |PROMETHIUM| SAMARIUM | EUROPIUM |GADOLINIUM| TERBIUM |DYSPROSIUM| HOLMIUM ERBIUM THULIUM YTTERBIUM | LUTETIUM

brackets indicates the mass number of the ACTINIDE

longest-lived isotope of the element. However

three such elements (Th, Pa and Uy do have a |89 (227) | 90 232.04 [91 231.04 (92 238.03| 93 (237) (94 (244)| 95 (243)[96 (247)|97 (247)[98 (251)|99 (252)[100 (257)[101 (258) (102 (259) (103 (262)

characteristic terrestrial isotopic composition,

and for these an atomic weight is tabulated Ac Th Pa U N[p Pu Am [ Cmn Bk Cf Es Fom | MId No L
MENDELEVIUM

AMERICIUM CURIUM BERKELIUM JCALIFORNIUMIEINSTEINIUM] _FERMIUM NOBELIUM JLAWRENCIUM)

ACTINIUM THORIUM _|PROTACTINIUM] URANIUM | NEPTUNIUM | PLUTONIUM
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C Kyh i vas trongb [ piginl otdu Foanchothéngtin n h sau

RELATIVE ATOMIC MASS (1) L. Metal | Semimetal [, Nonmetal
GROUP IUPAC 'GROUP CAS L. Alkali metal ~__ Chalcogens element
13 A | . Alkaline earth metal | . Halogens element
ATOMIC NUMBER —+
S 10.811 Transition metals L_ Noble gas
SYMBOL B Lanthanide STANDARD STATE (25 °C; 101 kPa)
R — Actinide Ne - gas Fe - solid
S Hg - liquid 1@ - synthetic

ELEMENT NAME
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Hydro Hydrogen la duy n h Biitné la nguyént L hgi M ét hddhg™ m, proton va m,
electron

Ki m kio@in no©lanh_ kil odkdt p h [ nn ga khdong x u Bt 't ndo trongt nhién. N h _ rkign
| o®Biyc hco m electron’ | . \p, ngoai; do L - ching s Jusang mblt. im  electron L -

khi lién k JJion v . dac nguyént khac. Kim| o i Qm® nh h h £ b Jjdac kim | o khéac.
Caesium va franciumlan h . mguyént p h [ nn gnY nr h Blong nhém nay

ao

Kim ¢lo#HyWn ti Jjp Cacnguyéni mhuytWnfpd To_. d u’ i) ntgh'dXhbi vanhinit @uiv Vv (
kiml o & h u ytWn§ pac electron héat c’ ehlng, h o Héc electron ma chings d_ n
L W /jn° p . dac nguyént khac,hi din " mhi Qum, t w.n©jlydot Gao
chingt h € tnhdW 'mn $ 't r Gtmagoxy hdap hbi JJn

Cacki m | o A, Ga&lh,§lc 7nguyént L € mhan| o Miac kim| o khéac, khénggi ~ miy€ic nguyént c huy

Sn, Pb, Bi) t i Khdngt hAWM 't m Gthdgoxy hoa thay '~ vid cac electron hdat ' ehingc hhi °
di “th_ w, ngodic. ehtng. Tbkdk [n h_ rydju nay L Qu_ ncgh d@hing c6 s “oxi
hoa +3, +4, -4 va -3.
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2.3Tomt dinhc h Blbah™ ¢ . aac nguyén t

A kim/ban kim| o Y A kim la cac nguyént L € ttmt h Wy theo L € rbgd thang gitp phan b i kirh | o ¥ phi
(B, Si, Ge, As, Sb, kim.n€ nngyl € «& .gi _BaronvaNhém L Jjranhgi g i _Palonium va Astatine. A kim

Te, cotinhc h Isit a [kim| o Wiphikim| o.Wi & 'kim| o @ih,3 h § n h €licon va germanium,
lac h Bénd X n
Phikim!l o Y i Phikim| okhdngcok hifi £ ndg¥ b i "hm Huch it "tfrdin g €©’vc kim | o ¥éc nguyént ‘phi

kim| o & gton. Cac phikim | otd"tn ihaitrong bat r Utmdgc . @ dat h BIth h il phong: khi
( n ho®) vac h bltd(nn hcabon). Ching c6 s “oxi héa +4, -4, -3 va -2.

nbihi Jm Bam€hrguyént 1 bhi /pbao g~ r h ulanthanide va Actinide. Chang la kim | o & h u ytWnJ] p
M tnguyént t h uc It ulanthanide va h ¥ b JJdac nguyén t ‘trong ¢ h uActinide I € @ la
trans-uranic, valac h bIf mg p o Hhbant Yo

Halogen Thurmlgihal ocgegblaac htbfitmu ~ vagach ™ p h slth halogenl € ¢ l@ad mu. i 0
T blt [cac halogen ' Qud 7 electron” | . \p, ngoai, mang | %i" oxi hda -1. Cac halogen la phi
kiml oVt " tn%in h il phong  c [bat r Utmdgc . a dat h bt

Khit r h T bit [cac khihi /EnQods | € alectront "Liacét hd& | . \p, ngodic . ehdng 2L " Vi,

Helium, 8 I " vi | ti B¢t[cac | o khéc), lam cho ching”™ nl~ wa&n g tching hinh thanh cac h ® |
c h blt
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C NOoi chung, cac nguyént ¢ . m, hguyént c6t hiWacnhauv x h 'l i€ n (

. vi chiing c6 s "neutron khac nhau.
Atomic Number J

i Atoril C Nh_ ncgh ld n hi @utron h h s &n Huntgh wva n Hunhgh rfvi d ; 1H,180
12.0111 M:sn:c n I—bnhgh AH,2%0vas & b | 4Yong quatrinhbay h h.i )
G CKh'li€ nguyént hohHscr In® ©g e nhguyént L€ tinh b Jun g
Symbol cach ¢ . nsgproton va s “neutron..
CARBON

ISOTOPES OF CARBON

CARBON -12 CARBON -13 CARBON - 14
[/ &a \\ [/ e &
Z = Protons 00 &t 00 © o @ Q O X ¢
A = Mass number ¢ ﬁ / |/ \ Y xg‘* y (? ¢ 1/
A = Protons + Neutrons \ \ "= / / \ N\ ™/ L 4 /
12 N\ “ S——— o / 13 \ - T — » / 14 _—
(O L e i

© = Electrons @ = Protons @ = Neutrons
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Cn  ng‘m, dUntgongs haihoHrhi @Hnag, aung m, tguyént ‘c6 cing s “proton n h ‘€©nkhac nhau

v @ "neutron.

C Nhi @quyént col € mguyént t hkphaihoHchi Qunwg  n  nwd,:

A 12C, 13C 14C clston — <=5 /-"" LN /f'_"é\ 14N 15N
VO N @y )

A 160’ 170’ 180 Proto —I\\—h@ j}. l'\_‘ \_\) .' l'.‘\ 'g:)h—jlt— Neutron 328’ 338, 348, 358

A 1H, 2H (D)1 3H (T) \\‘-——._-// \\.______ .// \‘x,_____’.//

Hydrogen Deuterium Tritiurm

C Vid,v @" nvgphéng x Y

Isotope Half-life (years)
3H 12.32
14c 5,700
S0y >2.11 10%
8Rb 4.811 10%

Find more in this source: National Nuclear Data Center, Brookhaven National Laboratory, NuDat 2.6 (2016).
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An” ng'phong x Ycac L™ nwg't nhién h o H
nhant Y, m, hguyént ‘héah’ ¢d h Urthan
khong = nl~ nph3n rd, phat ra tia alpha, beta
h o Hammachol JJkhiL dit€ lc.” 2" nh

ASTmhXmu cing” nl" nahl™ nw'khéng
phong x &£ . & hguyént 'khac, vid  radium-
226 ¢ u ‘cling phan ra thanh chi-206.

A SHhL™L™ nvgphong x ©

A r’]QD n\gu nl_,o

Lde.c

A Chco90h Ynhant 40 nguyént L F tién” n
" wignHh £ nlg€ .ng
A C6255h Yrhan” n° wk’ ki fftongs

marcdc L™ nvghdéah™ cot hod
h o Héhong cé tinh phong x Un h ‘©m d] ad tinh
phéng x &hi c6 chu k &an rd qua dai L W6t h

80 nguyént cd6m. ho Hchi IQunvg " nh

AShl™cacl™ nvg n" nvhd, n h €cbon:

12C

12.00000
98.89%

13C

13.00335
1.11%

14C

14.0
t'z = 5715yrs

Stable

Stable

Radioactive
Cosmogenic/
anthropogenic

by the
@ramme
n Union
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2.5 C blurtc electronc . mguyént
B [ ntgu fhaan cac nguyént v . thdng tin ¢ blhinh electron trong file pdf I 2 rkém nay :

== PERIODIC TABLE OF THE ELEMENTS - RELATIVE
: ATOMIC MASS

(g.mol }

ATOMIC NUMBER

TR0 78 195.084
ELECTRON .
3 [Xe] 4£5d 6s

CONFIGURATION ®
ATOMIC _— Pt
SYMBOL PLATINUM

ELEMENT NAME

C C blthinh electron md t [v 'tri ¢ . adc electron xung quanh h Ynhan nguyént . Vi d ; ¢ blainh electron ¢ _ &thium,
1s22s?, cho chang ta b i ] Rurditium cé hai electron” | . gon 1svam, electron” | . qon 2s.
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2.5 C blurdc electronc . aguyént
C Cbltric electronc _ aguyént qu ylJtmh fin tmhc h bkdah™ c©_ aguyént T -

Orbital filling: s, p, d, and f blocks

ORBITAL
FILLING

LANTHANIDES

ACTINIDES
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Number of electrons in each shell

2

18

32

t

duC

c h
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2.5 C bldric electron ¢ .

cacnguy °n

pguyént

Y SO 2u851 A Q&

Shell K

Shell L

Shell M

Shell N

Shell O

Shell P

Shell Q

1s /

2S 72p

3s —/—>3p /3d

4s - 4p . f4ad 7@
P L

5s - 5p/5d »7@

63/ 6p/*"6d (6f)

) 7p

t

duC

C h

1.C&inaoS ¢ ¢ 3
,oCU : 132822p6323p5423°

,gCU :18252p°3°3pb3d1%4 ¢!

