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1. Fundamental Concepts
In Cool’s paper, the signals can be written as:

Si(T)=CR (Mo (E)Di@ (E)F(k,T,P) (1)

Which §;(T) is the integration of mass peak without dimension, @ (E) means
photon intensity which unit is photons/sec and has been corrected by quantum
efficiency:

I.(E)(unit: A)/q,(unit:C)
n(E)(unit : none)

@, (E)(unit : photons/ sec) = (2)

While 1,(E) is photon current detected by photodiode which unitis A, 7(E) is

quantum efficiency of photodiode.

There are two ways to obtain Normalized and Corrected Signal

Si (T’ NCNormaIized&Corrected ) .

a. Photon current information existed in spectra files:

S(M  sM i
q)p (E) B M - Si (T’ NCNOrmalized&Corrected) - CP| (T)G| (E) DiF(k,T, P) ( 3 )
n(E)

In the integration calculation program, if you've got the photon intensity data in
the spectra file, you can select the 2" headline as PI, and set Yes for Normalization and
5,(T)
I, (E)/q, /n(E)

Yes, SXUV for PI Correction. Then you can get the result of
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Headline Info. HL Init. | X Scale|PI

v | Energy (eV) j &

v | Photon Intensity (nA) j - ®

] | Beam Current (mA) j O

W | Gap (mm) j -
W | Time (sec) j -
¥ | Burner Position (mm) j -

I S B B B

|
|
|
(] | Temperature (C) j -
|
|

W | IonVac (Pa) j -

¥ | TOFVac (Pa) j -

PI Backeround(nA) | 0
Normalization PI Correction

" No

" NWNo © AXUV
b. Photon current information is not existed in spectra files

If you did not got the photon intensity data in the spectra file, the signal S,(T)

Si(T)

1

should be normalized by beam current first to get , then normalized by standard

photon flux —=~ (

which has been corrected by quantum efficiency 7(E). BC(t)

0

is electron beam current of synchrotron storage ring which unit is mA, BC(t,) meant

the current during experiment, BC(t,) meant the current when standard photon flux

o(E

experiment carried on.
BC(t,)

can be obtained in another manual (Zhongyue Zhou,

Xuewei Du, JiuZhong Yang, Beamline Optics of BLO3U at NSRL (Version 20191011).
http://flame.nsrl.ustc.edu.cn/database/?data=Training. National Synchrotron Radiation
Laboratory, Hefei, China. (2019)).
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s(M _ @, (E)

BC(L) CRMai(B)Di 55 © F(k,T.P)

S,(T

Blc((ti))—STNc =CP, E)D,F(k T,P v
(Dp(E) - i( ! Normalized&Corrected)_ i(T)Gi( ) i (' ! )

BC(t,)

In the integration calculation program, you can select the 3™ headline as PI, and

set Yes for Normalization and No for PI Correction. Then you can get the result of

S.(T) . . . @, (E)
——= Next, you can use the additional standard photon intensity data ———— to
BC(t,) BC(t,)

Si(T)
BC(t)

calculate @, (E) = Si (T: NCNormaIized &Corrected) '

BC (1)
Headline Info. HL Init. | X Scale[PI

v | Energy (eV) j w
W | Photon Intensity (nA) ~| & ©
W | Beam Current (mA) j i~

v | Gap (mm) j O
v | Time (sec) j S
v | Burner Position (mm) j S
v | Temperature (C) j S
v | IonWVac (Pa) j Sl
v | TOFWVac (Pa) j S
PI Background(nA) | 0
Normalization PI Correction

© Yes O SXUV
' No GO axuv

Then we can compare S;(T,NC) and S;(T,NC), the equation will be:

S(T,NC) _ X(T) oi(E) D,
S,(T,NC) X,(T) o,(E) D,

(5)
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D _X;(Ms(T,NC) o(E) (6)
D, X,(T) o(E) S,(T,NC)

]

X,(T) o,(E) D,
X,(T) S;(T,NC) D,

o,(E)=S,(T,NC) (7)

2. How to determine MDF(Mass Discrimination Factor)

2.1. If shape of curve of S,(T,NC,, uiciecoresea) 11ts Well with o, (E)

According to equation ( 6 ), we can estimate a factor with error by comparing the

D,
S,(T,NC) curve and o;(E) curve, and again for specie j. The MDF E‘ could be
i

calculated then.

