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A~ 22 M
F 2s22p° -1,0,
Cl 13s23p° -1,0,41,+3,+4,+5,+7
Br 4s%4p° -1,0,+1,+3,+4,+5,+7
I 5825p° -1.0,+1,+3,+4,+5,+7
At 6s6p° -1,0,+1,+5
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§ 11-1 Fluorine and its compounds
—. BHIBEAMEN4.0, REMERE KPR, &
E’J%A%Tﬂ::*kﬁim FEEFPMELF, 1
HRFAH LA, Kdaa MEBEKa By YEE.
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§ 11-1 Fluorine and its compounds

—. WAEBEMAMENRL0, BREMAEREKFITTE. &
H’J%A%Tﬂ::*kﬁim FEEFFMELSE, 7E
HARAF A, IKeANEBEKA Y YFLE.
F 25 7

Mﬁﬂ@%%ﬁ‘fﬁﬁl@’éﬂlﬂfﬁ:
(1) CF;COOH & bt 2 iR ER ?
(2) (CF3);NFINF 25 BB Lewishi i ?

iR XRHTF.C—HEFMMNM. F.C—iEfIlEBE T/
EEM BT = MCHmEE, HIFE 7T O—HE, FHEGME.
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T EAFMEMAMER (40) , FAENFASFH, SHHEHTFFET
F, NETEEhRAES, SfAHBT. ANH AR



—. The simple substance
1. PR R R E T IR
Bk THe. Ne. ArAhS5FREZERNS, HEY

ARG 5 F2 R M
Blan .
SiO, + 2F, = SiF, + O,
2H,0 + 2F, = 4HF + O, O NG
Xe + 2F, = XeF, " 103,407

F, + 2NaOH = 2NaF + H,0 + OF 1 (ISR ERET)
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RBRRE—NBHBHENH . 0 T7F, O-FRARE; £5BRMAMEHAENRE
&, USESPREMmRIAIEE, FIRKERE A &R AR SR (R
A RAEYE), MAMERE.
BT REAERNGHE, RER PRBIIN-1840ES. &%
HAR S BRI AR, N mER UEANES.

BRI E X FRBRZE — 20T HIK B Rl R B ER 0 RO %R K BR BT



2. At AR = IR ?

(1) EJRFEE/D, PRIl FX 28 E BKH)
xR 71, MZ AR FRINFEFR AN FEJILIE,
ENIZEIAGER S d—p n 88, FrPAF—F855.
) EFEMAF, BREHETEEMAFEEIE
ok, mHESREFRMPVELRIK, FrLAEF:
SRR MN, DRIENTIZIERED) /1% LA
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3. #l%& (preparation) :HBALFEEIARTHL
EFP EEHAIEERNMAL. X —8 I H B
AR BEENLZFKHenri Moissan (1852-
1907) , ‘EFIFH BRI HHIE T B
PAE R B T EEEGRYP, ERIIHZR3R1906%
Nobelft5 %
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Henri Moissan (1852-1907)
In 1886, French chemist Henri Moissan attempted to isolate
fluorine. Since platinum was one of the few substances that might
resist fluorine, Moissan constructed equipment from this metal
platinum and lowered the temperature (-50° C) to reduce
fluorine's activity. Then he passed an electric current through a
solution of potassium fluoride in hydrofluoric acid and achieved his
goal--fluorine was finally isolated. Moissan made a full study of
the properties of fluorine and its reactions with other

elements. Shortly after receiving the 1906 Nobel prize in
chemistry, Moissan suddenly died (fluorine poisoning?).