2.CainaoS g ¢ 3
€ 122p323pP423d°

€ :1252p5323pP3ck

/ ¢ linh electron O q & b{Ee)tuan
theo quy f dzilackovskicon d y A
saoO ¥ ldah electronO q9$ HUY(GL)

f khongtuantheo?

bd n
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CKA _ 'H optPiddth ih ' ng khdong tuan theo quyt e Kleckovski.
— Anomalous electronic configurations

Grouped by periods and shown in correct order of orbital filling

Chromium [Ar] 3d5 451
Copper [Ar] 3d10 4s1
Niobium [Kr] 4d4 5s1
Molybdenum [Kr] 4d5 5s!
Ruthenium [Kr] 4d7 5s1
Rhodium [Kr] 4d8 5s1
Palladium [Kr] 4d10 5s0
Silver [Kr] 4d10 5s1
Lanthanum [Xe] 5d1 6s2
Cerium [Xe] 4f1 5d1 6s2
Gadolinium [Xe)] 417 5d1 6s2
Ptatinum [Xe] 4f14 5de 6s1
Gold [Xe] 4f14 5d10 6s1
Actinium [Rn] 6d1 782
Thorum [Rn] 6d2 7s2
Protactinium [Rn] 52 6d1 7s2
Uranium [Rn] 5f2 6d1 7s2
Neptunium [Rn] 5f4 6d1 7s2

Curium [Rn] 517 6d1 7s2



Cacnguy°n t dc ch bd nE=a- h
@ 22/116

INOWASIA

2.5 C blurdc electronc . aguyént
M & "vid_v @ blbinh electron

169 & 182282 2p® 352 3p* (ou [{(Ne] 3s23p* ) ; Nv=6

17Cl 1 152 282 2p® 3s2 3p® (ou [;(Ne] 3s? 3p® ) ; Nv =7

7Cl7: 152 282 2p® 3s? 3p® (ou [;,Ne] 3s? 3p® ) ; Nv =8

oCa : 1s? 282 2p® 3s? 3p® 4s? (ou [1gAr] 4s? ) ; Nv =2

21SC 1 18? 252 2p® 3s? 3p® 3d"' 452 (ou [gAr] 3d'4s2 ) ; Nv=3

,7C0 : 152 252 2p® 3s? 3p® 3d” 452 (ou [zAr] 3d" 4s? ) ; Nv=9

,7C0%* 1 182 252 2p® 3s? 3p® 3d” (4sP) (ou [{gAr] 3d” (4s°) ); Nv =7

5,Ge ;152 282 2p® 352 3p® 3d"%4s2 4p? (ou [,5Ar] 3d1°4s2 4p? ) ; Nv = 4

57Rb 1 182 252 2p® 352 3pf 3d194s2 4pb 557 (ou [;5Kr] 5s' ) ; Nv =1

14RU 1 182 252 2pb 352 3pf 3d104s2 4p® 4d° 552 ( ou [4Kr] 4d®5s2 ) ; Nv =8

2 RU** 2 152 282 2p6 352 3p® 3d104s2 4pf 4d* (5sP) (ou [45Kr] 4d* (5s0) ) ; Nv =4
g3l 1 152 252 2p® 352 3p® 3d"%4s? 4p° 4d109 552 5p° (ou [;5Kr] 4d'95s2 5p° ) ; Nv =7
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2.5 C blurtc electron ¢ . mguyén't

C 1 18222 V, electron c

L shell

Shell
@ -Electron

@ -Proton

{__ -Neutron

V, electron ' Yd i "cimo nguyént "carbon.
CoO 6 electron va 6 proton:

L. pr.t hnhbBK)LFyYhch B€ @
electron.

L, pv,t h hai (L) cot hewh_ Hf \y_ 8
electron n h €ncghcd 4 electron.

cacnguy °n t dc

aguyént

Cc h

of te Euro

23/116

V, electron ' Yd i "cho nguyént L™ n §6 29
electron va 29 proton:

L. p hnhHK)c h IafF §_2electron.

L, w.,t hhai(L)c h_ Iaf ¥ _ 8electron.

L, w.t hba(M)c h_laf i 18 electron.

L. w,ngoai (N)c hc h_ helectroncot h W
d, dangtachrak h nguyént .

Too To Joo T
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2.6 Tinhc h Blbah ¢ _ aac nguyént °

Th AL nnienhéat hn h Hitn £ n g
| € ©§ h hilJVach electron it

lién k /]ja h Kuth 8 h Hth nguyén
t .

Vid :HA H+ +e-

ThJlon héa t h hai, t h ba,é
L€ xacl mnkKEhnog.g

las ‘| € electron b tach
rahoHc€ @A dbldKmI| oY
chuytwWniip<€ coqnhi Rhn

m, hoéat rVid : Fe(ll) va Fe(lll) FIRST IONIZATION

POTENTIAL

. First ionization potential of the elements.
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2.6 Tinhc h Blbah™ ¢, aAc nguyén t

Ail lci ‘tnlat hel ok h@tntgunhdmni tre, @, hguyént L Wh-lam, khain i ‘nm. nlg€ .mg mhg h ¢ ¢
chinht h néurdr °ura|gl ki ‘tnlal € ng nlg~e t\@ @i phong khi m, “electron Le tbém vao nguyén t .
Hf tn I]ctac nguyént co6 xuh €, mdpblh £ nl ge khgn h dtmem electron. M, 5 ‘nguyén t thi khong. Cac nguyént

n Jvm géctrénbénp h [ci, B I,' ntgu fhoan co ¢ hs E.A. cac giat 't hel € gtimt h wlye, di Y nagion) trong khi
cac giat r ‘géc d © ben trai co E.A. giat ('t h €L €gtimt h Wye, di Y ncgtion). M, p h €ht L
trinh EAs & h €u.

X+e-->X1+EA. Thongt h € Ing lcd Jnetectronvolt.

Khaini nmamLli L@ dpJ/Jk hifft ncg m hguyént lién k JJkéo cac electron v @hia chinh no.

N6 L €° Lc miyg hlak h f £ ntgeh i gd. @, hguyént trong phant L Whu hat cac electron v @hia n6. Khi cac
nguyén t lién k J] tac electron L' € ahias T o ‘Hoch u ygielo. Nguyént co6 L amLi canh hs &6 n hi &keatron
h h.n

nWot hddcl  mdcgiat 1 amlL i "Lni,Quant r  lamh I,T]wan sath o Wt ncg eac nguyént ‘trongt r UYtnag
Ilenkl]DoL cac Khit rthh € khémg L € kti Wicacgiat £ amLl i .. n
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-

Electronegativity and Bonding

ORONMCD

Oxygen Oxygen AEN Nonpolar
EN =3.44 EN = 3.44 =3.44 - 3.44 => covalent

-0 f bond

S

Hydrogen Chlorine AEN \ Polar
EN=2.18 EN=3.16 —316—218 => covalent

=0.98 bond

‘ @ o @

Sodium Chlorine AEN

lonic
” bond

EN =0.93 EN =3.16 =3.16—0.93
=2.23 f

e Co-funded b
C h b ¢ n MRl Erasmus+
o of the Euro

Polar covalent
Non-polar bond

~ covalent bond 5 lonic bond

6+

) ® e o L

Equal sharing of  Unequal sharing No sharing of
electrons of electrons electrons in bond

Increasing difference in electronegativity

26/116
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2.6 Tinhc h BHlbah ¢, adc nguyén t ’

Thang L oPauling lathang ' ogiat - amL i L < d_ npgh'bi M bQ4c phéptinh L € < d_ nlgW Ylt € dic con
s ‘trong thang L or Bpth tcUpi Qunbi M Hdtc hc Fbhi Wgu . ah_ mhgptinhL - Thang L od . &én Floco L
amLl i | nmh Mt giat #,0. Nguyént Franciuml € gangiat L amLl i 't m bigh H&t0,8. T bkt [cac giat khac L Qo bim
g i _cacthaic  oay.

Vid :Li--1.0 Be--1.5 B-2.0 C-2.5 N--3.0 O--3.5 F--4.0.

1
X = _ 2
X,—X,=0.102,|E, _—(E, .E )

XA, XB= n, ©m Li n c_,a nguyXBx t° A v~ B

Ea=Ntng I € ng |1 %A kJt c_,a |i°n kIJt
Ecz=Ntng | € ng |i©°>B k/Jt c_,a |li°n kIt
Ex=Ntng | € ng |i°>B kfJt c_.,a |i°n kIt
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2.6 Tinhc h Bléah™ «c .
Thang L oPauling

Thang L oPauling lathang ' ogiat - amL i L < d_ npgh'bi M bQ4c phéptinh L € < d_ nlgW Ylt € dic con
s ‘trongthang L or bBpth tcUpi Q@uhbi M Bitc hc Fbhi KAdu E, ah_ mphgptinh L - Thang L od . &én Flocod L
amLl i | nmh Mt giat #,0. Nguyént Franciuml € gangiat L amLl i 't m bigh H&t0,8. T bkt [cac giat khac L Qo bim

g i _cacthaic  oay.

t

aac nguyén t

duC

Vid :Li-1.0 Be--1.5 B--2.0 C--2.5 N--3.0 O--3.5 F--4.0.

Cc h

Electronegativity Values for the Elements

I:I 20-24

| B
. Lr-14 I:I 25-29

(Pauling scale)

bd n

5 f 7 B Q

B C N F

|:| 15-19 I:I an-4.0 an a5 Y EF:j 40

13 14 15 14 17

Al Si P 5 ]

15 1.8 21 25 an

24 5 26 7 18 9 a0 il 32 a3 H 5
Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br

1.6 Lh 1.7 L7 1.8 1B 1.6 1.7 19 21 24 28
42 43 44 45 46 47 48 49 50 51 52 53
Mo Tc Ru Rh Pd Ag Cd In &n Sh Te I

1.6 1.7 1.5 1.8 1.8 Lb 1.6 LA 1.8 1.9 21 25
74 75 76 7 T8 e ] E1 #2 83 H4 A5
W Re 4 Ir Pt Au Hg T Ph Bi Fo Al
15 1.7 1.9 1.9 1.8 19 17 LA 1.7 1.3 19 21

Co-funded
Erasmus+
of te Euro
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26 Tinhc h Bléah'

cy=(IEv + EAv)/2

Chs 'vbi Wim t r Gtmdghoat c© .t h W
n. amLl i Mallikenl € ki Wilt'r t ¢ B)unlghm n £ nlg€ 1 d € laedectron volt.

