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FrttE K A

HIR B MR, RBTESERREFYREER. B
RREREBREFENS 0.0001%, THE—EXREE: KA
B RITR IR R R RS, RAEAFHN gL, N
BA—EMLEWMTEPERELEE. MABEEAK
K, XHKEGE EHITE K S8 S L 4 R SR

EERKHBRRHBETE DN LA PHRETSNRE
FREM, EERY 30 km (%, SRBLARE TR KR
SHENENRS, TRER—FE, EHRWEET, AR
# 0.2 ppm MR AR R AL R R N T A R,

R—ERIEBBAS G SRR LY BMALEER, Eilk
Bl b, BAGITIESKERG—REAE. EERNERE
HEH., BEas, RIEEWAILERDSE $+mm . |
ATH GETRE M2 NE GBHAD WEMER,

17.1 KSBYEMK

£17.1 B HAKEHRNGIER A E R 2T AR
SAMBIPE: KRR M B TIR, h 0.02 4
0.005, THRIFIURL Il i s iAok BE AL 41 I, s
MK, :

FRMER, REHULE, SRR, B

Y OBRHEEMEIERS,

S T

1)
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2177 BEAENE. TRE|SHEAR

B4 BERAR R 4 BERAR R 4 BRAK

N, 0,7808 Ne  1.82x105 SO, <1%10-6
0, 0.2095 He 524%x10-6 O, <1%16-7
Ar 0.00934  CH, 2% 108 NO, <2% 108
CO. 0.00314  Kr 1.14% 106 I, <1% 108
H, 5x10-7  NH, <1x 108
N.O 5x10-7 CO <1% 108
Xe 8.7x10% NO <1x10-8

i £ R E R, SASTEIE LA B I i B 5 PR
BHMLRBE17.2 HH,
$17.2 SERSHCOFELEANSEEE

HERY =R % =X ppm=10°X" -
R % — % = ng%w ppb=10°X
HE=XGEE
__ A E &P
mol/dm? =~ DT

* TRASMTHSTRE 2.0,

BHEE, HEMIKEEHR.

—— R BLY% 5 BUR % A,

— R 2XHAEANE 100 AEERBEPERRBDKRE GE
B RARWIE 7.2 BimhERYRA,

— 1T 2 /5 BN KEARN S ESKE Gool/dm®) % &
ARMBAES s FERE REBM* "

—B% M ppm (§J5 4 ZJD R pob(H 2 2 D E R E
AR B, XFHIK BRI B S IR A LU R R 4 8

« n_ P
V RT



BT, BH, 45 e B R B0 TR BE 0“1 ppm”, BB TE 10°BERE K
PERWLEG 1 BRE—EHIANITRE -2 . SAH,
XA ASVEWOR P, ppm B ppb M ER RS BWEMZ E, I
KBRS 1 ppm §14, FBIE 10° Sk H 1 354,

FEI17.1 MEE1T.1517.2, HH.

a. 25°C IR, WHEMESh N B %, RE%. 100, 0kPa 3AETF
B3 i fe 2 B (mol/dm?),

b, F KB (Ll ppm Fl ppb £R),

8 a. (KBY =78.08%

BB % =78.08% x 2289')0& =75.4%

Pn,=0.7808 x 100.0 kP2 =78,08 kPa

_ 78408
(8.31) (298)

(EE: 0, MM=32, Ar AM=40, XREBEKWIEAST BB
N W4y F 8D

b, 10°(1.14x10-) =1.14

10°(1.14 > 1075) =1140 _

ZRAFAEEE N EMETHESSSSEEEHNE (R
BB 17.1 FR MRS SR BB PR EES
PR 52 & A D7 RS8R, E R B — 34, B4 S St — A4
ML, BRI AEERS SR QK ERESES,
WEFRERE BHEL, RE, BESFSKBEREEK GEYE
M 200 atm [Eh 20 atm), fEZ 5 — BB H ., UEES F2HED
SERGE AR, DURMCIRE TR B, R R 5
THRTRE, BMLRRETSSMEE. B8 JRET
HEER D RBIRAEEF B E,

HWEERERAEY, B Gr=1TK)HhEEL, Hali
WARWSE bp=90K). EFHEEME, 4 bp=4K) 54

3

=0.0315

-



B17.1 BR#EM. “EEBRMKEEZELEAE NaOH #(A)
ERBE, RAEERE B LEHHEIRZHFOR
#H; AR VAR, SEBK TREHE-SRY,
LU HWMAEF, BSEDLER.

