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Kinetic isotope effects

= RN N ENMNEETES. REMRE

RE., ZEHFEE: E—ERESFHETDN, 8
1848 /:leKEl'J—'i’] Zf1 BE (average Kinetic energy (KE)) 2
fBE8Y. flans \?12C16O 55 FRCBOAE—EmE
<, HEHHEE: KE (*“*C0) = KE (**C'°0)

\H

Y KE = %mu2

1/2(28)( 05 )* = 1/2(30)( U, )’

1l v,, =+/30/280,,=1.0350,,



Kinetic isotope effects (£)

%ﬁ_?iﬂ"\ SERfEZES FLLEREMNZS TETE
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HRAE 2 R B RO RS IR0
V = Pfz,[a][b]

AP, 1, 20735l 9 ) R CREASE S A ZE 03 A6 70 TRl o5 5 Ak 231 TR
iR EEGD AL TR G 1 b B AR LR A A3
BT B IN AR, [a], [b]or il 4 e A, BRIEEZRIREE GEREL)
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Thermodynamic isotopic effect

MAX, + nBX_*= mAX*+ nBX_

[BX:n1\n

= G TIBXI  AXy ) [BX, ]

K= [AX,I"[BX,, 1" ~AX,” [BX,]

AG=AGY+RTInK
MR AR &R, AG=0, AG=-RTInK
2N/ 2 C1e0, + 180, =C180, + 160,
A GOA“-"InK<0,M A G<O, = ¥ [a] & 31T ;
A GOh“-,0 <RTINK< | A GO, A G<O0, /2 [z [a] 4 31T ;
A GOA - | AGOI<RTINK, M| A G>0, 5z [z 8] 22 31T -




Biological isotopic effect-Calvin cycle (C3)

EYIEMLCO, B2 M I1E: COBidMAEEH
ANMRERR . HCO,-CEREEE L AT S Dhx.

CO,+[CH,0p-CO- —————————— 2[COOH-
(HCOH),-CH,Op] mﬂ*’%&'ﬂgfﬁﬁ% CHOH-CH20p
%W BEL,5- IR 3~ IR H ¥ R

Material 6 13C(%o)

Ex1 P CO,HI R SHF N
Ribulose 1,5- -13.7 -13.7 RRBCHE L8
diphosphate %0, HARTEEGHE
CO, source -5.4 -0.2 WENEIERE L
Triphosphoglyceric acid |-15.2 -13.9 78
CO, incorporated -22.8 -14.9




Biological isotopic effect-Hatch Slack Cycle (C4)

B {RPEP (5l 15 B2 T8 BiES ) BE 32 (X 1 32 F

A ik [B] {3 25 B 53 T 38U

4 B PEPESHE 6 13C(%o)

iz HCO, |PEP [malate |AC,-HCO;
31.25 |-19.7 |-22.31 |-0.51

= 31.10 |-19.2 |-22.31 |-3.55

i 5.7 -18.7 |-16.6 4.6
5.7 -18.7 |-15.8 1.8

g 20 Ll S Al Haug 2.9

e 291+ = [-19/1 (=222 2.5

T iy 2.6




Biological isotopic effect-Hatch Slack Cycle (C4)

PEPY{t. 1 OOH
(D‘f‘?,}]éﬁﬂ@\ 5 COOH/ P
“Or i -2.4%o |
CH, »CH,
| |
C-OP ;(_}:O
|
COOH »COOH

OOH

i 5 KA
eE s B P BT 2T I
e s A L Ll

|C=0 3 CHOH
CO, COOH
meq// $%&%mm<%ﬁ
e § =R EE )
Cycle
Pl R
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Temperature and coexisting phases

——magnetite garnet
o whole rock albite
—— quartz

1000lna (mineral water)

=15

Temperature ('C)

1000lna = 6 Oa- o6 Ob f — 1/T2
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|Isotope composition of international

reference standards (Fry, 2006)

H/L value %H %L
Standard 2H/1H 0.00015576 | 0.015574 09.984426
mean ocean | 17160 0.0003799 0.03790 99.76206
water (SNOW)

180/160 0.0020052 0.20004 99.76206
(Vienna)PeeD | 13C/12C 0.011180 1.1056 98.8944
?\?PBDGI'B‘;m”'te 17Q/160 0.0003859 0.0385 99.7553

180/160 0.0020672 0.2062 99.7553
Air(AIR) 15N/14N 0.0036765 0.36630 99.63370
(Vienna)Cany | 33S/32S 0.0078772 0.74865 95.03957
on Diablo 345328 0.0441626 4.19719 95.03957
Troilite (VCDT)

36G/329 0.0001533 0.01459 95.03957




Atmosphere over

Continents Atmosphere over
0.01 X 1015m3, Vapor thansport Oceans
6 180=-20=% 10%o 36x1022m3yr  0.05X 1015m3,
Episodic, f 6 180=-12 4+ 10%o
longterm N
transfer Precipitation
12 V.o . -
Ice caps and glaciers rln2;>r< Lo Precipitation | Evaporation
25.6 X 1015m3, y 398X1012m3| 434X1012ms3
5 180=-30 + 15%o Evaporation Iyr Iyr
Episodi 71X1012
pisodic, m3lyr
longterm
transfer
runoff Oceans
it CAf %ﬁk): ) . 1350X1015m3
O X 1015m3, § 180=- 36X10?m3/yr § 180=0.0 %o
8 = 7%o