C.

t

duC

adc nguyén t °
R.S. Mulliken (1934) ' & u It thang L, am L i ‘trongl -L amL i ~OM,coliénquanl JJ&il

Cc h

bd n

Erasmus+
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lci t "EAV( t h €. oc
xuh €, rtg m, hguyént 't Utbanh loaiam)vat hnjt niapnhéalEv( t h @ ow h € g @, hguyént . Dguyén
t I W Utbanh m, loaitichc . dheop h ‘€ hmirth:

Element Al Ar As B Be Br € Ca Cl F |Ga Ge H |I |In K |Kr |Li
Xm  [1.37/3.36/2.26(1.83(1.99 3.242.67[1.30 [3.54 4.42 [1.34 [1.95 [3.06 2.88 [1.30[1.03 [2.98 [1.28
Element Mg N Na Ne [0 [P Rb S [Sb [Se [Si [Sn [sr [Te [Xe
Xm  [1.63[3.08(1.21/4.60 (3.21 2.3910.99 2.65 2.06 2.51 [2.03 [1.83 [1.21 [2.34 [2.59
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2.6 Tinhc h Blbah ¢, aac nguyén t

Ban kinh ion
Cation c6 ban kinh n h _h h rmnion. Néi chung, ban kinh ion g i [kii L i "tioh d €h ntgk nB@an kinh ion r btuan
tr hgv, ¢aicphl nnd kdanh<® thayt htfongmUngnht h W, hoatanvat " It k h u Jjtérh

0.192 ¢ 460 Comparison of some atomic and respective ionic
. ‘ radii (in nanometers)
: 2 ).’- Fl-
Li" sl 5’ cH No+ @ 5 N ¢
% mg:- - | -
) j o §4 -
Na' v Al W si? 0095 0065 | |p ™ \|d
24 hl 24 3t '4 ,-‘ - "
al Pai B s cr''[Mipe** | co INC [ cuttpn B LS Se* | B
’ 34 gt g5
LBl b o R IR (R AT, N
Rb S . +f - 5t 4+ LA OSC" I’J‘p"“ I+ I .s«:,o' Te |
) Hf | Ta |W |Re Ag il Bi” po |t
el [T EE o g
il pa* U’ ;
- A(_H Th Al
1+ B Ra’
id 0.125 0.125 0.128 0.133 - 000N C089,00/2

N o F

=
%%%.°, XX
Co*. Ni2* = CozdaiZnas 0.171 0.140 0.136

» 0.074 0.072 0.072 0.074
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Oxygen slightly negative

Polar bondlng

| J

Hydrogens slightly positive
Polar (+)
covalent (_,
in water “)

Water molecule é(ﬂ

duC

Co-funded by the
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Lién k Jld  nhpat rcéac electron bén ngoai

c. &ac nguyén t lién k /Jh Jmrong q U :

' § tai bao g~ me [hai nguyént .

Do L', am L i " khac nhau nén lién k JJj¢ ., n g
héat rt h€ ndgc c>t €hnacl € ng
c . ¢ t ©htacgvan der Waals)
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2.6 Tinhc h BHlbah ¢, adc nguyén t ’

C Lién k JJkim | o:‘céac electron héat r ° Mm"l/o o .
khong liéen k /] . b bk e&hguyént L hh Bao Nuclei
nhencgtinhdilL, ng m
CLodYiénk /jray itquant r~ ng Hecm /‘o
trong " rdah’ & h réc lién k JJkhac. W
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Mole

C Vim mXw da h bihht h<€ cnhg na 6§ | € n Hit, gdc nguyént nénchingtall « Yram, Ehel d € nc
la mol L WL J] mhing. M, tnole ( v it J4& mol) Ia con s "b unsg nguyén t cachon c6 trong L ¥2n1@g *2C nguyén
c h blt

C S ' nayg las "Avogadro N, ==6.023 202,

C M, molc, m, €t hiBiol -baog” M™N,=6.023 202 hwc,6 ah Kt

C Vid,m, tAt r _ add@2quf{r_ mgiolt r addl,=6.023 202qufr_.ng
C S molnguyént h o HicU n

C AMal ech Ylat dip” g~ m, s h 4N ciang! o Gguyént phant ign,é )L €  ahiathanh s | €  khdng
I * Avogadro NA.O

.umberfparti cNes
NumbefAvogadRNp 2 22
121863

VD1:S’ ént N=1231028 Y n= A€ a Qi
S nguyént 0 n 502 31 82 cace a Qi

Tavi fE
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Vid ,2: D, aaocongt h c¢ @l uc Gz, 04 tacdét hiWeaa n h dxét sau:

1phant gl ucohlz anguyént C,12nguyént Hva6 nguyént O.

1molg | uc oz amol nguyént C, 12 mol nguyént H va 6 mol nguyént O.

10 phant glucosec h 68 nguyént C, 120 nguyént Hva 60 nguyént O.

10 mol glucose ¢ h _ 68 mol C, 120 mol H va 60 mol nguyént O.

B bk 8 € gluwosendaoc | ncgh sanguyént CvaOb Jnngauvag bIp L'si ‘nguyént H nay

B bk 8 € gluwosendaoc | ncgh sa'molnguyént CvaOb Jnngauvag bIp tsi ‘mol nguyént H.

Cac phant N,c _ @lucosec h_6axnguyént NAc _ @ 12xnguyént NAc_ Hva6xnguyént NAc . Q.
Bait dl 5,6 g Fe c6 bao nhiéu mol Fe? C6 bao nhiéu nguyént Fe cotrongmX u ?

Bait d21,56g!| €huu 8 ndthao nhiéu nguyént | €uu 8nh ?

Bait dpKh I i€ tingb Jngg . Anguyént natrila bao nhiéu?

DY+t AIAIK h 1T i@Q° Bh&hir Qndmr h ~arna c mal ~A franc 10 O A EaD
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Tr D 170 1:

Theo L nh nghoa, 1 mol Fe I 56,0 g. Do L- 5,6 g Fe | " 0,1 m
0,1molx6,022x102nguy°n t6022mdd¥nguy°n t

5,6 g sdt kh!'ng phTli | © nhi Qu sd&t. Tuy nhi®°n, ngay c[ | € ng
Tr D 170 2:

Ch%ng ta c¢c- thW t2nh s° mol | €u hu8nh t_ tr ng | € ng nguy°n
nguy®°n t L€ ¢ I bly t. S° Avogadro, NA.

mol S =1,56 g x 1 mol/32,06 g = 0,0487 mol

nguy°n t S = 0, 048nhgmyl° nSxX9B38l0FR2Qux° 10t

Tr 17 i 3

N J]u ch1/4ng ta biJjt kh'i | € ng c.a 1 mol Na v°™ ¢ Dbao nhi°u ng

kh i | € ng Nguy°n t° Na = 22,)09ng@uWard mol-2xmg. 3, 8nb7 /X 61 ®23 x 10
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Q

Tr [ | i 4 .

° ~

T2nh s° mol Fe noO©y | " <LhumoMn mong smumolccaaS.S th"nh kh i | € nén
.

mol Fe = 10,0 g Fe x 1 mol/55,85 g = 0,1791 mol
mol S = mol Fe =0,1791

gS=0,1791 Sx32,06g S/mol=5719gS
N8P S§BhosrHu724Ng250840F€4)

D d4r°n tr ng Ih@ydldicph©n t"ng |~ m t ph®©n t |1 . n ch_a nhi Qu nguy
m, i nguy°n t c- bao nhi°u nguy°n t . Tuy nhi°n, ch%%ng ta [a€ ct |
viJJt cl'ng th_ ¢ c¢c,a m t phon t huy/Jt sdc t° nh€ sau:

Fe,X, trong L. X LYi di " n cho tdp h'  p tbit ¢[ c8c nguy°n t° kuhggtaco «
t hW nmolNwv€® vdy 1 mol huy/]t sdc t° c¢ch._ a 4 mol sdat. T€hng t , 0,5
nwW c¢c- L€ ¢ cOu tr[ I i bdt bu,c th. hai, ch¥%ng ta chuyWn Lngl & h
pho©n t

mol Fe,X = 0,128 g Fe,X x 1 mol/64000 g = 2,00 x 1°6 mol

N6c h 4a200x10-6 mol sdt. S° | € ng nguy°n t sdt thu L€ ¢ b3ng s Ay

S nguy°n t  -Bmol Fe4X2x DOniol Fe/l moDFe4X x6,022x1023nguy °n t Fe/ mddinghig= n4 t 82 Fx
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S " Mol (M)

C N” nly, mol (M) lam, Lhmn nLg L€ Lc° miy hlp @wnsg mol c h B&h chiachos “litdungd "~ cfihmo L o L.
vec, mocl ncgt hiwe' i Wuan M o Hvo | trdng khi 1 M = 1 Mol = 1 mol/L

N n ¢  mol

C N” ng, mol(m)lam t Hinhc dungd vl €’ Ic’ miy hlds molc h B&n trén m, kg dung mdi. i mo | ./ k
nhwec, acl ncgt hiwe’ Ici Waafn nh o Hico | arong khi 1 m = 1 mol = 1 mol/kg.

L ey: Trongcacdungd todng ( d €0,1iM),L -lat r €hno_. Bf b /Jdac| odl¥€, rcg F m, nlg mol va mol cé
t hWe” aoila b unnbauchoh F b JJddcm, & 2 ¢ h

C Thong t h<€ ngnlyg L ol € ttong phan tich n ©, tong phong thi n g h i [ @ cdo cao theo L h v kh i
| € n gtich rhhM&g/L h o Heg/L. Vi cdwuyLWr‘u L hn ‘mol/L sang mg/lL c6t hiWwe” tch hd ‘brRuncdgch s
d., ncgngt h c¢c ah hvacot hiwe' tch hd 'ni €au:

1 1000 m
% x formula weight (miol) X Tg = % Eq. 2.2
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C nlkhlkJ]cIUKetnghlLfm B0 cao d €, di 4 npgh ftnr i(ppra) h o Hoch j—'tn(ppb) nhw ppmcot hiIWe i
lamgc h Enhtrénm, t r imgdungd’ thlml-mgchﬂfhntrenm kgdungd c h

mg solute

m = —
PP 10° mg solution

_ me me Eq. 2.3
ST 2.

C T€hngn™ nlgppbl € Ic” mhy hlg:a
ug solute

b
PP 10° ug solution

Mg HE
kg~ L :
C Trongh f h/JdacmX w €, rcg ir, 1Ny negy ¢, aungd (glﬁbE;ﬂl&)@lkg/LvaVI Canb%nng nlg k h " i
Ie n\ga/klhlre nga/hkgﬂyv ¢ac dung d ¢RI Hbhmh®e Ic’h o Hoc€, mu " ¢ § ph finh L /] n
t r In@ négg c. @ungd ¢ h tdhic huylWgi n3 nigk h1i n@khbli€e ng/ kg
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C n Winh toan L' i ‘hda, s "d. nLghnLehdge tleglllthol—bullL‘ehnge wég lit. M, t €hn e n@ M [n
lam ol L i ‘tich.n hnv eq/L vameg/L L on” nlg L i ‘tich lién quan L JJ o h b&n ion va lién quan ' Jjn nlg,
mol theo p h ‘ehumrgh sau:

eq 1000 meq

L L

Eq. 2.5
mol
= T X |Charge|
AL ‘egl N™ nig L € i Wlhb.Q\Jncull_bUII LT Y Iall myC hugnah .

