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1. Theoretical analysis of network generated by A, with cleavable groups
For a monomer containing a functional groups with equal reactivity shown in Scheme S1, in which
two groups are uncleavable (noted as A) and a-2 groups are cleavable (noted as X), is denoted as

ArxXao.

1.1. Calculation of extent of the inter- and intramolecular reactions (Pinter and pintra)
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Scheme S1 Formation of various network chains by intermolecular reaction between functional
groups of AxX,2 in PDN.
The intermolecular reaction of A»X,-» results in three kinds of network chains, which are composed
of segments AA, AX and XX as shown in Scheme S1. The ratios between different network chains
are given by
naanaxnxy= (C3)2:2C3Cr_5:(CL,)?=4:4(a-2):(a-2)* (1)

where naa, nax and nxx are the numbers of corresponding network chains.
The fraction of network chains XX (Fyx) is given by

nxx — (a_z)z (2)

naatngax+nxx a?

Fyy =

The total number of network chains (n,;) can be estimated from nyx and Fxx that is given by

a2
Mpet = Ngg + Nax + Ny = Nyx [Fyx = (a2 xx 3

The extent of intermolecular reaction (pinwer) defined as the reaction between two groups of two

different monomers/oligomers can be given by

__ 2NMper . 2a nygy 4
Pinter = any - (a-2)2 ny ( )

where ny is the initial number of the monomer A>X,.2. The network chain XX can be “cut off” from
the network after decrosslinking and the number of XX (nxx) can be measured by normal methods.

S0, pinter can be obtained according to nxx and nm.
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Scheme S2 Formation of various primary loops by intramolecular reaction between functional
groups of AxX,2 in PDN.
If intramolecular reactions occur, primary loops composed of AA , AX and XX are formed, which
are shown in Scheme S2. The ratios between different primary loops are given by
Lia:Lix:lxx=1:C3CL_,:C%_,=1:2(a-2):0.5(a-2)(a-3) ®)
where /aa, /ax and /xx are the numbers of primary loops composed of corresponding segments.

The fraction of primary loop AA (F;,,) is given by

l 2
Fiap = = (©)

laa+lact+lce a(a-1)

The total number of primary loops (L’) can be estimated from 7,4 and F, 4 thatis given by

l
L1 = lAA+lAX+lXX =Fl£= 05a(a_1)lAA (7)
AA

The extent of intramolecular reaction (pinra) defined as the reaction between two different

groups of the same monomer is given by equation 8.

2Lt l
Pintra = - = (a - 1) 44 (8)

any nm
Since only loops AA preserve after decrosslinking that can be detected by normal methods pintra can

be obtained according to /aa and nm.

It can be seen from Schemes S1 and S2, both inter- and intra-molecular reactions generate segments
XX after cleavage except for A2X; system, in which no loop composed of segment XX is formed
(see Scheme S5). Therefore, the number of segments XX after decrosslinking includes contribution
from both intermolecular reaction (nxx) and intramolecular reactions (/xx). The number of XX after
decrosslinking (Nyx) is given by

Nyx = nxx + lxx ©)

From equation 35, it is deduced that



Ixx=0.5(a-2)(a-3)li4 (10)
SO Nyx =NXX_lXX =NXX_05(a_2)(a_3)lAA (11)

Based on equation 4, pinter is given by

2a Nxx—-0.5(a-2)(a-3)!L
Pinter = (a-2)2 XX nm 24 (12)

Furthermore, the ratio of pintra tO Pinter, can be given by:

Pintra __ (a_l)(a_z)zlAA
Dinter 2a(Nxx—0.5(a-2)(a-3)laa) (13)

As shown in Scheme S1, two kinds of dangling chains, cleavable (dx) and uncleavable dangling
chains (da) can be found. According to the assumption of equal activity of groups, the ratio of these
two kinds of unreacted groups is given by

da:dx=2:(a-2) (14)
The total number of unreacted groups (d) is given by

d=ds+dx = a/(a-2)dx (15)
Because group X is cleavable, dx can be measured after decrosslinking and d can be obtained as

well.