Fluorine

(1) HfRVE:

HF —KF, B F, (FAMR) + H(BA#R)
AR TNLAE F T 2358 A 5 B AR B 2R 1) B0 il B
R, FKHF, fERBMER, B THERRIKHFE
B R FE P A N B RKF, BRI A BT

HF DA 555 FEL SR B O AR BN
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(2) $L2E3%: KoMNnFFISbF- 4351 # 18994 F11906
TR BT DL 2
2KMnO, + 2KF + 10HF + 3H,0, = 2K,MnF, +8H,0 + 30,

ShCl + 5HF = SbF, + 5HCI
5384 53 TR

R ENBPIRNAEF:  miF TR

K,MnF, + 2SbF, = 2KSbF, + MnF, + 1/2F,

a3 B 5 TR CaCO,+2HCl—CO,T+H,0+CaCl,

3) E. BH: HEHEEENEE.
K AF, + Ni = NiF,, A PARRIEF, 33— R B,
2.Cu, Mg & 2%
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4. M (Application) :

1) s EHRFEANR: 754
(2) & AFEEF). wEE

(4) AHF (CCIF)

(235UF)
i-12 (CCI,F,)
(3) KaT AL AL - CIF35F[IBrF3

KKk#F) (CFBr) : &

KKFECF, ClBrEDlle CF BrEDlSOl CBr ==
1202. CH BrCIEDlOll C,Br, F ,EB12402, IE%V%%

s, $d1211. 1301FICCl, MAIRS .

(5) SF@ Iy-!E V Elﬁ—

=N, AIYENE,

IR B HRAZS

(6) Teflon, MEMLEEREPEIFTEY






—+ Compounds

PR+ LewisERBRIN S R N
2NaF+SiF,—Na,[SiF]

1.

NaF MgF, SiF, PF. SF, | ZnF, CoF, NiF,MnF,
Bri FEpr BHr—3tmaE
B PR 1 [Frga
2. Solubility:

IATRTCRBALY) (BELIFAN) FIAgQF |, HgFz,
SnF2Z % T 7K.




3. Interaction:

2NaF + SiF, = Na,|

4. Hydrolysis (7J<ﬁ4= M

)

SiFs] LewisERB M

BB HERENE (B0 B, @SF,, CF,
%, SKHERMN, BRNZS)1ZERTMARZ
PTFZHRRRNEGR. Hla:

CF, + 2H,0 = CO, + 4HF (AG<O0)
SFGﬁU
A NHEREREAN: —*‘Bﬁﬁ% TRZMERIK

CCI

TR ME S % A L

S 43T R B 7K 4 P LB T

E’Jiﬁh%? KR =

%_.

TEE, FBRTVIRIRXESHKETR.

RET



5. HF) (BEEMAE) FIHF@g (&
,f’ktéuZ[( o T, = PP

1S [
‘(ﬁ{ﬁ> Ls L.‘ gjﬁt - 1%

I '-._’I_Lﬁf-"z_}"j I

! "J ;3
T : 4
E.ﬂ !;E]..j I !;E].

—_—ta

(1) HF(L)E'(J ' #% 3 (%

K=2.07e-11

SFIIERES A %EI%EI’J T HEEF R
¥, ﬁﬁuXE’J AR, HX, R
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HF(ag)E ik HF, 1 K 4.

HE + H,O HO" + F Ky=7.2X10""
HE + F HF, K=51
2HF + H,O H.O" + HF, K=KK,=3.67X10"



NS
X Olah’s reagent O « (HF)
(2) HF A& 58 & 15 51): N7 "
a. C,HsOH + 2HF C,H:OH} +HF;
CH3COOH + 2HF(l) CH,COOH;, +HF,

% 5 R g
@ + 2HF() —> HF + L@

b. BF, + 2HF = BF,” + H,F* T H
SbF; +2HF = SbF,~ + H,F+ #3%#

(3) HF@)SE b LR ERERIR, BEE&HHF;

HiF, s ... HoFna1 5881, R E S .

(4) SiO, + 4HF = SiF, + 2H,0 i

TS ERRBEAG . B, ROBEAEF




§ 11-2 Chlorine and its compounds

—. S HIELLE R, B—HEERILEIREZ,

WALE R, BFEaRtbsaEs (BFHh) . EF5-1.
+1. +3. +5. +78MhE, WHE+2. H4EHLS. 18
ﬂ%*'3E%Mﬂ% , WEYIH R EhREN