Vid, 3: Baocdoc, ehuyéngiat @ blhikén™~ nlg, SO,/ 2trong mX wn ‘€, la 60 ppm. C h u y Wnri6 thanh mol/L,
eg/L, vameg/L. Gi § dungd @ K, lgédng, 60 ppm & 60 mg/L.
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caut ri[ ci, aid,3:

Phant | € agabngt h cg 80,2 |

32,06 + (41 16,00) = 96,06 g

S d, nsgnayvas dup /] $ih €htirh. 2.2 chob i 't nlg mol :

mg  _mol & _625x 10 2

60 X X
L 96.06 g 1000 mg L

Ve Li ' n tp22ddi 2c . n@@ nS@<€hng | € ng/l 2t | ":

6.25 x 10_4 T X2 — = 125 x 10_3 f
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Bait h hanh2 M, thait h tigh ¢ h H2SO4cén~ nlg 49 ppm. Ch u yIWn$0O,2>va H*
thanh mol/L vameg/L( n Gusl r omgppm a 49 mg/L), vatinh L pH c . @d,trong L -k h " i
| € nggyént ¢ . K= 1g/mol, S=32g/mol,va O = 16 g/mol.
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Bait h hanh2 M, thait h tigh ¢ h H2SO4cén~ nlg 49 ppm. Ch u yIWn$0O,2>va H*
thanh mol/L vameg/L( n Gusl r omgppm a 49 mg/L), vatinh L pH c . @d,trong L -k h " i
| € nggyént ¢ . K= 1g/mol, S=32g/mol,va O = 16 g/mol.
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Practice 2. A glassbottle containsH,SO, with the concentratiorof 49 ppm ConvertSO,> andH* to
mol/L, andmedL (if assuminghat49 ppma 49 mg/L), andcalculateits pH, whereatomicmassof H=
1 g/mol, S=32 g/mol, andO= 16 g/mol.

n § @nbait h hanh 2:

Kh'l i€ obggt h cg H,SO,la: 11 2+32+ (41 16)=98¢g

H,SO, Y 2H*+ SO?

S "mol H,SO,: n=m/M; C =n/v=m/(vl M) =Cm/M=49/(98 1 1000)=51 104 mol/L
Vdyp nigmolc, 802 :51 104 mol/L

N” nlg, SO2tinh b uneg/L: 5T 10741 |-2| mol/L= 10"3eq/L h o Hianeg/L

Khil -n™ nigmolc_ H+=2[(SO2)=21 51 10"4“mol/L = 10"3mol/L

N™ nlg, H+ tinh b uneg/L: 10731 |+1| mol/L= 10'3eq/L h o Hianeg/L

Tinh pH = - log (H+) = - log (10"3)=3
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3.1H6ah  &higuy Wn
3.1.1Gi tihiv Qhigu
- ATMOSPHERE -

" eXOSPHERE

THERMOSPHERE
WESOSPHERE

OZONE LAYER

\ectorStock”® VectorStock.com/27144235
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Exosphere

3.1H6ah  &higuy Wn

3.1.1Gi .tihiv @Qhiquy Wn
C Khiqguy \Wre’ It mly hlala, Khi bao quanh tréi ' bht o Hoanh tinh khéac.

Shuttle

Thermosphere

C Khiquy Wn @il bltaog™ m_ Lt oéht! . (om.l i gdl HE i Wéng):

A TFnlg li €U L cao~20km (khuv A c6conn g €vaicac sinhv dkhac sinhs ~ na@ s
c h u yELWnnkgoéng khi va hinh thanh may)

A TF nlgnh!| €W  cao 20~50 km ( t Fazape trong p h Ywvn15-35 km, n ht blp hp h FIn n
b g Wac tmt MHt r i)

A TFf ntoung!| €um cao50~85km ( n lmah f b Jjddc thiént h Yle @b~ chay)

A TFnrghi:n tcao85~690 km (khuv . mab F khiguy Wionhéab b & UnHit r° i) 1 eteors

A TF nnpgoai: n cao 690~10.000 km ( t Ftrémcung, b F khig u y Wn nlyiva hdoan h dvp, i
khéng gian lién hanh tinhva hi Jkhi L € ki Jfidot hinghiénc .uNgoaira,t f may
bdit Fu€htagv, i r € Sidby . Banhtinhkhit .t r € cn danhtinhc hi Su h)J]

\

Aurora

Layers of atmosphere

6 - 20 km

Ne—
SN

0

Mount Everest

Troposphere | Stratosphere

f
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CH-a h ¢ klhw2
c8c h”"nh tinh
Thanhp h Fhdah ¢ .

ny, uty Wnk B a A
k h8c
khig u y Vihdi L blt

L e ¢

Gas Concentration”*
Nitrogen (N5) 78.084%
Oxygen (O,) 20.946%
Argon (Ar) 0.934%
Carbon Dioxide (CQO,) 0.037%
Water Vapor (H,O) 0.01 to 4%"
Neon (Ne) 18.2 ppmv
Helium (He) 5.0 ppmv
Methane (CH,) 1.8 ppmyv
Krypton (Kr) 1.1 ppmv
Hydrogen (H,) 0.5 ppmv
Nitrous Oxide (N,O) 0.5 ppmv
Xenon (Xe) 0.09 ppmv
Ozone (Os) 0.0 to 0.07 ppmv!
Nitrogen Dioxide (NO,) 0.02 ppmv

*Concentration units: % or parts per million by volume (ppmv)

(1 ppmv = 0.0001%0).
THighly variable.

45/116
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3.1.20n hi kming khic_, Bhig uy Wn

C Onhi kindng khicot hive™ E° nnhghtha hi dni "cn aic h Uh o Haéc ¢ h B6 h Ukhac trong khi
qunrm cgay nguyhi Wamos _ & h . e

C Chhyaydnhi cdnt hlwcach Ut g j cth Bt rhgo Hiil JJh _n g u nhant Yo Hic nhién.
C Onhi kmdngkhil € gayran h € hdho?

AHF hJadnhi khtmngkhlladoL nhién | i héat h 4 @Hat t h CO,), ch3hg nh@an, df Kkhit nhién va
Xt nlgW [ xu bl vancungc blpt nlg€” ohgcacp h €hmigv dah uy Wn

Pollutants

| Gaseous I | Particulate I

Oxides of: s Dust
* Sulphur * Mist
* Nitrogen * Smoke
* Carbon
* Hydrocarbons
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3.1.20n hi kming khic_ &hig uy \{H)
C Cacc higaydon hi khongkhil € phanl old$ k¢ blp o Hich¢ blp

ACacchHtnhi stcblph€ Ih@® tcUmat m tguatinh,c h3mh&nh®@t _m w_phuntraondil ~ &hi
carbon monoxide t _khit h Xeic kg i h © Hbalfur dioxide va NO, t h fat _cac nha may.

A Cacc h Bin hi t mmc blkhéng L €’ ghatt h{r tc. fq:pung hinh thanh trong khdong khi khi cac ¢ h BN hi s m
c biph [_on b o Hheeh o Vid ccach Yg €h ma, cac g i axit sunfuric va cdc mu nih €H,),SO,.

Sources of Emissions of
Air Pollutants

Agriculture Other
10% 2%

Commercial and
Residential
Heating
1%

Consumer and
Commercial
Products
8%

Industry
52%

Transportation Fertiizer . .
27% :

Industry, Power Plants, Sewage Treatment
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3.1.20n hi kming khic , khiqg uy \{) prinary Polltants
cCac Oxitl €u hu8nh co CO, Secondary Pollutants
C Oxit] ©uu 8tk tcUrakhil " nhiénl i hoat h Uch la€u s°zv':)%sN°z 4
hudg8.rokitp hb i A lhiongs "I -la sulfur dioxide. o W

Tac h Yd . Sulphur dioxide:
C Khinay gay ' | cho sinh v dgs " nwg gay hens uy viégm p h J] g
qulkhit hl ' nmgg € | '
C. t h vedh', nlg Sulphur dioxide cao lam chon _hoac .  nlgdi % |
vak hicimgr . ncgl,nhrchuk &inhs [ @ laoa.

2S0,(g) + Ox(g) Y 2S04(9)
) SO3(9)*+H20(1) Y H,SO4(aq)
C Sulphur dioxide la thanh p h fchinh trongs ‘€h nkgdéigayc h g € i

C S hi dn cn eac h Yttong khong khi b ‘6 n h i s Bdc tac qua trinh oxy héa Sulphur dioxide thanh
Sulphur trioxide.
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3.1.20n hi kmdng khic . khiq uy \{i®)
Cac oxitnit h

CH, m° ghig® mi waoxy., L caol , khi ee oo oo
b’sét ' § nehing k Jh° w, dhaut Ytanh o 38

oxitni .t h Nitrogen Oxygen Nitric Oxide
C Haitrongs cach phisial 6 dnhcaonhbk =2 L) * % e
12 oxit nitric (NO) van i tlidxide (NO,). ° o
2 NO + 0; - 2 NO,;

Nitric Oxide Oxvgen Nitrogen Dioxide

¢ Cacl o khi khac t h unhom nay la dinitrogen N, (g) + O,(g) ¥ 2NO(g)
monoxide (khi c € INJO, dinitrogen trioxide

ini - NOp h [.nn gqigay v, oxyt Ythanh NO
(N,O;) va dinitrogen pentoxide (N,O). phl.nnaggayv, oxy )

2NO (g) + O,(9) Y 2NO, (9)
T & s [ sinh NO, nhanh h h rkhi oxit nitricp h [_.nn ¢ , |
ozontrongt £ romh| €u

NO (g) + O3(g) Y NO,(g) + O, (9)
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3.1.20n hi kmdng khic . khiq uy \{i®)
T8 cC

hdi ¢ a h  p chblt Nith oxi't

C Khéimumaul _khéc h™ o h_. mdndgiaothdngvaunt di@dooxitni .t h
C N” nlg, NO,caoh h s 8amh , nlgcayvalamc h dtm Lc quangh’ p

C Nitrogen dioxide NO, lac h lgay kich. n @ h'cdt hd\ b JJh~ nhd h blp blinh* t ref.

Oxide Oxidation Physical Structure
state appgaranl::e NQ_D4 +4 C.O|D!_JF|ESS \N—N //”‘{)
of *N* Dinitrogen liquid
tetracside ﬁ'(:n
Wisl®! . colourless Nz N—»0C
Mitrous oxide gas MO ) brow '
MO Mitrogen Jas C/N\O
Mitric oxide +2 colourless N= 0 dioxide
N203 | MN20s L5 colourless | o 0 O
Dinitrogen +3 blue solid O\\“N_N Dinitrogen gas KN/ \N -7
trinxide pentaoxide O{f’ \D
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3.1.20n hi kmdng khic . khiq uy \{i®)
Hydrocarbons

C Hydrocarbon ¢ hbao g~ rhydro va carbon va L € |c
hinh thanh do qua trinh L ° ¢hay khoéng hoan toan
nhiénl i [ @ s d_ ntrgng b to.

Hydrocarbons

/' \ C Hydrocarbonlac h lgy ungt h €hjing gay ungt h.€

‘ . C Chung gay h Ydho cay t r ~ In3gncgch gay &0 hoa,
phav cacmoévar _ naghoa va canh.

