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Supporting Information

TABLE 1S: Exchange Reactions Used for Simulating the Kinetics of the H/D Exchange for C,-n-
C,; alkanes on H-BEA and Ga/H-BEA Zeolites

no.

Exchange reaction

Rate expression

1

CD;CDs + OH S CD,HCD; + OD

Ry =k, [CD3CD;][OH] -
- (1/6) k, [CD,HCD;][OD]

2 CD,HCD; + OH S CDH,CDs + OD R, = (1/3) k, [CD,HCDs][OH] —
—(1/3) k, [CDH,CDs][OD]
3 CD,HCD; + OH S CD,HCD,H + OD R3 = (1/2) k, [CD,HCDs][OH] —
—(1/3) k, [CD,HCD,H][OD]
4 CDH,CDs + OH 5 CH;CDs + OD R4 = (1/6) k, [CDH,CDs][OH] —
—(1/2) k, [CH5CD3][OD]
5 CDH,CD; + OH S CDH,CD>H + OD Rs = (1/2) k, [CDH,CDs][OH] —
—(1/6) k, [CDH,CD,H][OD]
6 CH:CD; + OH S CH;CD,H + OD Re¢ = (1/2) k, [CH3CD3][OH] —
—(1/6) k, [CH5CD,H][OD]
7 CH;CD,H + OH S CH;CDH, + OD R7 = (1/3) k, [CH3CD,H][OH] —
—(1/3) k, [CH5CDH,][OD]
8 CH:CDH, + OH 5 CH;CH; + OD Rg = (1/6) k, [CH3;CDH,][OH] —
—k, [CH;CH3][OD]
9 CD,HCD,H + OH S CDH,CD,H + OD Ry = (2/3) k, [CD,HCD,H][OH] -
—(1/3) k, [CDH,CD,H][OD]
10 CDH,CD>H + OH S CH;CD>H + OD R0 = (1/6) k, [CDH,CD,H][OH] -
—(1/2) k, [CH5CD,H][OD]
11 CDH,CD,H + OH S CDH,CDH, + OD Ry, = (1/3) k, [CDH,CD,H][OH] -
—(2/3) k, [CDH,CDH,][OD]
12 CDH,CDH, + OH S CH;CDH, + OD Ry, = (1/3) k, [CDH,CDH,][OH] -
—(1/2) k, [CH5CDH,][OD]
13 -CDx-+OH S -CDH- + OD Ri3 =k, [CD,][OH] - (1/2) ks, [CDH][OD]



14 -CDH- + OH 5 -CH,- + OD R14 = (1/2) k, [CDH][OH] - k;, [CH,][OD]

15 -CD,CD;- + OH 5 -CDHCD,-+ OD Ris = k. [CD,CD;][OH] -
— (1/4) k. [CDHCD»][OD]
16  -CDHCD,- + OH & -CH,CD,- + OD Ry6 = (1/4) k. [CDHCD,][OH] -

— (1/2) k. [CH,CD,][OD]

17 -CDHCD»- + OH S -CDHCDH- + OD  Ri7=(1/2) k. [CDHCD:][OH] -
—(1/2) k. [CDHCDH][OD]

18  -CH,CD»- + OH S -CH,CDH- + OD Ris = (1/2) k. [CH,CD,][OH] -
— (1/4) k. [CH,CDH][OD]
19 -CH,CDH- + OH S -CH,CH,- + OD Ry9 = (1/4) k. [CH,CDH][OH] —

— k. [CHCH,][OD]

20 -CDHCDH- + OH S -CH,CDH- + OD Ry = (1/2) k. [CDHCDH][OH] —
—(1/2) k. [CH,CDH][OD]

For kinetics modeling the H/D exchange in alkanes the following reactions from Table 1S were
taken into account:
e ethane-dg: reactions 1-12 with OH represented by SiOHAI (k, = ksiona1)) and the same
reactions 1-12 with OH represented by SiOH (i.e. k, = ksion);
e propane-ds: reactions 1-12 to describe the exchange in the methyl groups (k, = kcus) and
reactions 13-14 to describe the exchange in the methylene groups (ky = kcm);
e n-butane-dy: reactions 1-12 to describe the exchange in the methyl groups (k, = kcy3) and

reactions 15-20 to describe the exchange in the methylene groups (k. = kcm2);

(1) H/D exchange in C;,C; alkanes.
On the base of correspondent reactions from Tablel and Table 1S the following kinetic equations
are derived for SIODALI and SiOD groups
d[SiODAI]
dr

d[SiOD]
ds

= kSiOHAl {[CDrl ]0 [SiOHAl]O - [CDrl ]O[SiODAl] - l [XCHn ] [SiOHAl]O}
1 " (1S)
= kSiOH {[CDn ]O[SiOH]O - [CDn ]O[SiOD] _;[XCHn][SiOH]O}

where [CD,]y is the initial concentrations of alkane; [X]cpy is the concentration of protium in alkane

calculated as following

[Xcpnl= z k[CD,_,H,]
k=1



The system of differential equations (1S) is easily transformed into system (2), assuming that

[X e, I=[SIODAI+[Si0OD] and mole fractions of D isotope are determined via equalities

_ [SiODAI] _ [SiOD]
SiODAI —[SiOH AI]O’ SiOD —[SiOH]O'

(2) H/D exchange in Cs3, n-Cy4 alkanes.

On the base of correspondent reactions from Table 1S the following kinetic equations are derived

for concentration of protium in the methyl groups [H]y; and the methylene groups [H]qy, :

d[c>1< th] = kems {[RDiCH3)]0[OH]o ~[RD{¥],[OD] _l[xg][OH]o}
¢ 29)
diX}j] (CH2) (CH2) |
p = ke {[RD,71,[OH], —[RD,, ]O[OD]—;[XH][OH]O

where [RD;CH”]0 and [RD;CHZ)]O represent the initial concentrations of the methyl and the

methylene groups (in pmol g™), respectively; a and b is the total number of hydrogen atoms in methyl
groups and methylene groups of a hydrocarbon, respectively; [OH]o=[SiOHAI]o+[SiOH] is the total
initial concentration of zeolitic OH groups.

Protium concentrations [H]qy;, [Hloy, correspond to

a b
(Hlcys = zk[RDa—ka] > [Hlcw, = zl[RDb—lHl]
k=1 I=1

The system of differential equations (2S) is easily transformed into system (6), assuming that
[OD]=[H]¢y;+[Hlp, and mole fractions of H isotope are determined via equalities

[H]CH3 F b _ [H]CHZ

Fo—_1Jom - .
T G[RDE T p[RDICHY]
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Figure 18S. Al MAS NMR spectra of zeolites H-BEA and Ga/H-BEA. Asterisks * belong to spinning

sidebands.
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Figure 2S. ’Si MAS NMR spectra of zeolites H-BEA and Ga/H-BEA.
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Figure 3S. "'Ga MAS NMR spectrum of zeolite Ga/H-BEA .