2.2. If shape of curve of S;(T,NC,, airedacoreced) do€sn’t fit well with o, (E)

If the signal shape of curve and o;(E) curve doesn’t fit well, just calculate each

: D,
point of EI and plot, then evaluate the proper value.

j
2.3. MDF of different facilities

Table 1  MDF of different facilities

0.36267
5 Torr X
Catalysis Facility —
(400pm orifice nozzle) 30
30 Torr ( X j0.75l48
(350um orifice nozzle) 30
0.76155
Combustion 150 Torr [ X j
Chemistry Facility (150um orifice nozzle) 30
260 Torr { . j0.77897
(80pm orifice nozzle) 30
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2.3.1. Catalysis Facility with 1 differential stage (1% stage expansion and ionization)

2.5 —_—
= MDF
||—— Factor: 0.36267( o 0.5
2.0 Factor: 0.5

| 30 /%/

] - :

15 i /%/ "

1.0 /'/ 0.36267
X

wl/ &

0.0

MDF

0 20 40 60 80 100 120 140
m/z
Figure 1 MDF of Catalysis Facility (5.0 Torr, 400 um orifice nozzle)

2.3.2. Combustion Chemistry Facility with 2 differential stages (1% stage expansion
and 2" stage expansion and ionization)

_ i ]
3.0 Pt

i X A
25 (m) 0<5148 /
A

5. A
X A
o /. (%) 05

3.5

MDF

\

0.5 /

. / m MDF .
0.0 Factor: 0.75148

- Factor: 0.5 -
-05 : . . . —

0 20 40 60 80 100 120 140

m/z

Figure 2 MDF of Combustion Chemistry Facility (30.0 Torr, 350 um orifice nozzle)
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4.0 ,
|| = MDF
3.5 1 Factor: 0.76155 T
{|— Factor: 0.5
AL * (=1)0.76155 -~
. 30
25
w 20 —
a) | _
= 15 ' IE!// -
] _// \
1 X
1.0 / (=205
_ 4 30
0.5
0.0
‘0.5 T T T T T T T
0 20 40 60 80 100 120 140
m/z

Figure 3 MDF of Combustion Chemistry Facility (150 Torr, 150 um orifice nozzle)

|
m MDF
41 Factor: 0.77897
| Factor: 0.5
. 2 )~0.77897
i U i~
| / f
L
s _— R
1 / )
X205
m (30)
0
0 20 40 60 80 100 120 140
m/z

Figure 4 MDF of Combustion Chemistry Facility (760 Torr, 80 um orifice nozzle)
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3. How to calculate PICS(Photoionization Cross Section)
3.1. PICS Calculation

According to equation( 7 ), If shape of curve of S;(T,NC) fits well with o (E),

similar method in section 2.1 could be used to calculate and estimate the PICS of

o,(E).

If not, method in section 2.2 could be used to evaluate the PICS of o (E).
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4. BEENRFWZ
Cool [RISCHRE, JFI(s 2 aT LK R A:
Si(T)=CPR(T)o,(E)D;® (E)F (k,T,P) (8)
Hep, S/(T) RFEGEHMIRE, TR, o (E) KRR AexDLEE, ®

fii. photons/sec, @, (E) A LIRS

I, (E)(unit: A)/q,(unit:C)
n(E)(unit: none)

@ (E)(unit : photons/ sec) = (9)

|, (E) ZGH BN ERBFOCRIEEE, B4 A, n(E) &6 —RE K
RFFH, TR
.[—an ﬂ U\@ﬁﬁ Pﬁ%#?‘iﬁ%iﬂﬁﬁ}ﬁ E,(J'f%% Si (T’ NCNormaIized&Corrected) °

— MR SR AR R

SM  S(@M )
2.8 1O/ T NCumamacomn) =CRMAEDFKTF) - (10)
1(E)

FURBRIE b, fERU TR S, AR (A YRS I A e S B
SEWEK S, WS AT, RO IREE S B R
ST s

A SXUV”, WAT15 3] = .
TL(E) g, 11(E) ®,(E)
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Headline Info. HL Init. | X Scale|PI

v | Energy (eV) j o

¥ | Photon Intensity (nA) j " ®

v | Beam Current (mA) j S

¥ | Gap (mm) j S
v | Time (sec) j Sl
v | Burner Position (mm) j ol .
(] | Temperature (C) j .
¥ | IonVac (Pa) j ol
v | TOFVac (Pa) j Sl

PI Backeround(nA) | 0
MNormalization FI Correction

" No ' No O AXUV

R S R RS ﬂu%zémw%w&—%ﬁﬁﬁm&

@, (E)

NI
ﬁL%qu

FH—4k. N, BC(t) Ron kIt AR, A2 mA. BC(t,)

E
e DN B v D T B I R PR B g)(;it )) R i 7 — A IF BB B AR g

0
BRI FRRIENAHECE R, i LOsE e g il & AR 1 aE R T DGR
B AL IR IA— 4k, BE A 2 BT bRl R 2R (2 300 mA JitisiH—1k, &

®, (E)
BC(t,)

2 (BLO3U JEIRZEZH) O b il & #a) -

S _cpme @)D, E)) F(k,T,P)

D, (
BC(t) BC(t,

s,(T) O

BC (tl) = Si (T7 NCNormaIized&Corrected ) = CI:)l (T)Ul (E) D'F(k’ T, P)

HARGAE b, FERRE A, R FE S Ot iRE B, AR

9
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CHXFAPEM LR E, RPN ED:

P S BB X ek, S50 = AT RS Y6 a, H— ARG S A 1 7 e

AN 9

mu}

Si(M
BC(t,)

ST

RIS ?U y - )

1

@,(E) — si (T’ NCNormaIized &Corrected) °

BC(t)

5 b #E b 5 L=

Headline Info. HL Init. | X Scale|PI

7] | Energy (eV) j c
% | Photon Intensity (nA) j ~
v | Beam Current (mA) j ~

¥ | Gap (mm) j S
v | Time (sec) j Sl
¥ | Burner Position (mm) j ol e
(] | Temperature (C) j .
¥ | IonVac (Pa) j ol
v | TOFVac (Pa) j Sl
PI Backeround(nA) | 0
Normalization PI Correction

Yol i A0 j R BRAG 2

S((T,NC) _ Xi(T) oi(E) D
S,(T,NC)  X,(T) o,(E) D,

D, X.(T) o(E) S,(T,NC)

]

D, X;(M)s,(T,NC) o;(E)

X (T) o.(E) D,

" Yes {7 SXUV

 No  AXUV

o.(E) =S, (T,NC)—. =)z

X,(T) S,(T,NC) D,

10

CD()
BC(t,)

= &,

75 2

(12)

(13)

(14)
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5. MDF Jij&
5 1 1:3-‘Z.|—.E EI:H':'? S (T NCNormaIlzed&Corrected) 'ﬁﬁﬁ Oj (E) éii{kAX_J-tt/ﬁ

A 0(13), A=, 193] PIE #iZk S, (T, NC) #1'S,(T,NC) , {1/ Origin
H 1) Analysis->Mathematics->Simple Curve Math IhRg, $+55 B AR L —

W, RIS M 0, (B) Wl o, (E) RF L, H@USU(N)C)E@H:@W%% s
g2

52 *QIE)—E‘H,\] %_% SI (T’ NCNormaIized&Corrected) Eﬁﬁ o (E) g§§22—"{%é‘\'l\$;ﬂ'
R LA 2R, WA Origin B/ Analysis->Mathematics->Simple Curve

Math THAE BT HER S(T, NC) I o (E) 4 28047 K232 1, ﬁ?ﬂs(T(EN)C) k.

S.(T, NC)$ S;(T,NC)

FHEHX P2k M 2R34T B s 5 ?':E'J@U LR ZE
o(® o6 D,
53. HT3RER MDF
Table2 HTEEHR MDF
R E 5 Torr { X )0'36267
Catalysis Facility (400um orifice nozzle) 30
30 Torr X 0.75148
(350pm orifice nozzle) (30)
% 2L
W pE 150 Torr ( X j0.76155
Combustion ) A
] . (150um orifice nozzle) 30
Chemistry Facility
260 Torr ( . j0.77897
(80pm orifice nozzle) 30

11
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531. EUEE (—RENEHEESR)

2.5 —_—
= MDF
||—— Factor: 0.36267( o 0.5
2.0 Factor: 0.5

| 30 /%/

] - :

15 i /%/ "

1.0 /'/ 0.36267
X

wl/ &

MDF

0 20 40 60 80 100 120 140
m/z

Figure 5 MDF of Catalysis Facility (5.0 Torr, 400 um orifice nozzle)

532 MARUFXWRE (ZRES, —REFEMK, —REKEEE)

35 : :
_ ] ]
3.0 el

=
4 X A 4
- ()" P.75148 '/
20 % \///?/
1.5 = // "
(350

1.0- /

MDF

0.5 /

. / m MDF .
0.0 Factor: 0.75148

- Factor: 0.5 -
05 . . : : ——

0 20 40 60 80 100 120 140

m/z

Figure 6 MDF of Combustion Chemistry Facility (30.0 Torr, 350 um orifice nozzle)
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4.0 ,
|| = MDF
3.5 1 Factor: 0.76155 T
{|— Factor: 0.5
AL * (=1)0.76155 -~
. 30
25
w 20 —
a) | _
= 15 ' IE!// -
] _// \
1 X
1.0 / (=205
_ 4 30
0.5
0.0
‘0.5 T T T T T T T
0 20 40 60 80 100 120 140
m/z

Figure 7 MDF of Combustion Chemistry Facility (150 Torr, 150 um orifice nozzle)

|
m MDF
41 Factor: 0.77897
| Factor: 0.5
. 2 )~0.77897
i U i~
| / f
L
s _— R
1 / )
X205
m (30)
0
0 20 40 60 80 100 120 140
m/z

Figure 8 MDF of Combustion Chemistry Facility (760 Torr, 80 um orifice nozzle)
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6. PICS ME

6.1. itE PICS

RAEA(14), KRG EBALH T 5, RIAH] A OO0 H A I R =
LI o
BEAL, A5 AT HRER RARST MAFT T IR AT T . RSB IE AT T i

14