\U

Hydrogen Carbon

+ Complete combustion complete Gomhl.lstiorl

- Alkanes react with oxygen to produce carbon dioxide, water and energy

rbon Carbon monoxide is the
fuel + oxygen — carbon water Carbon dioxide and water are
Y9 dioxide Oxygen the products of complete product of incomplete

d » .. o . i a‘ CH, + 20, — CO, + 2H29 from the alr combustion. combustion
CH; + 20, —>» CO, + 2H,0 +energy ‘ ’. ' ’ \ L\A /
Incomplete combustion CH4 + 02 = C02 ¥ H20 T CO + 02

+ Incomplete combustion

- Alkanes produce also carbon monoxide (poisoning) due to insufficient 0, er' + Oxygen — Carbo_ré + water + Carbﬂn T Séiffa oxygen goes through
monoxiae 2
Methane, the principle combustion without reacting. This
. + +
4 CH4 + 70, 2CO 2¢C0, 8H0 C_sz + 20, — CO + 3H,0 + C component of natural gas. percent of excess oxygen informs us

_ ’ ‘ ‘ about the fuel-air mixture,
Sackheim’s Chemistry: Chapter 15 b ) - P Y
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Oxit cacbon h o H@xocarbon

C M. oxocarbon h o Hogitcarbonlam, h™ p h lBdah”™ ¢ hbaog™ marbon va oxy.

C Carbont Ytbanh hai oxitn " ti i JJanGarbon monoxide (CO) va Carbon dioxide (CO2). Ngoairacont Y o
thanh cacbon suboxit (C;0,).

e 09090 000

Nitrogen 78%

CoO CO> C20»
Carbon Carbon Carbon
monoxide  dioxide suboxide 4 g 20%
COOH

3CH, +P,0,p —— 3G0O, +4H,PO,
| Phosphorus IV)
COOH oxides
malonic acid

Carbon dioxide and
other gases .03%

Inert gases (mainly
argon) .97%

Water vapor 1%
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3.1.20n hi kming khic , &hiCac q u y (it
Carbon monoxide (CO)

Carbon monooxide
binds very tightly
to hemoglobin

C Carbon monoxide (CO)lam, trongn h_ md Ay o n h i e e o
khong khi nghiémt r ° mhgbN6 1a m, t o khi KhONg MAu oxygen and carbon dioxide
va khong mui.

"“

CN" nig. t nhlen c. &O trong khong khi la k h o [ (X ’
ppm. Cacn g u'C@t nhién baog muil  vachayr . n
Cac n g u kimac 1a qua trinh L~ thay khéng hoan toan
carbon, khi t h p itd, L °~ ¢hay khdong hoan toan than, c _,
X £ nwv.. Hemoglobin gy plood cell
Gn fn e( nca, Q0 L ” gonng e“: i Oxygen and carbon dioxide

CN6 lien kJt v, i hemoglobin L W t Yo thanh cana lonpes:he caried
carboxyhaemoglobin, " nl"° rhhhrk ho 3091 fsov, €S t hihJuxynayd B JJhalfu,H w/u,
ph. & poxy hemoglobin. Trong mau, khi n” n¢§ . ct ntgh 3Imagr lio Ym mUYc.h ph.n_ hat
carboxyhaemoglobin ' Yk h o [3s480,k hif L nvgdah uy Winh u n'¢c nlg CO trong maut £ re@t hdAly sinh
oxyc . @maug i [Lnmi bBithi.Qu non,s Xthait nhiénvat rsUsinhbdt dt
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3.1.20n hi kmdng khic_ &hi g uy \{n
Carbon dioxide (CO,)
G CO, la ¢ h i khong mau, khéng mai r bijuant r ™ In'gi, § Carbon cycle

s nt@n Trai L BIT™ h Yrbng khi g u 'y W€, di Y nkbi v JJut
n” ntg k h o [38Qppm (0,038%) theo t htish. oo iaside s

in the atmosphere of fuel
CNgu>m” nhiénl i hoat h U in@an, d f va khi t _nhién
L W bhyt nlg€’ .Mgc | nlg€’ pghat ra trong cac v _ phun trao
Gas exchange

ndil .a Synthesns
light of plant
F R Breathing E T

CDovi scd, nnpiénl i héat h Unghy cangt t nny .t € & W o il
| . 680, L€ t©thpidokhiquyWne nap,d€t h_ tng ¢ 76
khéng khi L €” Ico ¥.in h°quatrinh quangh~ p . @y xanh.

);AAA

i . o Life, death, decay

CPhar . nvgL " nhiénl i héat h Ylanmt £ n g 6@, valam
x4ot r s ncan b untmng khi g u y . Wne" rC@®2t t nég trong fossil fuels
khong khi 1&a nguyén nhan chinh gadyrah i 't ©° némg Ién toan

c f.u

6CO, | 6H,0 _Sunlight C.H,,0, , 60,
Carbon Dioxide Water Cb]orop])y]] Carbohydrate Oxygen
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S noéngléntoanc Fwahi ~ wn aqha

L.{ In
ANTTTTI

Nhi [ tb QnHrai L BWONG binh 14 14 AC h o Ha7,2 AF.

CS nongléntoanc Flas giat £ QU Huo, m hil  trung binh b QnHTrai L bldo tac
L . ncg, ec! o khinhakinh (CO,, CH,, N,O, CFC, v.v.).

CS néngléntodnc F:lKh o [#H% n £ nlge” mbut rt itidi L bt € k£ QnHitrai L bh blp
t hlamt £t mdill .Ph Fmhicontl 9i tarl" %if khiguy.Wn p h Fonh ib ‘gti |L i ||
cacl o khin h €0,, CH,, O;, CFCvah hn €, tong khiq u y.Whv d yhémvaos . s € bim
c., laf khdongkhi.ni Qaygayras nongléntoanc f.u

C Hi ~_ w ghakinh: Ozone Duy trin h il valam cho trai I bkt rnén hoan h [ ochos . s " n|g
Co,L € @il Qivguangh™ pNJJu € €@,v € quam. ,03%c_, mdit r € xang
quanh, s . can b untgnhién c . mha kinhco6t hbBVxaot r vangép p h Flam néng Ién toan
c f.u
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3.1.20n hi kmdng khic_ &hi g uy \{n

Methane (CHj rong knid U Y Wn

C N” nlg, CH4trongkh|q uy Wm, trongn h_ th @ khinhakinht i Gm h Blong khigu y.\WWaginhig Blp
291 fsov kK GO,.N nlg, CH4trong khig u y W &800 ppb.

C Ngu:Phatt h Khi mé-tandoc h tnodi, h o &t nngngn g hiphgnh, g h Bith fj ¢ i QEac bai chon
| btph blth f &lhit hvas phanh_, ¢ h BIt o ko, @sinhv dt

Cn blm g dnp€, hay cac canh L™ nliga cung ¢ biIpi ®u lym ©° ohg qua trinh sinh metan vat Yra khi mé-tan
b ik hu Xethanotrophlan g u chinht Yra CH, trong khig u y.Wn

CH
§ Methane 4 Hydrogen
81750 Methane
s (CH,)
c Molecule
3 1700
¥
2 1650 Carbon "Ydresen
w
) Hydrogen

3
S 1600 ¢
-
v, Hydrogen

1550
1975 1980 1985 1990 1995 2000 2005 2010 20
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0,

PN s N—
~— Standing N— ~—— ~——

“~—— water > = /\;\/ N—

CH, emission

CH,

Emission of CH, through
diffusion and ebullition \

->Z

\>

I Oxic layer

Anoxic layer

Nutnents N
O
(S-oxidizing bacteria) H,S —>» SO
(Methanotrophs) CH, —>» CO,
(Nitrifying bacteria) NH;" —>» NO;’
(Fe oxidizing bacteria) Fe(I)=> Fe(IlI)

Oxidation

Reduction

(SO reducing bacteria) 0,2 —» H,$

(Methanogens)

(Denitrifying bacteria)

(Fe reducing bacteria)

Straw
decomposition A N,
Organic matter

Anoxic
zone

€O, —>» CH; e
NO,” = NH;"->NO->N,0->N;
Fe(I1l) —>Fe(1l)
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3.1.20n hi kmdng khic_ &hi g uy \{n

Respiration Vo o

Chemical reaction for respiration: i % * Respiraion
CeH1206 + 60, =2 6CO; + 6H,0 + energy

Glucose and oxygen produce carbon dioxide and water and energy

* |Is this equation familiar? How does it relate to the
equation for photosynthesis?

*Remember: During photosynthesis CO, and H,0 are
combined with light energy to create glucose and Oz ..
*In respiration oxygen and glucose are combined to "j 1 s
release the energy found in the bonds of the food 13
(glucose) and this creates CO, and H,O0
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Nitrous Oxide: (khl' C e.,) I U.S. Greenhouse Gas Emissions in 2014
C Oxitni k kil 't mhiéntrongmoéit r €. N gnlg N,Otrongkhiguy Wk ho [ Nitrous  FuOrinated
320ppb Ox‘l)(:e

Methane
C Trongnh_ md yFhoOg,| € agehingl « L hégl § nkgwWos d_ nppan
bonhoah™ wal " rthiénl i héat h Yc h

Carbon

Dioxide

C NJwh_ xgh€, mayt i f]pohil trungbinhtoanc Fs & L négl /Jjm c 81%
c6t hdMX i JJs tanc hfcy edcc h, mk nghaic. eal I _ tcac khuv ¢
t r [tnhgtién k h dr@i L bt

Chlorofluorocarbon (CFQC):

C CFClah®™ phiidah’ k. o mhant Yohc h _ cacbon, clo va flo.
CnUdi pmbi AMm HAtdichlorodifluoromethane (R-12 h o Hsceon-12).

C Nhi QRCL € < d_ nrg malam c h B | Y nchh, BItX ftrong cac. n g . nkbi dung) va dung mai vi
CFCgopp h flamsuygi [tnf mapne t f nr@nc . lkhig u y.Wn
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M € aaxit
C Thongt h€ m€.,me€aol  pH5,6docoion H+ hinhthanhdop h [ nn g, m€, m€a . GO,
v . rihaut Ytbanh axit cacbonic.H,O (I) + CO, (g) 2 H,CO; (aq)
Axit cacbonic sau L' - c6 t h dh hoa trong n €, £ Uthanh n~ nlg, t h Btac ion hydronium va
bicarbonate :

H,O (I) + H,CO3 (aq) 2 HCOg3 (aq) + H;0* (aq)

CKhiL pHc, a€ m€ai [xw’ o, 56thig lameaaxit. Oxit| €wu 8 ndhn i trdmg khi
quy Whram<€aaxit. Vi Lc¢ rthien| i hoat h U h&anvad f trong cac nhamay L i hm Hc
X £ nvgd f diesel trong L | ncgit Ura SO, va NO, sau qua trinh oxy hbavap h[  nng . n €, la
n h . mguyén nhan chinh gay ra m+€ aaxit.

250, (g) + O, (g) + 2H,0 ( | )2H 60, (aq)
4ANO, (g) + O, (9) + 2H,O ( | ) 4HNO; (aq)
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The chemical composition of global atmospheric precipitation

Global Marine & Northeastern

mean Continental coastal Northern United European
Constituent estimate’ rain* rain® Europe? States® USSR?
Nat* (uM) 86 940 40-200 13-85 5 39-96
K* (uM) 8 3-8 5-15 4-7 2 10-20
Mg** (uM) 12 2-20 16-60 5-16 2 8-12
Ca® (uM) 2 3-80 5-40 16-33 4 10-52
NHj (uM) — 6-30 0.6-3 6—48 12 22-61
H* (uM) 2 1-100 1-10 16-38 74 0.2-79

(pH=6-4)  (pH=6-5)

HCO3 (uM) 2 0-? ? 21 0 30-79
Cl- (uM) 107 6-60 30-300 11-98 7 23-107
NOj3 (M) — 6-21 2-8 5-36 12 6-16
SO% (uM) 6 10-30 10-30 10-63 30 38-94
Total mean (mg) 7.2 10.2 4.0 16.6

Source: 'Garrels and Mackenzie (1971). *Berner and Berner (1996). ¥L.erman (1979).
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Nguyén nhan nao gay m+€ aaxit?