, JiIRERTE, Aﬁﬁéﬁﬁ)ﬁ%ﬂﬁﬁﬂ%*/%%o

N The simple substance

1. FoorFH e R X HER1ER > ClagyrFH3E
%Eﬂ%ﬁﬁ’]ﬁtﬁ:ﬂz -- Cl, 2 fi#ge > F, 5 fikgE
a%#?uzﬁﬁiw Sk, PL2.5: 1 T K,




3. 5E&EERMN
BR 7 Oz, NoHIE S AR Sk, #RAT BA N
2P + 3Cl, = 2PCl,
2P + 5Cl, (i¥®&) = 2PCl,
4. Ak B (disproportionation reactions)
Cl, + 20H(#) = CI- + CIO~ + H,O
3Cl, + 60H~(#) = 5CI- + ClO; + 3H,0




5. Preparation
(1) In laboratory:

MnO, + 4HCI @) = MnCl, + Cl, 1 + 2H,0

2KMnQO, + 16HCI @) = 2KCI + 2MnCl,, + 5Cl, + 8H,0
(2) In Industry:

2NaCl,,, —*—2NaOH +Cl, T+H, T

2NaCl,, —**—>2Na+Cl, T




Cl, H.

NaCl
H,O mEEA

|| i

S Cl=| H”
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il v

OH™
| =

NaOH k&84

S X R R A R
C—HEFXH#E



=~ Compounds
1.[-1] O.S. (Oxidation state)

NaCl MgCl: AlCI3 SiCls  PCls
\ J \ J

Y Y
basic amphoteric acidic

(1) & B RN KE, BRIERNYIKRE
SiCl, + 3H,0 = H,SiO4 + 4HCI
NCl; + 3H,0 = NH,; + 3HOCI




2) WHEFND EREIUIHEEL RN (Lewisfg
BN & [ M)
KCl + PCl, = K[ PCl,]
KCI + AICI, = K[ AICI,]
(3) Solubility: AgCl, CuCl , AuCl, TICIFIPbCI:
S, PhCLRAARHEMEE K,
(4) fill#&: AWML, EARXT R R
TiClafJ#l£&: TiO, + 2Cl, + C = TiCl, + CO,
(5) Hydrochloric acid :
HCl &, ZTK.




2.[+1]O.S.
(1) CIF, Cl20 , CIsN5 7K Jx M # A sHOCI
(2) Hypochlorite: &8, Wt &RIIKAR
HhAsE B, HZ RN
3KCIO = 2KCI + KCIO, (hn#o
2KCIO = 2KCl + O, (fE4k55])
(3) Preparation:
2Cl,, +H,0 + 2HgO = 2HCIO + Hg,OCl,




2Cl, +H,0 + 2HgO = 2HCIO + Hg,OCl,

SEf b
2Cl, + 2HgO = CI, 0 + HgO-HgCl,
Cl,O + H,0 = 2HCIO
JMAHg OBGBKER & 1Y B )2 kR 2 Cl2/K 2 BRI HC

(4) EBEH
2Ca(OH), + Cl, = Ca(ClO), + CaCl, + H,O
CO, —» CaCO,




3.[+3] O.S.

CIF, CLOs(K%) HCIO, CIF,~ CIO,
Mg, e, A5 RAERRMN:
Ak

2Al ,0, + 4CIF, = 4AIF, + 30, + 2Cl,

B
3NaClO, = NaCl + 2NaClO,

I 4

NaClO, ([E4k) = NaCl +0,




4.[+5] O.S.
CIF, CIOF, CIO,F Cl,0: (F%n)
[CIF;] [CIOF,] [CIO,F,] ClO;
HCIOANFLE RS, {HA0% IR W ] LA
£,
‘B HBa(ClO,), + H,SO, = BaS0O, + 2HCIO,
4. !