Pt — 8 iF — K =IKMEIR R BORIMLE 7

Sharp, 2007, p67
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[Sharp, 2007]
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ALK 6 180

-6 to -2
-10to -6
-14 to -10
-18to -14
-22to-18

<-22

Kendall and Coplen, 2001
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Atmosphere CO, -7 to -8

§

21

d
«

Leaves
-28

Fossil fuel
CO, -27

S

Soil organic matter

-26

CO, -15
POM -35

Lake

A

-13
il

v

Tropical C-4
grassland

Total dissolved CO, 1

Ocean

6 13C distribution in ecosystem

POM -22
DOM -23



Atmosphere N, gas 0

§

Fossil fuel
emissions
NO, -2 to +4
NH, -8 to -4

()
LYy
Precipitation
NH,* -18 to +8

Leaves [NO; -1510 +3

440 b N, fixers

-2to 2

v

Soil organic matter

&
<«

Fertilizer
NH,* ~0
NO, ~+3

-4 to +14

Lake

Dissolved N, 1
POM -2to +11

Deep water NO5
+4 t0 +6

Ocean

6 15N distribution in ecosystem
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6 13C values of plant groups



EPEERX13C/12Cx A B&E 2 Mn(Wickman, 1952)

HXYTFBEFMNRENIMERECEE, BFMW ﬂ&’I‘E%}i‘Z
BCEERTFIMERBCRE. FREYERALCE
B89 % Mﬁ#ﬁ“&’é’.\%*ﬁﬂl (Galimov et al 1985)0

;'J(7kl_—%13CA§( 6 13C -20to '30%0)’1\_ HIEEY)
(8 13C -17 to -22%0) , EEERIKFCO,[RZ K
P E SRR, ERORKPRECE =/ EE.

mEWK, EMERACCEElK. SS5EFLH
XEYRBCE =N REE KAMX




50 T oD=8 0180 + 10 —

B_ Global Meteoric Water Line —_—
0 : o B
North Carolina et
y=6.32x+290 _ Florida
ré= 0.96 - v =543x+1.30
re= 0.96
50 [~ B
T Minnesota
Y y =5.66x —16.92
© 00 L r2= 0.82 )
150 | i -
Py =7.40x - 5.62
re =0.93
_ | | | | |
200 -25 -20 -15 -10 -5 0 5

5180
Al . . EH 6 D5 6180k A

Kendall and Coplen, 2001




Isotopic composition of the carbon of lipids, total amino
acid fractions and carbon of organism as a whole

5 13C(%o)

organism Organism as | lipids Amino acids | Residue after
a whole extraction of
lipids
1RF T -18.4 -25.1 -- -17.0
wALP . |-27.6 -33.0 -26.0 -26.5
AT -25.2 -28.7 -24.0 -24.3
14 5 5 -27.5 -32.2 -26.4 -26.8




X -22.9

/ \
HH-23.1 2215 -23.0
Hak-21.0 N %-21.8 &5 1R-27.6

Vel e

COOH CH;CH COOH s  COOH
-19.7 :29'3 -24.6 155  _og9o  -14.8

o>l
[

B UCH BN




F I E ARG SECEMALEZ =( 6 1*Cho)
Sample |TotalC | Rk FLYE | Y4ER | B AR
numbers =
1 -21.2 -16.3 -16.7 -20.4 -19.0 -23.8
2 -19.8 -37.4 -17.3 -20.2 -19.6 -25.2
9 -20.2 -17.0 -18.2 -21.6 -18.1 ND
12 -19.9 -16.4 -18.3 -21.5 -18,4 -21.8
14 -20.2 -15.5 -19.7 -23.2 --- -20.2
16 -20.4 -17.2 -21.0 -23.6 -19.2 -22.6
18 -20.1 -17.1 -19.6 -26.7 -21.2 -25.3

Galimov, 1985
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bacterial CHy
animal bone

atmospheric CO
marine HCO;
marine carbonate
marine plants
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land plants Cy type
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groundwater HCO3™
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peat
coal
o1l
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General view of 13C/12C variations in natural compounds
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Community 0 - —- Undisturbed Age
shift forest soll
-0 - - 750bp

= -100
L - 3000bp
<
=
8 -150 -

-200 -

-250

-30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10
6 *C (%e)

6 13C dynamics after shift between forest
and savannah in Africa [Delegue, 2001]
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Pollutant track
Spatial
distribution of
deployed

e 3| Macroalga

6 15N values
In September,
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g (Costanzo,

| 2001)




@ NH., NO,N,O,N,
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CO, (-8%o) alay CH,
e CO, CE) (-100%0) (-60%o)
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Anaerobic conditions