C M€aaxitco h Ydhondngn g hicaypc, viat h vadvindé hoatanvar ~ a
tréi cac c h Wihhd €. rcd n hichps  phatt r ic W h  vadjt N6 gay

Gaseous - Particulate.”
Pollutants in . Pollutantsin z £ & A~ NN NP L
Movement __ Amosphere Atmosphere racacb nvh@ € m@h blpn g €vail , nvgd t
A e Khi m€aaxitr hxiu  fidpNac h[rgséng, h"s & nh€ ng]h’ i
NO, § - [’@P@aﬁo‘g - qgf - N . @ E o £ - Py N
WYy “ S YT, s ntgh vcdvya L, nwdtrong h sinh thai d €, n€,. N0 £ nmon
A o SN F R o 0 Q - . £ e . B S N , @9
501‘ } T ' L€ nqge cXhb/jmi roacackiml omMiHinngh € thival n g
NO, ’«ﬁf") Deposition < . *
G (i Wbk vaon€, . ng

Cach Udgayonhi ., m
Ng u gay m€aaxit
CC8c ngu nnh<€ phbnittdoc. ma%i | a.

Cn "t nhi°n |i u h-a thUch JfwW tmot rpahfini otm@ N®3 g iFWn blaJ s Ot
Li n, ph€©hng ti n giao thing v~ thiJJt b nHng, nh” m8y |
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3.2H0an €, c

3.21Gi .tihi u
C Héan €, ldnganhnghienc héah’ ©<€, o h bBmd nlh/] cdcv blh Qndit r €. n g
0,

eduction O xdidation

water
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3.22N€, mHwvan€, egfm
C N€ omHtabbk & h'ni€, mol € ttmt h Bi§n b QnHfrai L blbao g~ m [n €, mHrtrong ' Ud €h nvg
ne rcg ts6ng,s uvdah™. N€, mHEthanhp h fgonant r ~ cn gehutrinht h v y.n

C N€ oagfhmt hudg.c hn€, ‘cving bdohda. N€©, ngfme€ ttmt h Bye, long L' blttong cac v /jrt_ va
k hotnrg tromg L' bltatval §NOL € lc€turvadic h u ycwndana cac thanhp h fen, & bg™ m blcatval §
g lat f mgdme,.c

Diagram of the vadose or unsaturated zone

- K 4
s \0A\5
= W\
- Q\
.‘Ay‘.
. S :
. by A

r r N / S
’ SN ’f"»’- precipitation o B
| ot v g pores filled with

Surface water

e / air and water
unsaturated zone 1 TN
Unsaturated 1 water table 1 D Lff\f\
zone : it
SN : oSN
.sa;urat_ed zone SRR / )
(groundwater pores completely
i g : . ) == filled with water
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3.22N€, mHwan<€ ©ogfm
C N€, mHirong sdong, h™t €htagv . i €, rcg F m8n d €, hio Heang quanh séng, h ™.

Surface water recharging Surface water discharging

Flow direction

Flow direction

Water table Unsgglézated /
Water table \ P \

—

Saturated zone

Surface Water and Groundwater Interaction
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Recharge
. area

Woater
table
Potentiometric

surface Eiowi
owing F Sl Water table

artesian water table Artesian
_ L i i well Ground
—~ Y __ ___ __we we — well

- surface
\\\\ﬁ

\

—
——
——
—

Perched aquifer
V Water table

Unconfined S
: Confining
aquifer Rt

i, v,

™ —
— —

Zf
|
R

Confining
unit

/

e |

Confined
aquifer

Cacl oHF mgdm €, ¢

[T

Modified after Harlan and others, 1989
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C Trong h f b JJdac ving n €, tc nhién, cac thanh p h fchinht h € cnhgi A MB5%t ~ r©cd bltdima tan (TDS).
Ngoaicacc h h L € Icikétrongb [ ndg€, Li©ggncon™ nlgv Jjct. ah i Qhlkh vé c Hhac.

Common Inorganic Solutes in Water

Major Constituents

Calcium (Ca?*) Bicarbonate (HCO;'") Dissolved CO, (H,CO3*)
Magnesium (Mg?*) Chloride (CI") Silica (SiO,(aq))
Sodium (Na*) Sulfate (SO,

Potassium (K*)
Minor Constituents

Iron (Fe?*, Fe3*) Carbonate (CO3? ) Boron (B)
Strontium (Sr?*) Fluoride (F')
Nitrate (NO3? )
C TDSreferstott . . __ I

_ _ e that is expressed
in mg/L. Itis durewmnemac@awmm(qaamg/@nmmmw@ﬁmﬁibmdumaﬁ wettor pudntr@mwlezmsmwl my/L)
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Piper diagram of the water samples
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C N” nlg, cac ion chinh trong n €, tch € In@ \ &rén s H. " Piper h o Ham t u y t/hh L VBhan | o &htion-
anion chinh, b i Wicact ©, h j_hdah o Hico M€, ..c

C S hL™Piper:
A Cations (Yomeqy/L):
Ca?* = Cal/(Ca+Mg+Na+K)
Mg?* = Mg/(Ca+Mg+Na+K)
Na* + K* = (Na+K) /(Cat+Mg+Na+K)

A Anions (%meq/L):
S0, = SO,/(SO,+Cl+CO4+HCO,)
CI = CI/(SO,+CI+CO,+HCO,)
CO,2 + HCOj = (CO4+HCO,)/(SO,+Cl+CO,+HCO,)

Na+KHCO3
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C N nlg, céacionchinhtrongn €, tch € In® w&réns H “Piperh o Hamt u ytihml Whan | o é&hiion-anion
chinh,b i Wicact €, h g_hdah o HicoM€, ..c

L-1
L-2
L-3
L-4
L-5
L-6
L-7
L-8
L-9
L-10
L-11
LP-1
LP-10
S-1
S-2
S-3
S-4
SW-1
SW-2

C OO0

< C OO0

I+ + + +

Z

Ca (meq/L %) Cl (meq/L %)

Piper diagram of the water samples collected from a limestone quarry (Eang et al., 2018)
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Source pH Ca** Mg¥ Na* K" HCO; SOi cr- Siozf  TDS
Precipitation:
1 4.3 0.26 0.03 0.07 0.05 — 3.03 0.24 — 6
2 54 041 0.59 4.36 0.10 — 1.97 8.2 — 16
Sea Surface:
3 7.8 423 1,320 11,100 410 129 2,790 19,900 1-10 36,100
Rivers:
4 — 19 2.3 6.4 1.1 68 7.0 6.5 111 122
5 — 83 24 95 5.0 135 270 82 9.3 703
Groundwater:
6 6.9 10 1.5 5.0 0.8 19 5.5 11 — 49
7 7.6 24.5 10.7 24.9 4.7 170 21.8 7.1 56.5 234
8 7.5 69 29 3.5 1.1 297 37 9.4 1 320
9 6.9 21 3.1 170 8.4 400 12 85 12 510
10 7.3 210 100 2,000 46 300 1,200 3,000 6.7 6,700

T Itis conventional to express silica concentrations as SiOz, even though most silica in natural waters
occurs as Si(OH)4.

C N€ m€at h€ addDSd€ 20mg/L,n€, rtg tth” sdngvalong L bidd TDSt 20 L' J] #000 mg/L, n €, Ic’cod
TDSt 1000 L J] 85.000 mg/Lvan €, ki bk h o [35.00 mg/L. TDS.

C HF h/jn€, egfnongll QUL _tiéuc hu dn <€, rcg vt iDSdaol , ntgvaimg/LL /Jhangt r tmgL. SGu h h n
trongl . wp,vad € Lild€ehvgyc adng,n€ rcg Feat hoaWTDS 6 b WInA€, Ic’h o Hich &hicaoh h.n
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C. cacl ©wu ¢, sau,L Hii lanh_ hmgw col . mpu hdatanvat h Yaadyn €, tong | r . rc@t hddh L d m
I Hlk hn €, Iti Winh. wimgn €, th€dy€ o lan€, mu (TDSIént . 100.000 mg/L) h o Hhc€, mu " cb
N H@TDS trén 100.000 mg/L). 1. Central lllinois (Butler and Likens, 1991). TDS estimated from element concentrations.

2. Cape Hatteras, North Carolina (Gambell and Fisher, 1966). TDS estimated from element con-
centrations.

Average, assuming seawater salinity of 3.5% and density of 1.027 kg/L (Pilson, 1998).
Upper Amazon River, Peru (Stallard, 1980).
Colorado River (Maybeck, 1979).

AN

Poland Spring source no. 1, Poland, Maine. Glacial sand and gravel aquifer, predominantly
quartz (personal comm., Great Spring Waters of America, Inc.).

7. Grande Ronde basalt aquifer, Washington, Oregon, Idaho. Mean of 283 analyses (Whiteman
et al., 1994).

8. St. Peter - Prairie du Chien - Jordan aquifer, Paleozoic sandstone and dolomite, northeastern
lowa (Siegel, 1989).

9. Basin alluvium aquifer, volcanic-derived sediment, Smith Creek Valley, Nevada (Thomas et al.,
1996).

10. St. Peter - Prairie du Chien - Jordan aquifer, Paleozoic sandstone and dolomite, northeastern
Missouri. Near deep aquifers in the lllinois basin which contain brines (Siegel, 1989).
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C n, mHinaham | € mu ~ V6 ¢ hhoa tan trong
n€ .ANh_ nghHdn trongn€, th€ He¢
g fachHban. N€ oi Wmongt h€ o@gl
mHunla 35 ppt h o H&5a . Y K sfLAW/) yiédg trung

C

binhc, a€, bi Wrb QnHita 1,025g/ml.
C n, mHN Red Sea - 40 ppt
A N€ og (ent . G,5ppth o HEOOmMg/L) Mediterranean Sea - 38 ppt |
A N€. t (0,5 30ppt h o HaOOT 30.000mg/L) oty ppt~ i
A N€ ¢ mHn (30i50ppt h o Hic 30.000i J
50.000mg/L) :
A N€ mu’ (it50pptl J]h  Lia260i 280ppt) Black Sea - 18 ppt |

t

Baltic Sea - 8 ppt /

Limit on agriculture |
Irrigation - 2 ppt B 5 ppt

*tradltlol ways to express
salinity is in “parts per
thousand” or ppt

Drinking
water - 0.1 ppt
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brine pools
50+ ppt

WO
SATNES water
seawater, salt lakes
30-50 ppt

brackish water
estuaries, mangrove
swamps, brackish seas
and lake, brackish
swamps