HCIOz: 4 5t S HNOsAHEL, 2 /KB EALH .

oxidation: 2HCIO,(II &) + |,= 2HIO; + Cl,

Tﬂiﬁkffcl N EEEA,, WEIEL-EH@HCIO:B‘SCI-&EZ
£ RC




L, E: Clh+1lL,—— 21ICl (EX&Y)
B#%: 5Cl, +1,+6H,0 =—— 2/0; +10Cl~ +12H*

I fifE: AKClO3=x= 3KCIO, + KCI

WeJR. WtsE IR
2KClO;=x= 2KCl +30, (catalyst)

HCIO; —  HCIO ,+C,+0,+H,0 (L£&ET)

ZZn(CI Og)zT 27n0 + 2Cl, + 50,
% QESBRMML



5.[+7]0.S.
cl,0, CIO,f CIO,F, CIOF.
CIF, [ CIO,] ~ [ CIOsF,] [ CIO,F,] -
1P20s518 5 RUER it 7K 15 2 ClL2O7BR it - 9 o

6HCIO, + P,O; = 3Cl,0, + 2H,PO, o~
Cl2078 k2 %€, {HiEL393KIRLE. #?m.ﬁmmﬁmﬁ
HCIO47E R AS e 9 30 SR 4k O\Cl SO O\a P

O/ Npn—o” N,
EKPRE, RRBHIKRZ —.
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Y. CIO™ ClO,” ClO,” ClO,” FF¥lffae it 5& 4k
YE, FHMERHIER 14
1. MCIOBICIO, IR A, X & BT MCI (1)
BICI(VII), R T HH8g o0 LA RRYE N 2R, T
Hd-p = g&1EH N5,
2. \CIO B|CIO, HIE M 43855 . The perchlorate ion
displays hardly any oxidizing activity in solution
3. \CIOB|CIO, B 4 15 .
XRHTHERRFEETFHE 8 m, H—O%
) 5 B YR 5%




T, BBREAS (IV. VIEAD) e

1.[IV ] O.S. : CIO A #E
7, W fR, ZRIRIE
&AL

17, A

2, mEMN

PbO + 2CIO, + 2NaOH = PbO, + 2NaClO, + H,O

4k, (disproportionation) :
ClO, + 20H" = ClO, + ClO, + H,0

il &

2NaClO, + SO, + H,SO, = 2NaHSO, + 2CIO,



BATFIIE2NO2—N204XEE, NO1H 2 H.H 1t
&8, BR1970FEWIRIFCl204, {EHCI204H)5EFR
ZE N CI(1)—O—CI(VII)Os, FrLACI204A/ £ ClO2
pIe Ly

N A CIO2AZE 5 XS ?

AR AN FH B AT A FEIR 43 FH0E
k.




2.[VI]O.S.:

RIFEECI,0,, (BSLEREEHIN:

N\

0,CI(V)—O—CI(VII)O,

VIS ES R AR RMWENTS, TAES

(LR
FTUACL,Os M FeRE, #RmEMT], Zbitt:

Cl,0, + H,O = HCIO, +HCIO,



§ 11- 3 Bromine Subgroup (X=Br, |, At)
—. General Properties:

1. RIETTEEMNSN-1, +1, 43, +5 , +7, HA
-1H81+5 USRI E .

2. Br AtRREHME FREEER/D, . BAMHE.

3. B BUFETEKY, FEANLE K.




—+ The simple substance

1. D(X2)REZ t T/, XRHT IR ZE
SN R, BXSNERT (BERTFX) BRG]
J1855, BTF=EE/D, FrClEmBRRRE/D.

Br, (& > (1) At, (Ial)
XRHTHEF R R, HRibREwE, 21
B /E FH 35 N B 8
2. MFo—LE AL TR ES, IR
3l, + 10HNO,; (&) = 6HIO; + 10NO + 2H,0




3. Disproportionation

Br, + 20H =Br + BrO” + H,0
3l, + 60H" =5I" + 105 + 3H,0

HIL AL CIO FF7E, FIER

4. Preparation:

ERESRAT T, B R NARE 517

0 degC
0-80 degC

HEERRN0,

2NaX + MnO,, + 2H,S0O, = X, + MnSO, + Na,SO, + 2H,0
2KBr + Cl, = 2KCl + Br,  (WEAREH T HI &)



ﬂr oy b ®
:;}-ws: ‘;]"‘51;*0""5:;*

&9 W
" ":;} :' 1.3 4

[.-g + Amylose (starch) = triiodide/amylose

triiodide ion + (chains of glucose in comstarch) = reddish blue triodid

The left is an end view of the amylose helix.
The triiodide ion fits nicely inside the helix.
Apparently, this complex of triiodide and
amylose captures some of the light causing the
amylose (starch) to take on the reddish blue
colors.

