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Quantitative Structural Property Relationship Model Based on
Norm Descriptors to Predict the CO, Adsorption Capacity
of Metal-Organic Framework Materials
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Abstract: To reduce greenhouse gas emissions, the adsorption of carbon dioxide (CO,) by metal-organic framework (MOF)
materials has received extensive attention. In our present study, by using experimental data of CO, adsorption capacity,a
norm descriptor-based quantitative structure property relationship (QSPR) model was established to predict the CO, adsorp-
tion capacity of Cu-MOF materials under variable pressure. The results show that the QSPR model has a good prediction
effect on the CO, adsorption capacity of Cu-MOF materials,and the R* value of the model is high. Internal validation,
external validation and application domain analysis show that this working model is stable and reliable and has a wide range
of application. Therefore, the norm descriptor established based on the ligand molecular structure of Cu-MOF can clarify the
influence of pressure and specific surface area on the CO, adsorption capacity of Cu-MOF materials, and the QSPR model
can be used to calculate the CO, adsorption capacity of MOF materials with different structures under different pressures.
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Tab.2 Atomic distribution matrices and norm descriptors
for the ligand molecules of Cu-MOF

n Dy I, FH

1 D,.xD,, ., 1Dy, 1.3298x107
2 DD, 1Dy, 0.8322

3 DX(Dy o X Dy ) IDwill,  1.4313%10%

1.3 HEEHEM

KR E RBC(RY) P4 %R 2 (ena) IX Pl
G S BRI | AN UERT | 1 I (AD) 4
Brix 3 FhIRIE ) ERNE QSPR BEAUMEATITAY. P
Bk R B — 148 XIE (LOO-CV) |, i 715 7T LA
KA QSPR LAY [ 5 HMERIGIE PT AR 4-Hb fz
i QSPR A5 AU ()% g M A F M A 5 1 FH I A vl LA
VB QSPR 7 1 FHYE Bl A A /)N.

2 HR5WE

21 IR
ABF SR TS B AT 7 — 1> QSPR AR AL,
BRI A
g=—6.1940+1.329 81072 x S X I,+0.832 2x I, —
(2557 7-1.4313x10xSx1,) /
(p+0.2154) (6)
K: g o CO, WL, S MELIRER, p MIETT, I\
L I AR T
WFoE el B, ST E BB R B
(0.9750) , FBHMZ & A THA(E 5 LI E M) & 5 Ar,
UL T QSPR ALEYMMERTEES . TEAIGETT45 R I
% 3. BHN KB 22 5 Cu-MOF BLiRS>T1E ke
PEA T L R UEBH T http://xuebao.tust.edu.cn/.

3 BEENSKITER
Tab. 3 Statistical results of the model

R’ 0.975 0 R, 0.9714
ema 0.3452 eMA, test 0.346 4
R, 0.9759 Oloocy 0.9750

€MA, train 0.344 4 €MA, LOO-CV 0.6300

2.2 MNERKIE

P — 15 SLIE COy W B8 FHTIN {1 52 3 L Y
BOSEME 1 s, |1 SR CO, W2
LOO-CV FM{E ARG, S5 3RE0, K2 BB s
WX LR B 5% A . B — 558 U UE ) T R 4K
Oloocv A 0.975 0, FeHIAS TAERRIA 4 Ry AR 1

FAMBREEE H38% By

ot
g x
E e
& <
2 6 -
=
i -
= 3 «
=
0 3 6 9 12 15

W Bt &5t 52984/ (mmol-g ™)

1 B—EXZXWIE CO, WM EHNEN LI ERE
RE
Fig.1 Scatter plot between the CO, adsorption capacity
data predicted by LOO-CV and the experimental
data
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predicted by this model and LOO-CV

2.3 SPERIGIE

CO, W Bt 18 iy S (e S 1A E R BOS E A 3
BT 7R . AS RIS ) )11 2 A Al 4R A9 850 A 3 LA B
U AR R I 25 AR A 0 e E R R 40N
0.9759 1 0.971 4. MialAE 4 = 1) P R R I I
R EAT B0y 1 T
2.4 RS

FEASCH, BRI N IR BT g S an & 4 R,
SETLFEH, 95.12% AR A5 76 L5 I L8 T8 (h =
0.2353) Al 3 ANFRZEHAI[ - 3, ST IX IR, JIEIH
AT BRI —AN 32 N, RIS, R LA TN 4 3 AR
JEZ1FF MOF MEIST CO, BIWIRRE 1. Hirb, B
A~ MOF AR S 0008 T8 7 KT I SH0E T8 A