0.5-30 ppt

fresh water
ponds, lakes, rivers,
streams, aquifers

0-0.5 ppt
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s8§ch

Salinity (g/kg)

© 00 NJNoohk~,wWwNPRE

B
P o

=
N

[l =
o~ w

Danh

Gaet'ale Pond
Lake Retba
Lake Vanda

Garabogazkol
Lake Assal

Don Juan Pond

Dead Sea
Great Salt Lake, North Arm
Lake Baskunchak
Little Manitou Lake
Great Salt Lake, South Arm

Lake Abert

Mono Lake
Lake Urmia
Hamelin Pool

433
400
350
350
348
338

337
317
300
180
142

120
88
851 280
66

c8c

Vv ¥%2n g

Salt lake
Salt lake
Salt lake

Lagoon
Salt lake

Salt lake
Salt lake

Salt lake
Salt lake
Salt lake
Salt lake

Salt lake

Salt lake
Salt lake

Lagoon

ne -¥5) t heo

Ethiopia
Senegal
Antarctica

Turkmenistan
Djibouti
Antarctica
Israel, Jordan, West Bank
United States

Astrakhan Oblast, Russia

Canada

United States
Great Basin, Oreqgon, United

States
United States
Iran
Australia

L.
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https://en.wikipedia.org/wiki/Gaet'ale_Pond
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Ethiopia
https://en.wikipedia.org/wiki/Lake_Retba
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Senegal
https://en.wikipedia.org/wiki/Lake_Vanda
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Antarctica
https://en.wikipedia.org/wiki/Garabogazk%C3%B6l
https://en.wikipedia.org/wiki/Lagoon
https://en.wikipedia.org/wiki/Turkmenistan
https://en.wikipedia.org/wiki/Lake_Assal_(Djibouti)
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Djibouti
https://en.wikipedia.org/wiki/Don_Juan_Pond
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Antarctica
https://en.wikipedia.org/wiki/Dead_Sea
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Israel
https://en.wikipedia.org/wiki/Jordan
https://en.wikipedia.org/wiki/West_Bank
https://en.wikipedia.org/wiki/Great_Salt_Lake
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Lake_Baskunchak
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Astrakhan_Oblast
https://en.wikipedia.org/wiki/Russia
https://en.wikipedia.org/wiki/Little_Manitou_Lake_(Saskatchewan)
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Canada
https://en.wikipedia.org/wiki/Great_Salt_Lake
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Lake_Abert
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Great_Basin
https://en.wikipedia.org/wiki/Oregon
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Mono_Lake
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Lake_Urmia
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Iran
https://en.wikipedia.org/wiki/Hamelin_Pool
https://en.wikipedia.org/wiki/Lagoon
https://en.wikipedia.org/wiki/Australia
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17

18
19
20
21

22
23
25

26
27

Danh

Salton Sea

Mediterranean Sea

Red Sea

World Ocean

Lake Natron

Beaufort Sea

Lake Van
Black Sea

Caspian Sea

Sarygamysh Lake

Baltic Sea

s8ch

38
36i 41
341 36
30i 40
281 32

23
13i 23

12.5
11.4
10

cC8cC

Vv ¥%2n g

Salt lake

Mediterranean sea

Mediterranean sea

Ocean
Salt lake

Marginal Sea

Salt lake

Mediterranean sea

Inland sea
Salt lake

Marginal Sea

n€16€28)t heo ’,

- ST

United States

Southern
Europe, Levant, North Africa

Eqgypt, Sudan, Arabian
Peninsula, Horn of Africa

Worldwide

Tanzania

North of Alaska and Canada

Turkey
Eastern Europe, Turkey

Central Asia

Turkmenistan, Uzbekistan

Northern Europe

Co-funded by the
Erasmus+ Programme
of the European Union

75/116

m Hun

(S’


https://en.wikipedia.org/wiki/Salton_Sea
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Mediterranean_Sea
https://en.wikipedia.org/wiki/Mediterranean_sea_(oceanography)
https://en.wikipedia.org/wiki/Southern_Europe
https://en.wikipedia.org/wiki/Southern_Europe
https://en.wikipedia.org/wiki/Levant
https://en.wikipedia.org/wiki/North_Africa
https://en.wikipedia.org/wiki/Red_Sea
https://en.wikipedia.org/wiki/Mediterranean_sea_(oceanography)
https://en.wikipedia.org/wiki/Egypt
https://en.wikipedia.org/wiki/Sudan
https://en.wikipedia.org/wiki/Arabian_Peninsula
https://en.wikipedia.org/wiki/Arabian_Peninsula
https://en.wikipedia.org/wiki/Horn_of_Africa
https://en.wikipedia.org/wiki/World_Ocean
https://en.wikipedia.org/wiki/Ocean
https://en.wikipedia.org/wiki/Lake_Natron
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Tanzania
https://en.wikipedia.org/wiki/Beaufort_Sea
https://en.wikipedia.org/wiki/Marginal_sea
https://en.wikipedia.org/wiki/Alaska
https://en.wikipedia.org/wiki/Canada
https://en.wikipedia.org/wiki/Lake_Van
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Turkey
https://en.wikipedia.org/wiki/Black_Sea
https://en.wikipedia.org/wiki/Mediterranean_sea_(oceanography)
https://en.wikipedia.org/wiki/Eastern_Europe
https://en.wikipedia.org/wiki/Turkey
https://en.wikipedia.org/wiki/Caspian_Sea
https://en.wikipedia.org/wiki/Inland_sea_(geology)
https://en.wikipedia.org/wiki/Central_Asia
https://en.wikipedia.org/wiki/Sarygamysh_Lake
https://en.wikipedia.org/wiki/Salt_lake
https://en.wikipedia.org/wiki/Turkmenistan
https://en.wikipedia.org/wiki/Uzbekistan
https://en.wikipedia.org/wiki/Baltic_Sea
https://en.wikipedia.org/wiki/Marginal_sea
https://en.wikipedia.org/wiki/Northern_Europe
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Cn, dXmhi (BC)c, a€©, bunggh Ldto, Bi tmtrén1cm3n €, . b6 lién quan c h kuth €. TDS vi no la
hams ‘c. A~ nlg c . @ Bt[cac c h Bahion.n ©Yam.  phép L onhanh chéngvad dangl € tch hd 't #hii ~ n
t r € néhqiét h € Ing dung trong cac bao cao.

C nhiv'c_ BCIasiemens (S)h o Huicrosiemens (¢S). Trongtail i ¢ U, hmc_ BCL € @ la mhos trén cm (=S)
h o Fbenhos trén cm (=€S). ( MHdd h hk & u Hich €rcagtén mho, L he'c, B d XHi cdyngh ¢aajchv i Jt
ng€cg ahm L hrc, Bi tm. ECpht huvaenhil vahf b/daics Lol QU€ ki cth wn@iat r’
t €hH €hn @5°C.

C ECdaol, ntgvaich_e8L v . n€ mgfod TDSt h Wm L JJhang nghin €S L "V, n €, mu (Freeze va
Cherry, 1979). M" i €hgugnt u ytihimt h nag hic_nBCv  TDS la:
EC & A(TDS)
trong L' - EC tinh b uneg, TDS tinh b unnyg/L, va Ala h unsg'n urtrong k h o [tn.§55 L /], 75 " v, nhi IQuY i
n ‘€, tc nhién (Hem, 1985).

Cn' Vv . rne «w nECt h€ Ing «h Biph dnong k h o [50~500 Sicm.
C .



Co-funded by the
Erasmus+ Programme
of the European Union

77/116

Hoah &higuy Wine, eal bit §

INOWASIA

3.22N€. mHwan<€ ’©gfm

Cn c ng, a€, k&t he Lol K phong phut ehrLg ¢ . aac cation hoat rhais @ h [ .nn o/ . xaphong
I W thnanhkl]tt r;merhoHp]:hl,'nngrongn hhiW Qianh k Jjtt . mdun h F 0 JJ¢ac | oHre cac
cation chinh gayrall ¢ nlg Ca?" va Mg?".

Cn. c ntgh€ B¢ £ mhhba
n, c¢.ng '—’2+)+241(51V|GZ})a

A trong L - (Ca?) va (Mg?) lan” nly, tinh b nmg/L.n, c. nghWi nn nig,t €hnigehnoy, €aCO; hoa
tans & Uahi wnd €hngn h@ nig, canX|vamag|et h tcj]—l S 25va41| FIn€'lat 's "gi _kah
| € ma@ngt h_ QaCO,v ., k h 'l i€ mguyént Cavak h e’ m@uyént Mg.

C Ne &€ cmlaanrrml]tIi C n@e A5 mg/L, L € coiladc g a)hl,'l'nf}lmén%mrongkhol,'ng
n h

t _75L JJA50 mg/L val € coila A c NgAHU c_  nigeén 150mg/L (Benefleld va Morgan, 1990). Trong | 0
v ¢am mQm €, &,c_  nlg?! khil €" Ibdo céo b vnlgh wv figraino. M, figr ati @loriigeh nlg,1 mg/L.
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C n_ ki Qam théngs mdét k h it ntung hdaaxitl € thémvaon€, ¢, a€ .NOoL € £ mhyh ba
n, Ki Qu(HCO;') + (COz7) +(OH') 1% ( H

trongl L ki Qi€ cOlyhmeg/lLn /o nlgmoll € < d, ntrgng p h € htmirdh nay.

C Cé ‘umig hkhacv Q ki Qmyt huvaet r Ythagthamc hi € ch’ mh€mge, tmh k h i-0Q,
t < d.

ntltam ¢ h i chaun €, tc nhién.

C Thémm, b a zvhon €, tch € tmém anion OH' vao dung d ’ ctrbn,g khi thém axitt h ‘€ tmém cation H* vao dung
d’ cThém b a zlam [AIk] t £ rvgthém axit lam [Alk] g i [ M€, coL ki Qaocok hht ntging hoa axit L € ¢
thém vao né t "hth.iThém m, t € axgc L wdon e @ [AIk] cao s dam gi [LmpHith hsov _ v i thém
cingm, t € axgvaon €, «@[Ak]t h blpong n €, tinh axit (vid : pH<4,5), [AlK] <O.