http://www.chemistryland.com/CHM107Lab/Exp03_DetectOzone/OzoneLab/Ozone
Lab.htm



.‘} C 0""'5 i; i
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[.-g + Amylose (starch) 2 t

triiodide ion + (chains of glucose in comstarch) = reddish bl

BRI 2 4
TESSERVEVS W, Cut i 4Kl J5 A Cul, 2Cu? +
41" == 2Cul + LiX & — Nl R B, BT CuliE i
LEEN, FEA S ERIKIEERS, e WE B A 47 2t
17, LA NazS O ATV E LAVE R NFE 7R

7, lEﬂﬁ%UnJT?%HE
|, + 25,0, == 2I- + S O

http://www.chemistryland.com/CHM107Lab/Exp03_DetectOzone/OzoneLab/Ozone
Lab.htm



=+ Compounds:

1.[-1]O.S.

1) R aE 8, §rF—3Loil,
Y&l
(2) Solubility: AgX , AuX , CuX , PbXoZ5 31
(3) HTBr , IR, FrtlE5H 08 FHIBCALE
WA @JﬁnUFa UCls , T RAUBr4, Uls

(4) Hydrolysis

/T




(5) Interaction
KBr + AlIBr; = K[ AIBr,] 2KI+Hgl, = K,[ Hgl,]
(6) HX
a. N\HF—HIBE5REE /]S, B G
b. MHF—HIIE JF M1 55
BT AEL | - HB r fIHI R 88 F PBr FIP 1, 7K fif
PBr; + 3H,0 = H;PO; + 3HBr
Pl; + 3H,0 = 3HI + H;PO,




2.[+1] O.S.

(1) HXO = HX + 1/20, JtHR)

2KXO == 2KX + O, 3KXO=F= 2KX + KXOs
(2) 2 KA HI A R

KI+ 1, =Kl; ATER Kl + F1—1 = K[ 1,71 ]

[ICI,]",[IBr,]", [ BrBr,] , [ BrClL, | # 2 ELAILH,
LR NIERS, R\ THEHR, REE TSR
e HTIER T =904 FHE.
EREBRKHBEE IERE X . e, X

o1 FE R A2 U R E BB B XA
CsBrz =x— CsBr + Br, CsICl,—— CsCl + ICl

Bt XoN: MM RRERKINEY, H—BRENX
AR T NET BB =R R T




B —F e R BV, g XN IR R R
FHLEVIXX, nuEED), Blan: 1R IR IR

Brig, H—%BCE 1) X & R T AE A B Y & R
TR NEE AR T r g 1y, B EGAE DL P 3 H
Tt 7. WEMEEBR, nlok, BlE{eiis

e




(3) BrNO; , INO;,

BrNO, (ERMERIZE)

a. IXEAFRRE B3
HAgNOsx M3RE:

L EPEl2, Braf

=K

AgNO, + I, = Agl + INO,

b. 'BATER Z K
ICIO, + H,O

=HIO + HCIO,

C. SHt I Hh &

KNO, + INO

3 = K[ I(NO,); |



BrF, 1= ICl,
[BrF, | [IF, ] [ICl,]
3.[ +3]0.S.
(1) X203(X=Br , DFXH, EMIKHEFBro, 10,
AEE, FZHBA.
(2) XX, 57K it
BrF, + 2H,0 = 3HF + HBrO,
HAERE KA 3HBrO, = 2HBrO, + HBr

\l

bl

3BrF, + 6H,0 = 2HBrO, +9HF + HBr
T I(NO,) & A 7K ff I AL
31(NO,), + 6H,0 = 2HIO, + HI + 9HNO,




4. +5]0.S.
(1) Preparation:
a. XER:
Br, + 5Cl, +6H,0 = 2HBrO; + 10HCI
Ba(X0O,), + H,SO, = BaSO, { + 2HXO,
b. MR
31, + 6NaOH = NalO4 +5Nal + 3H,0
Kl + 6KOH + 3Cl, = KIO; + 6KCI| + 3H,0




(2) efEEmREAFN], FRTIN:
BrO,” > ClO,” > 10,

6H* + 10, + 51" = 31, + 3H,0
(3) FaEH: HIOs>HBrOs>HCIO3
HCIOAXAFE T W+, THIOsH B
HW LR . FRERE.