2023 42 J B hr, . SETIBCONRAT R E R

SRR R OC AR R T T

T B A LB 2R R CO, IR +39 -

AIFA—E R QSPR FERIFEHE(H , X1 MOF
FHEH(HKUST-1 #1 Cu-BTTri) X} QSPR Hi7 fitfa i 1k
A, ATV BN A RIS R A A, AW
/\;!‘&TEM (¥4 Cuy (BTC), ) WEAKR TR, (H 2

(2]

I i 11

15

+ Y4

12 F © Ak

W Bff 1 5E0E/ (mmol-g ™)
(=)}
0

9

12

W Bt f3t S 58 {6/ (mmol-g ™)

B3 Co,RMENIRESITEENRSE
Fig. 3 Scatter plot between CO, adsorption capacity pre-
dicted by this model and the experimental data

[3]

[4]

[5]

W B ik 52 58 {E/ (mmol-g ™)

« | g4
+ A

0.6

10

.

8

6

B[ [ [
) ~

[6]

R
B4 AR N RESTER

Fig. 4 Application domain analysis of this model
3 & i&

AWFFELL 82 4 Cu-MOF #HEE CO, iy 4
R 5oy, A6 R 305 | ASEEE IR AT 57 QSPR AR
BRI MOF MRHEAE R T CO, Mefff . By
R*=0.9750. 0% = 0.9750, 3 BiZ A B EAT AR 41 1
e, SNERIG RN PN R IR (45 S R B, iR R A
47 A T A ) A . B I AT 2R B A
AL 5 8 FH R b RIS M I, TR, 3k 26 LA 3

FAMEREEA AT RE 8% BT b AR MOF #1EHY CO,
W B, XA IS FYa B IR A QSPR 1‘%9*” REME AN
[ 2544 MOF #HBHE CO, M B T 42 Ak 6

S k-
(1]

;Ln /IZI

BAE T H,HUDSON M R,MASON J A, et al. Evalua-

tion of cation-exchanged zeolite adsorbents for post-

(7]

[8]

(9]

[10]

combustion carbon dioxide capture[J]. Energy & envir-
onmental science, 2013,6 (1) : 128-138.

DAWSON R,STOCKEL E,HOLST J R,et al. Micro-
porous organic polymers for carbon dioxide capture[J].
Energy & environmental science, 2011, 4(10) : 4239-
4245.

KOU J H,SUN L B. Nitrogen-doped porous carbons
derived from carbonization of a nitrogen-containing
polymer : efficient adsorbents for selective CO, cap-
ture[J]. Industrial & engineering chemistry research,
2016,55(41) : 10916-10925.

MILLWARD A R, YAGHI O M. Metal-organic frame-
works with exceptionally high capacity for storage of
carbon dioxide at room temperature[J]. Journal of the
American chemical society , 2005 , 127(51) : 17998-
17999.

ZHANG Z J,YAO Z Z,XIANG S C,et al. Perspective
of microporous metal-organic frameworks for CO, cap-
ture and separation[J]. Energy & environmental science,
2014,7(9) :2868-2899.

PADMANABHAN J , PARTHASARATHI R ,
SUBRAMANIAN V, et al. Using QSPR models to pre-
dict the enthalpy of vaporization of 209 polychlorinated
biphenyl congeners[J]. QSAR & combinatorial science,
2007,26(2) :227-237.

DURECKOVA H, KRYKUNOV M, AGHAJI M Z, et al.
Robust machine learning models for predicting high CO,
working capacity and CO,/H, selectivity of gas adsorp-
tion in metal organic frameworks for precombustion car-
bon capture[J]. The journal of physical chemistry C,
2019,123(7) : 4133-4139.

BURNER J, SCHWIEDRZIK L,KRYKUNOV M, et al.
High-performing deep learning regression models for
predicting low-pressure CO, adsorption properties of
metal-organic frameworks[J]. The journal of physical
chemistry C,2020, 124 (51) :27996-28005.
FANOURGAKIS G S, GKAGKAS K, TYLIANAKIS
E,et al. A generic machine learning algorithm for the
prediction of gas adsorption in nanoporous materials [J].
The journal of physical chemistry C, 2020, 124(13) .
7117-7126.

DENG X M,YANG W Y,LI S H,et al. Large-scale
screening and machine learning to predict the computa-
tion-ready , experimental metal-organic frameworks for
CO, capture from air[J]. Applied sciences, 2020, 10(2)



40 -

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

569.
YAN X,LAN T,JIA Q Z,et al. A norm indexes-based
QSPR model for predicting the standard vaporization en-
thalpy and formation enthalpy of organic compounds[J].
Fluid phase equilibria, 2020, 507: 112437.