(bp=27 K) AW G —ERE, KBHE bp=87K) 5HHE
BHNRASGERERE—E. XERABETELERSRE
PSR B L 24, U DL RIAE B 7 v A SR o 53 B B R 1,
FREAERSPRRM. AEXRTPNKEELESS PR
EHBE.

17.2 &

FERIAIHER IS EERGWEF, HEARSREE
BIBAR R TR 4.

LR

EEHSASET, AAMAMEMLERREERN. RH
RREALT No 4 TR G RIE,

: EN:<g)——+2:l:\r-<g) AH=+941 k]

MERHEE GHiE 5D RN E &% RRKAH, &
BEAGE) WAKE, XHBOREEERETEREHZTL
.



9.
BRTEALHRERNSE i, 8 RERN.
6 Li(s) + N, (g) —>2LisN (s) 17.1)
3 Mg (s) + N3 (@) —>Mgs N () ar.2)
ﬁ%%A%ﬂaﬁﬁ%%,(N>“ RERBETHRE RMS R
ERERANBN G AN ML, Bt fb S 2 BRI 1
TN TR, BRANSEAEETRUTERSSRIAIENY

Ko FE&EH.
RARFEMIESB—EMEHEER AR Y,
N3 (@) +02(e) —2 NO(2) 7.3
N2 () + 3 Hy(g) —2 NH; (@) ar.

SRR RAETERE 2000°C WEE FAEE 2T KM=
Yr—FALBIE R HE B 43 R H B R (AG™ NO = -+ 86.7 kJ/mol,
25°C), A(NHa)lk — E LA B2 B £(AGP™ NHy= —16.6 kJ/mol,
25°C), HE, HMNKLSEDN, REERHBEFTREMBLISE
EWBAT, EFEETHHEREE,

BIRRME R EAERRT Mk EE. BSEA®
RHNHRTFEEES, BRAERRIBEPRENSELERD
M, FLmR, FUHINERmYEL BEMLD L SREERSHK
FAIELB L BRIk, MEMRSHATHIRBEERERAER
LR RE N ok 5 et 28,

B E

DEARBAENEN THEDBELRT LM, ARR
REHHRESBERZEREANEE, PEBLIERMB2 R
HieEY. ENHEES, PERBEFREAHEIEMLE, %2X
5 KR B A R RS RR

BERM A - FEENRRAIBALEEY TR, 54,

5



SHESEES REAENEREL, XEARSHE, ©T
BALB R RS EME N, BRARTEONELR 22,
EEXOHHRRNBELAL, XERBESETRET, Hd
—HESEH, —RAA: FTFEESBUSRRTER— Mk
SAY: WEAPHZXBELIBRBRENRSE Y. BE, kit
Byamnedisay, AT —-d¥eR—autey.

FEHEADBEMRNERBEES, ARBEERRET
LM EEMA RS Y BT EUNE 8 RAGARR, £5E
G2, PR AR LI HLE” (B3,
1808 4%, Fritz Haber ZEMEEMH: AKKHE 2R TLLEL R
SER R A R R,

No(@) +3 Hy@—=2NHy(® AH=-924k] Q7.0
BHRBFRTEBIEE L RNMERE. R UFAETHE
HIWE, fEREEEY INREBESHERE—TND K
B, 1913 EE—BARE T HAER, EE— KR A
BB, Haber /=T RASMEMA, MMHE T KEMNEH
B E A TR E B, X R I T,

Haber 32 B4R LEE RN EERE, E2EARLT
BELRAE, URESEBRERNEEBRBHETE, &
EREXKET, PHCEERHAFTEANER K.=5x10%,
BRFEEEETE. B5RETUR LS T, PR
17. 4 REIE N (AH0), BEEF T HE 58, FEitam
FPERMEIE (F17.3), B—HW, &EXHR I8 AT 608 5
HHR. BERMEH BT RN SRR B, W s R
HRTH . BN R R S B BR B P A (4 JRIR—2
IR, LA I 7 L300 P4 B L AR X

Haber Bk MBI LA N T RK—HBEMH; ML

] _



}®17.3 Haber 2B GFBAEANEHFEN=REKE
([sz =3CN23)