C N<€, meathecng_ ki Qnin bl
ne ate lelctoxuhe Hant £ ril
thl,ﬁoth@ttnagL tlLkiQm

m Ha. S hoa tan cac khoang ¢ h sittb [ i’ ,Hib i Takhoang cacbonat vao
gkl (@m A€, .Khin €, n:gi-'alnchuyt\/\/khuv nUp YQijkhuv , & [

thl g] ca
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C S. phanb "¢ . @cd U ncgrbonate hoa tan theo pH:

1 -

T biWu L7 : /><

N

0.1

A KhipH<6,3thiH,CO;c hi Jm <€u (7/ ?& éﬂj &(&
y N/ "’

thj, t._c [HCO>ng L, _ 8 \
[HCO,] va [CO.?]. sg o0 / \
% 8
| |/ \
A Khi 6,3<pH<10,3 thi HCO," £ /
chi/Jm €u thJ], t_ ¢ | n ng /
[HCO,] >> [CO,2] va [H,CO,. 0.0001 / \\
A KhipH>10,3thiCO32-c hi /] m 0.00001
eu t[®QF] >>[HCO,] va 3 4 5 6 7 8 9 10 11 12 13

Relation between dissolved carbonate species and pH (Groundwater Science by Fitts, 2002)
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C Khntnaxy héak h (ORP)the i) tioLV\kacL nkhhlﬁan«y(yhoahol—UchIﬁLnlgh c., amXu
ne .N6chot hk§gt htwWon hi LnHbi ladon€, ch Edngnghi. p

C ORPcot h(ngat rnﬂugedmngb| A tfunmg thanhp h fo, emXw h trdchn h i chmnhv(glat rquan
satLe .ovid | € rlp d & h_teong n €, thlSlSerILl]@latrdehnlg 0LI|QIUORth0a)VaS
hi dn "cn hydrosunfuased)(ﬂiﬂlglat rORPam | . L i Qiu krh ())RPLe xac L nbh”uncgachLo
L i trhd] i cn ¢ r\h@nHhoah ctbqkn’rm)Le ngamtrongdungd crhi tnhl]i ‘cn ¢ [ rwi /Jn
L€ k eov, i cn ¢thamc hi ¢Jub f dopHvagiat rL'€ bi Wb %nrglllvolt (mV).

C Vi xécl’ rORanchungrbtloynghthmgne ch_m nlg, t €hrg ¢aoc aadcc h k6 h o Ginh
oxihéak h vid_nh@u ¢. ahi Quo | o Fe?t, Fe3+)vacacchtfb1xy hoamqn(nlo)vachH{th “(ion
sunfit). Do L - QRPleh|cot hiwe” £ d, nlgWwheoddiénhi kiml o #ongn€, ©gf mo Hce, mHt
h o HicWac IL° rhBm | €  rlg trong n €, thl,'l

C DoORPvapelathams 't €hrg;idol - giat rc’, ®RPc6t hiWe' ¢ h u y Wnthanh pe n h Qau:

F o 96500

Eh= h = EFhx0.001
2.303RT 2.303R(t + 273) 2.303x8.314x(r+273)

pe =

2 Fh=0RP+224.36-0.7198¢ where ORP: Oxidation Reduction Potential (mV)
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Cu+ + Mg =2 Cups) + Mg+

Oxidation Half Reaction: Mgrs) = Mg2+ + 2e- - - - Mg solid is oxidized to MgZ+
Reducing Agent: Mg

Reduction Half Reaction: Cu?* + 2Ze- = Cu(s) - - - Cu?*is reduced to Cu solid
Oxidizing Agent: Cu?+

(zain Electrons - Reduction; Oxidizing Agent

Oxidizing and Reducing Agents

Oxidotion: L oss of &

Reduction: Goin
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C Bail 1 LJ

1.Chocack Jjt u Kétn g h i santl ©yong L -n €, mycol pH=8,hdyxacl n h
a. p h fnmol c , sunfat (SO,%)

b. L c. nvgLl ki Qm

c. v &&c cation va aniontréns H. “Piper L Wac L~ n th _hdah o Hico H€, c

Concentration, Concentration,
Cation mg/L Anion mg/L

Ca*’ 40.0 HCO;~ 91.5

Mg** 12.2 SO~ 72

Na* 15.1 o 22.9

K* 51 NOz~ 5.0

) nsog-

A ' 2-- Nsor —
A Mole fraction of SO4 . 4 nca2+ + r']Mg2+ +nNa" +|'|K+ +nHCOé +nSO§' +nC|_ +nNOé

AHardness (mg/L) = 2.5(Ca?*) + 4.1(Mg?*)
AAIK (meg/L) = (HCOJ') + 2(CO2) + (OH') 1% ( H
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3.22N€, mHwvan€, cgfm
C S hL " Piper:

A Cations (%omeq/L):
Ca?* = Ca/(Ca+Mg+Na+K) oS S
Mg?* = Mg/(Ca+Mg+Na+K)
Na* + K* = (Na+K) /(Ca+Mg+Na+K)

A Anions (%meq/L):
S0, = SO,/(SO,+CI+CO+HCO,)
CI = Cl/(SO,+CI+CO,+HCO,) %

CO32- + HC03' = (C03+HCOS)/(SO4+CI+CO3+HC03) S ht * CATIONS %mca"“ ANIONS
S hL  Piper

20 Na+K HCO3+CO3 20

2. Hoa tan 0,1 mol NaCl vao 100 g H,O nguyén ¢ h HPth fmol ¢ . WaCl la bao nhiéu?

3.Lamt hnjo L W Yra 100mL dungd =~ ®&&S 5 mM (mmol/L)?

4. Axit sulfuric ban L ¥ (H,SO,) co6n™ nlg, p h ftnr Han®5% k h 1 " wmagk h | & riégg la 1,98g/cm3. T h Yi¢h
c. ah€uu8hbaml f may machingtac f h W Yradungd @Halodng 1L v , 4,01 M H,SO, la bao nhiéu?
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n8§@nc_ hait dp

1. a)P h fmol ¢ = sulfate (SOéZ'):

Hoah &higuy Win€, eal bit §
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Sulfate mole fraction: 8

U8
U8

# A L pi 07 (#1 T —— pwi 07
- ¢ —= mnkii7 3/ ——— TRl i 07
A =L muki A #1 ——1 mrbi 7

+ L mpobiin 1 ——— Teyd i 7
v 8 X U

P T MCTHUXTH OPPD TRX U T T L TBIY P
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3.22N€, mHwvan€, cgfm
n8@nc_ hait dp

1. b)n ¢ nvag alkalinity:
n_c _ n(omg/L) = 2.5 (Ca?*) + 4.1 (Mg?*) = 2.5 (40) + 4.1 (12.2) = 150.02 mg/L

n_c _n=gl150.02 mg/L is considered as hard water.
I 1 EATEABOU( #/ c#/ I ( (

pH=8n 3umong k h o [6m8d. /J10.3Y HCO, ¢ hi §ut h if., [HCO,]>> [H,CO,] va [CO.2] h 0 Hi¢,CO,] va [CO,2]
khong L 8§ nkgWitrong slide s “72).

pH=-log [H*] Y [H*] = 10"H =10-8mol/L=1083 1032 |charge| meq/L=10"53 [+1| meqg/L= 10 meq/L
pOH= -log [OH] =147 pH=6Y [OH]=10° mol/L= 1063 1033 |-1| meq/L= 10-3 meg/L
Y Alkalinity = [HCO] + [OH] - [H*]= 1.5 meqg/L+ 103 meg/L - 105> meg/L= 1.5 meq/L

Y (c1 ncgt hbyqua[H]and [OH]vi pH=8t i gf b ]k h o [ty tinh pH =7, i.e., [H] va [OH]r Eith [H*] ©
[OH], va [HCO4] >> [H*] va [OH].)
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322N€, mHvan€ egfm

ng§@nc_ hait dp

1.c) V€& c8c cation v~° aniomnhthéacn koWi L h€ePicper LW x8c L nh

- For cations (%medL):

' : (31 p _7°
A 18 o1 1(s o1 18 o p 7 U&T
: (8 31 73
¢ 51 8 3 1(8 3 [ 8 31 p 1 ¥BY
: (8 31 | 8 3 p 73

A+

ST T8 3 1ce 31 | 831 n 7 OTKY

- For anions (%medqL):
3 3 3
3/ (8 °] D ¥

53 | 8 3 (85 np 7 '@V
i ° (8 3 p 713
i 531 1 8 3 [ (83 » 7 PX&T
(#1 #1 (#7 #/ °pmm (e®%| pDI ARZpmtm

37 #1 (#1 #/ el o @t o | o) AR PV
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3.22N€, mHwvan€, egfm
T€, rnd hdac_ khome maylaCa-SO,.

TP %meq/ L

TP %meq/ L

60 40 20 Na+K Hco3.c0720 40 60 a0 Cl
Calciury (Ca) Chloride (Cl)
CATIQNS Yemeq/l ANIONS

#A L& % #1 pxmomeq/ L
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A. Calcuim type

B. No dominant type
C. Magesuim type
D. Soduim type

E. Bicarbonate type
F. Sulfate type

G. No dominant type
H. Chloride type

1. CaHCQO; type

2. Nacl type

3. Mixed CaNaHCO, type
4. Mixed CaMgCl type

5. CaCl type

6. NaHCO, type

40 20 0 0 20 40 60 80 100
Ca (meq/L%) Cl (meq/L%)

Piper trilinear plot of groundwater facies classificatidal(b et
al., 2019; Ansari and Umar, 2019)

—
100 80 60
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3.22N€, mHwvan€ kgfm
n8§@nc_ hait dp

2. Tinhp h fimol ¢ | WaCl:
8

Phfmolc_  HaCl: 8 = - =0.017
¢ W
3.TimTr  h€® NgScf bW 4®0omLdungd’” & mM (mmol/L):
Tr' h§ NgSc f:m=Mn=M C3V = (2332+32)g/mol # 531032 100 2103 = 0.039 g

4. XacL = n ntiah H,SO, L W Yld dung d - 0.01 M H,SO,;

C% (Wt%) - = 3 = 3 = 3 = 3 _ = 3 C
P 3 3
Y # ——=—g——"5—5—=19.194 molL (Note: 1.98g/cm® = 1.98g/mL=p& Yp AT, )

. _CV,_0.0 1mo I3/1L
CVi=CVi Y Vi=— =T g gmol /-

Nh € dty htishc , 41,50, = 0.521 mL

L5.21T 104L =0.521 mL
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3230nhi n® c

CNe€e rchHtfnhihgs s nkKhongcon €, sc&héngcdés s ng

COnhin® lgquatinhdnhi ngun® dot nhiénh o Hbant Yo icacc h BIt o 9 |

COnhin® chy/Joditgut mo @t ncg eonn g€ i

CNgugayénhi n®,.:c

AOnhingulhWrbk& guomh i namcot hxae L K" mat L -cacc hBihhi @& tch [
ra,c h3h gnh &cnhamay, nhamayl i nhamayx lyn<€ tchl[ it hvam,6 $ ‘trangt r. Ui

A Ngu“kidngLi Wom hi dom hi Qg u'k h u Jtéanhtrdin g €ta t ¢ Yypdnhi nomu L n VWm
m thguduynhb@nhi nomukhdngll i Wnh € lalg/JaufE. & c htmnc., A€ tén mHt
I bimeasal diredg ¢ h Hileng khi g u y Whodtn €©, t h bhno Hoci Latih vy ol € mmegvat uy J]
tan), trong L' -v i truytimo6n h i Jam Btho.




. Co-funded by the
* Erasmus+ Programme
of the European Union

91/116

n Héah &hiquy Win€, eal Hit §

INOWASIA

3.230nhi n, (i)

Ngu mhi n®, ¢ n¢gf &mn