SHIY J,YAN F Y,JIA Q Z, et al. Norm descriptors for
predicting the hydrophile-lipophile balance (HLB) and
critical micelle concentration (CMC) of anionic surfac-
tants[J]. Colloids and surfaces A :physicochemical and
engineering aspects, 2019, 583:123967.

YAN F Y,SHANG Q Y, XIA S Q, et al. Application of
topological index in predicting ionic liquids densities by
structure

the  quantitative relationship

property
method[J]. Journal of chemical & engineering data,
2015, 60 (3) : 734-739.

SHANG Q Y,YAN F Y, XIA S Q, et al. Predicting the
surface tensions of ionic liquids by the quantitative struc-
ture property relationship method using a topological
index[J]. Chemical engineering science, 2013, 101 :
266-270.

DASHTI A,BAHROLOLOOMI A, AMIRKHANI F, et
al. Estimation of CO, adsorption in high capacity metal-
organic frameworks: applications to greenhouse gas con-
trol[J]. Journal of CO, utilization, 2020, 41:101256.
DING M L,FLAIG R W,JIANG H L,et al. Carbon
capture and conversion using metal-organic frameworks
and MOF-based materials[J]. Chemical society reviews,
2019,48(10) : 2783-2828.

GHANBARI T, ABNISAF,DAUD WM A W. A review
on production of metal organic frameworks (MOF) for
CO, adsorption[J]. Science of the total environment,
2020, 707:135090.

KHRAISHEH M, MUKHERJEE S,KUMAR A,et al.
An overview on trace CO, removal by advanced phy-
sisorbent adsorption performance of materials[J]. Journal

of environmental management, 2020, 255: 109874.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

FAMBREEE H38% By

MENG X Q,LIU X T, LI N, et al. Structural transforma-
tion and spatial defect formation of a Co (Il ) MOF trig-
gered by varied metal-center coordination configura-
tion[J]. Inorganic chemistry, 2020, 59 (13) : 9005-9013.
REN W,WEI Z Z,XIA X X, et al. CO, adsorption per-
formance of CuBTC/graphene aerogel composites[J].
Journal of nanoparticle research, 2020, 22 (7) : 191.
SUMIDA K,ROGOW D L,MASON J A, et al. Carbon
dioxide capture in metal-organic frameworks[J]. Chem-
ical reviews, 2012, 112(2) : 724-781.
LIAN X B,XU L L,CHEN M D, et al. Carbon dioxide
captured by metal organic frameworks and its subsequent
resource utilization strategy:a review and prospect[J].
Journal of nanoscience and nanotechnology , 2019 ,
19(6) :3059-3078.
BECKE A D. Density-functional thermochemistry. III.
The role of exact exchange [J]. Journal of chemical phys-
ics, 1998, 98 (7) : 5648-5652.
LEE C,YANG W T,PARR R G. Development of the
Colle-Salvetti correlation-energy formula into a func-
tional of the electron density[J]. Physical review B,
1988,37(2) : 785.
WANG Y L,YAN F Y,JIA Q Z,et al. Quantitative
structure-property relationship for critical micelles con-
centration of sugar-based surfactants using norm in-
dexes[J]. Journal of molecular liquids,2018,253:205-
210.
ROY K,KAR S, AMBURE P. On a simple approach for
determining applicability domain of QSAR models[J].
Chemometrics and intelligent laboratory systems, 2015,
145:22-29.
JAWORSKA J , NIKOLOVA-JELIAZKOVA N ,
ALDENBERG T. QSAR applicability domain estimation
by projection of the training set in descriptor space: a re-
view [J]. Alternatives to laboratory animals , 2005 ,
33(5) : 445-459.

RERE: AL F

(3% 35 )

[18]

Occurrence, properties, and applications of feruloyl es-
terases[J]. Applied microbiology and biotechnology ,
2009, 84 (5) : 803-810.

SKIGE. EFAETE AR FE I M - B BE A 2 Y (D).
JoIN AR TR 2, 2020.

[19]

[20]

FRAE. B AR R AR R LS R AP BE AR5 (D]
P42 : PRV R KA, 2013.
IR, L X 2. A Y R A PRk A T
R E L ERER DT oE (0], P EIE4R, 2020,39(3) -
44-50.

EREFRE: A%