PHIBE Y P NH B #RY%

0°C Kc

10atm 50 atm 100 atm 300 atm 1000 atm
200 650 51 74 82 90 98
300 9.5 15 39 52 71 93
400 0.5 4 15 25 47 80
500 0.08 1 . 6 11 26 57
600 0.014 0.5 2 5 14 13

REMRRL 17.4 TR T BB BB DA S X s e A7, B
EREL BEANBANRE—MEIIMS e EhEEA
BHREY, AWM 400—500°C @S 200—600 atm E F
THEfT. Hbp=—-33ORRERENKERAE Y% i1k,
FENARSEEAFHAUREBEANTR., XEE5EMELRH
Haber $4Ef=#4) 16 X10%kg, H b KM HAEMLE, REEU
gHEAER, INHD,S0, R (NHpPO,, RETRRME LA
IR % (H,N—CO—NH,),

2 NHg (9 +C0O,(g) = H,N—CO—NH,(s) + H,O(l> (17.5)
ARSI ER T R R, &EE) Ostwald Jrk, CHLIE T H—
RV

4 NH3(g) +5 O5(2) —>4 NO (2 + 6 HO(®

« (1000°C, Pt figfk) (17.6)
2 NO(@) +03(g) —>2 NOy (@)
(NO 2K th ¥ 51D ar. v
3 NOy(2) + HyO (D —2 HNO, () + NO (2
(NO; BA K 17.8)

7 Haber @pfERRMPTMAEDTL S EEFANE T R
Ho RESMEREFHRBSEIEREBKABT XM
7



KED, MRRKHE K 1000°C BHK R FBRRHR R, * KpHRE
BRSSP RASKKMERRLG MR
CH, (9 +H,0 (g) —CO(g) + 3H(g) 17.9

GRENEEZRTAREARN (AGP™m=+1421k], 25°C), B%
BRTAENE L OH=+2061k], ASktm=+215]/K),

BHELE, R 179 A NENNHRET S EREES
ST 2RNER, MRARIMBHERLARETZHRA, #
BT Haber A= @m#e i, X% XL B iE
Bk, BRI ZRBEFRIUN T E; &L E R AR % KRR,
B E TR BRI L IB R, MRREE R REA M. REF
B—AEEENHE N, BEBI —MWALE RN Y EE
R H .

17.3 &

FREALAERBE, X—ELERMTEES 8 f
(3.0 % 25, H>, WEMRT O: HFRU N, # TRHEBE, &
FHGERT, RERESE. BE5ETAERLR P, Ay,
Pt) FEERARHIR N,

SEMMEKEFMN 18X 10° ke M4, HE KA FREHA
W, EREEPAMBEEHRIES, SEVGHEEEE, ®
BB R CO: LR ES P S B K, SR, & BRSRFER
BRAREADTRE, BMEERE 1H 2 /MK, WEXPH
WAEE NS 8—10 /K, FTBAA B E R K.

w5e MM KR

BFEEAY LEH5LEREN, “HEEESHEAET

* RS H RAEN A TR A T H A 7 T A8 B,
8



O Wl TRE K. HME, 58 REZRHET,
4Li(s) +Og(g) —>2 Li,0(®) (17.10)
2 Ca(s) +04(g) —»2 Cal (s (17.11)
WEHEEBERPIE—-MALY RI1T.O.2HKRE,
ERIETHE +3 B (Cra0a Fey0) | +2 W (NIO, Zn0),
. BB L F RN MO, LY, HH A O BT H
BARMH—8 A2 BT RHEA+3 BTV4.

#17.4 F-HAERSMAELY

HET . Sc Ti v Cr Mn Fe Co Ni Cu Zn

Tio: V;O; CI‘O, Mqu
VO, MaO,
M3+ SCzOs Tian V;Qa Cl‘zOg MﬂzOs F6203 CO;O;
2 M3, M2 Mn,O, Fe;0, Co,0,
Mt TiO VO CrO MnO FeO CoO NiO CuO ZnO
+
M Cu,O

HERERPE—HEFHUELYN, ERETERNEE
EREMALY SHRSEREETHARD. flm, &%
AEZETRBEZPN, ZEBELRBEOEMLHE dD.,

2 Cu(s) +0y(g) —>2 CuO(s) (17.12)
HEAY P EH 900°C i AT 4% 4k 25 H AL T 47 (D, CuyO,
2 CuO () —>Cuz0(s) +1/2 Os() (17.1%)

XHERASTEENRORANZEBRE, RRHEMB, MR
FZ 17.13 338, 208 K FFAGYR™= 1108.0k], JFPl CuO Zixis
FAFT ARERRE A CuO, R, Bl ER W HAS ™ & iF§
(+120 /K, A RER I, AGH=™ @R/, 75K % 900°Cht
(RIE, 17.9, AG™ FF 2, BHXMEE, CuO MER
ERERYT,