Carbon cycling
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INEAEE KA B BARIR R MR (mmolCO, m2 ht)
2004—2005 2005—2006
Ab
133 150 174 144 161 194
4.47 B =553 479 536 295
FACE-HN  031)  (023) (018)  (063) (0.70) (0.07)
| 4.43 AD07 L3 SAS EA 5 U gy g3
Ambient-HN 560y (025) (020) (042 (0.32) (0.01)
3.87 512 191 4317 50298
ipoen (0.26) (0.21) (0.13)  (0.40) (0.50) (0.14)
. 3.88 N B A B gl i
Amblent-LN gy (037) (019)  (029) (057) (0.45)




INEAREIE KA S EIBYR R MR & 1 3% IR 8% Bk 45
(%)
2004—2005 2005— 2006
Ab

133 150 174 144 161 194
201 257 138 231 223 141
S e s O T Y RS D)
| 319 214 238 259 204 204
AP g (14) (0.5) ATy )
269 264 131 242 260 148
fres L, 22) (14 (09 (16 (29 (04)
. 307 220 185 289 213 192
ADIENEENG 85 gyc sy Sy - S sl S S




Z /N A TR IR AR AR PR
AN [\

A e (molCO, m?) (molCO, m?)
FACE-HN 41.16+2.11 13.34 = 0.62
Ambient-HN 33.81+0.98 13.67+1.0

2004-2005
FACE-LN 36.87+0.77 12.32+ 0.66
Ambient-LN 32.02+0.95 12.414+0.40
FACE-HN 45.15+1.65 14.16 = 1.01
Ambient-HN 41.631+1.15 13.70x0.83

2005-2006
FACE-LN 43.554+1.32 13.04+0.72
Ambient-LN 39.61+2.08 12.44+0.42




= H 1/ =" [ =0
’J‘&::ﬁé#%"? N =
TR E
SE A JOEE
(molCO, m?)
FACE-HN 27.82
Ambient-HN 20.14
2004-2005
FACE-LN 24.55
Ambient-LN 19.61
FACE-HN 30.99
Ambient-HN 27.93
2005-2006

FACE-LN 30.51
Ambient-LN 27.71




INZA TR A

~

S - ZEIFPIR B CO, Y 6 BBCHIZRAK (%o)

T HA A Fh A= HA ¥ A
Ab B
132 d 151d 158d 183 d
Plant -19.1+0.8 -21.040.1 -24.01+0.2 22907
FACE-HN
ck -15.2+0.5 -18.0+2.3 -22.2+1.1 -21.0+1.2
Plant -19.9+0.9 -19.9 +£0.5 -22.2:+0.6 -21.8 +£0.9
Ambient-HN
ck -16.5+0.5 -18.0 £0.5 -20.3 +£0.3 -21.0 +£1.1
Plant -20.2+0.7 -209 £0.6 -22.7 +0.6 -22.4 £0.4
FACE-LN
ck -15.24+0.7 -17.4 £0.4 -21.2 +£0.9 -21.4 +0.3
_ Plant -18.34+0.5 -19.7 0.2 -22.8 +0.1 -225 +0.4
Ambient-LN
ck -15.44+0.7 -17.9 0.8 -21.2 +£0.9 -21.8 +0.4




AU R YRR R PR 3PP IR I DTk (%6)

TREBE BETH EFETR ETRA

abze = Al Bk PR

% % % %
FACE-HN 100 34.1 40.8 2P
Ambient-HN 100 19.9 50.4 29.7
FACE-LN 100 30.9 44.1 25.0

Ambient-LN 100 16.2 54.9 28.9




M/ 5 3 A HUR A BE TR

LbE 13 8 13C (%o0) FRE 6 13C (%0) B9 % (%)
FACE-HN -19.40+0.248 -25.175+0.295 8.55+0.039
Ambient-HN -19.18+0.113 -25.825+1.055 4594+0.016
FACE-LN -19.294+0.169 -25.210+0.390 6.72+0.032
Ambient-LN -19.114+0.124 -25.875+0.095 3.61+0.018

JR+ 613C -18.86




= CO,KE FH T NEFRE IR

FINE—TIERGEE T
2004-2005 (g C m?)

FACE-HN Ambient-HN  FACE-LN Amfl'\?”t'
1 [F Ak 1023.3 773.4 839.7 638.2
Hh F AR 663 570 543 476
R AR K 38 40 39 35
B TR 153.9 82.62 121 64.98
IR BT B 168.4 80.74 136.7 62.23
T3 R AR R 201.5 204.5 195.1 210.9
+ 3k 5 47.6 121.9 74.1 145.9
EFE T 653.4 488.12 507.9 375.08




e FACE
_ i Cng.T87Ln(x)-374.47, R2 = 0.9959 T iER T EE L H
200 —— y=92.188Ln(x) - 377.93, R2 = 0.9853
—~ < : -2
T 150 FHN:91.35 g m
2 FLN:121.3 g m
355 o O AHN: 226.3 g m?
§ 50 ALN: 293.6 g m™
0 . . . .
0) 100 200 300 400

Straw incorporation (g m'2)

Relationship between new carbon formation
and straw Incorporation
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