FEERME % T (Conproportionation):

*

~
5

PR3



5.[+7]O.S.

(1) 5CI. ItEHKR, BrI+7ELBSARIRTE
RIRHE, NEHBI A B2IBrFFBrO,
(2) IF, RAEIKE:

IF, + 6

H,0 = HglOg + 7H

HIOFRAT

- e ER, o

X

LRt i, TR

J\HERZER], MBHEPauling N, IESBERKK, =

2e-2, FrBLERIERT

353K

AN EEIEE P

413K

2Hs1 O —=>2C Hyl,0g —R » 2HIO,—— > 2HIO; + O,

—3H,0

H,O



(3) EfTARRMmAIEMF, FBERKI AL 1>F
R
(4) Preparation
a. FAL:
NaBrO; + F, + 2NaOH = NaBrO, + 2NaF + H,O
KIO; + CI, + 6KOH = KO, + 2KCl| + 3H,0
b. B4k
5Ba(l10,), = Ba;(10g), + 41, + 90,
Ba;(10y), + 5H,SO, = 5BaS0O, + 2H:|0O,



0. == AP =44

( Pseudohalgen and Pseudohalide )

(CN),  (SCN),  (OCN),
CN~ SCN~ OCN-~
% W A

B — B & TR R L& Eat ik
YR, RIHE5 =& THBIEIER . £8BRE
f, HERSHRER, EEMHRAUKER.




UHRS

< 7 B A BUE =

E BRI AN TH:

(1) RIS ETERE
(2) 5L, RS AIRIN 2 B MEB
3) S&RiE . SxRML, BAIRR.

A&(I) « #(ID)E

C BIMEE T K o

(4) S, 7KAE A AT s Z AR
(5) B MR RIS S .

(6)

AT E5RET

— AR,




3. RMFEMNY) (cyanogen and cyanide)
(CN) &M= IN=C— C=N:
TESE, BEBELRKR, K.

il W]

IS

In#AgCNELHg(CN)25HgCla3E#

2AgCN = 2Ag + (CN),

Hg

CN™ + CNO~ eO—H—(CN)Z{

bl

(CN), + HgCl, = Hg,Cl; + (CN),
2 L

—% ,eNel—22 5 CNO™ +Cl™ +H,0

—H"2 sHCN



FiEEMHYEIE, mogEKKCNELNaCNEL ] f# A
HFL. L LT RN A EAR R AT B

boiling
2CN™ + Oy == 2CNO~ , CN~ +S CNS™

CN +0O37— CNO +0,
2CNO™ +3J3 +20H"

AL AT B P C(IV) AL B4 555 X B 115

Na,CO, + C+ 2NH, = 2NaCN +3H,0

2CO5 + N, + 30, + H,0

CaC,+N, = CaCN,+ C Calcium cyanamide

CaCN , + C+ Na,CO, —— CaCO, + 2NaCN

CN# 5 5348 Zn?*, Ag*, CA>TEEaE R
BT, NERNESEFENYTENaCNEKCNE B+
T B EEC B T AR ] %




4. IEAREEEL (thiocyanogen and
thiocyanate )

(1) ] 2% -
a. (SCN), :
2AgSCN + Br, = 2AgBr + (SCN),
b. SCN™:
KCN + S= KSCN
Mk E: 4NH, + CS, = NH,SCN + (NH,),S




(2) B : W T (SCN),REERAE. (SCN),A
FRE, AR R A M IR AL E 4R (SCN)n
(SCN), + H,S = 2H* + 2SCN~ + S
(SCN), + 25,042 = 2SCN~ + S,0,2
REZHRMBIREZBET /K, MELREWH(SCN ),

%7K, SCNZRIFMERAME, Fe(IIN)EFr5H

R PASAREEN: R N
Fe3* + nSCN™ = Fe(SCN),3™"