WEHE T ALY, R 1A ‘ﬁZAﬁﬁﬁﬁB’J%%ﬁﬁﬂ:%
557K BB A AR B L U1 B K B
L0 ¢s) +HsO—>2 Lit (ag) +2 OH (aq) (17.18
CaO(s) +H,0—>Ca*(ag) +2 OH™ (a) (17.15
LEREMHIER, REBEEE O™ BT H0 4 F2 BAKF A
OH~ B-F, )ﬁ%?)‘—iﬁﬁﬁ, F%5 R
(0)2‘+H O H—2( O —H~
Eﬁ"a‘ﬁ%ﬁ‘iﬁa%ffﬁ}ﬁ?mmf’“fﬁiﬁzﬁ&(%ﬁ‘ﬂﬁ)o%iﬁ’u
5K R 4R i OH™ B -F b & 93l 3 Wil
HMBRALY FRid@EeReEtWEEREMEMTIER
FrER, MZEK (Ti0p, MZH4sE MnOp HERMUTF
SiO; W K5 T4 ’fﬁﬂa%%ﬁrﬁ%% (MnyOp) & —Fp7E—20°C
DTERMRaaldE, XARUR—HoTFREH, 8t
BYBAREKEREREEREF,
SEMEPDESBELY BRNEALERNHEE TR RG R
O*, BAERLEHT, SURBERRRETFHET, RENTH
Lewis 514,

Y

(O—-O)z' (O O)"

ﬂﬁ%% ﬁi%%
%’fﬁéﬁ@!&%rﬂ FRISEE R, BHEE R EE T
2 Na.(s) +05(g) —>NayOy(s) G E LD (17.16)
Ba(s) +0x(8)—>BaOs()  GIHEAHD ar.1n

CGEE, Beib* NaOp ki, —4 OF B¥HEM A Na™ HFF
#; % BaOs i, —A4 Ba* 5—A O T4 EMRKHT,
WEREERY K ETH-107 B

* FRPEREAY W ALO,Fe,Op) W TR, RELXMRI,
10

-



K +0;()—KO. ()  GHHE LD 17.18
SREACYEARARMEESELERE 00 58
MRS BN, ER. L0, WkBARHEEER
&, PLBifeko*
Na,0,(s) +2 H,0—2 Nat(aq) +2 OH™ (aq) +H,0,(aq)
- (17.19
- RBEAL Y 5K B RN BR P Y i — A E T4 ’ﬁJ:iBELEZJIﬁM
2 KO,(8) + 2 HyO—
2K* (aq) +2 OH™ (aq) +Hy0,¢aq) +0,(2) a7.2m
G 17.2 SHePEty. dELYSHALYHLEER, URE
TR E B W i3 77 B R,
ﬂ:E%%lAmi%,Em%?ﬁ%+1mﬁo%*w$ﬁmT:
kY. Ce0  (FiA-Cst, —A40)
L&Y, Cs0, GFA Gy —4~ 057)
BELY: CO0, (—4 Cs*,—4~ 0D
HKH R AR 17, 14,17, 19 & 17, 20 2641,
Cs,0(s) +H;0-2 Cs* (aq) +2 OH- (a .
Cs,0,(s) + 2 Hy0~2 Cs* (aq) +2 OH (aq) +H,0,(aq)
2 Cs0,(s) +2 H;0—-2 Cs*(aq) + 20H" (aq) + H,0,(aq) +0,()
54 &M R
EEREMMPRY B EEMENTREBETFHEN. F28
My & BE L I CO, CO,, SO, 550 &4+ T By, H it
Akt REEMERGELY B0s 5 SiOy, BRANSTRMN,
REFEEB NC.S TUERAFIE—FE Y. BT
BRMATY, RALBEERFEFE XEAGFTHNTER—HE
WM AF TR S —MELY. EXFRET, EeBAE—RE
BEREEER P RER LR B A, MM, BRREESP

¢ SRARKYMERLYRETHELEE.
1