The total number of functional groups (f) of the monomer A,Xa.» also equals to the sum of all
network chains, dangling chains and primary loops that is
f= 2 + 2L +d (16)

According to equations 3, 7 and 15, we get

2a?

fzmnxx'i‘a(a_l)lAA +£dx (17)

Since the number of functional groups (f) is equal to anwm, equations 8 and 12 yield

(a=1)@=2)*Ly _ (@=1)(@-2)*Lj, (18)

Pintra = 2a(Nxx—0.5(a—2)(a—3)LY ) +(a—-1)(a—2)2LY . +(a—2)dx  2aNxx+2(a—2)LY,+(a—2)dx

' _ 2a(Nxx—0.5(a-2)(a-3)LY 4) _ 2a(Ngx—0.5(a—2)(a—3)LY 2)
Pinter = 2a(Nxx—0.5(a—2)(a—-3)LY )+(a—1)(a—2)2LY . +(a—2)dx  2aNxx+2(a—2)LY,+(a—2)dx

19)
L4 is replaced by L}, in equations 18 and 19 for convenience in the following discussion of

higher-order loops.

In the network formed by A2Xa.» monomer, cleavable dangling chains X, network chains XX and
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primary loops AA are three kinds of small molecules can be collected after decrosslinking. The
qualitative and quantitative measurement of three molecules can be achieved by general methods.
If Nyy:LY,:dy is known, the extent of reaction, both intra- and inter-molecular reactions, can be

calculated by equations 18 and 19.

1.2 Measurement of various monoloop-based structures
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Scheme S3 Formation of various monoloops in PDN.
Besides the primary loop, monoloops can be also generated by Aa. The monoloop is a macrocyclic
unit composed of multiple segments. When A»X3 is used, various loops including secondary loop,
biloop, triloop and tetraloop shown in Scheme S3 are perhaps formed. All loops are changed to
secondary loop composed of two AA segments (L7 ,) after decrosslinking. Because the secondary
loop L34, can be measured, it is possible to estimate the number of all secondary loops (L?) from
the number of L3,. The secondary loop is formed by reactions of two pairs of groups of two

monomers, the relationship between L” and L%, is given by

L3, 1
> = o (20)

Generally, n-order monoloop (L") is formed by the reaction of n pairs of groups of » monomers.

When AsX..» is used as monomer, the ratio of n-order monoloops composed of (AA). (L% ,) to L" is

given by

L"};A 1 1

(€D (05ala—D)" (21)
The total number of n-order monoloops (L") is given by

" = (0.5a(a — 1)L}, (22)



1.3 Measurement of various polyloop-based structures
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Scheme S4 Formation of various polyloops in PDN.
The polyloop-based structures within the network can be explored using PDN. Here, a polyloop is
one unit composed of more than one loop that has two non-adjacent bridged sites. The polyloop can
be formed by reaction of more than two pairs of functional groups from two monomers that has
more than two uncleavable groups. As shown in Scheme S4, different polyloops, such as biloop,
triloop and tetraloop, can be formed by two A3;X». All polyloops are changed to the same biloop
composed of AA segments (Lfl’fl, the first superscript “2” is the order of the loop and the second “2”
is the number of the loop, the subscript AA indicates the type of the segment) after decrosslinking.
Because the biloop Li’j can be measured, it is possible to estimate the number of all biloops (L*?)
from the number of L. The biloop is formed by reaction of three pairs of groups of two monomers,

the relationship between L*? and Li‘i is given by

2,2
Lja _ _1
122 = e

(23)

Generally, the polyloop containing n secondary loops (L?™) can be formed by reactions of n+1 pairs
of groups of two An+1Xan-1, among which Li’g is the cleavable polyloop. The relationship between

2™ and L5} is given by

4 1

= (24)
So, we get

L2m = (Carh)2Ly, (25)

If 155 can be measured by current methods, the total numbers of polyloops can be obtained.



1. 4 Mixed monomers

If both A»X; and A3;X,; are used, monoloops with different orders and the polyloop can be

simultaneously studied. The monoloops and polyloops with the same number of the segment can be

discriminated by different residual fragments. For example, both Li’j and L* have three AA

segments, while the former one has two residual cores and the latter one has three cores. This

difference in molar mass can be measured by mass spectrum.

1.5 A»X| system

X
ntramolecula
A A reaction
@ cleavable site cleavage
—_—
AxX,

o) (O

+ %
cleavage
—_—

Scheme S5 Intramolecular reactions between functional groups of A>Xi

If a=3 (A2X; system in Scheme S5), the case is simple since no loop containing segments XX is

formed. Therefore, no segment XX is generated from cleavage of loops, which yields Nyy = nyy.

The equations 8, 12 and 13 yield

Lja

Pintra = 2 n
M
_ ¢ Nxx

Pinter = 6 n
M

1
Pintra — Laa

Dinter 3Nxx

The equations 18 and 19 yield

1
P; —_  2lan
MEra ™ gNyy +21Y 4 +dx
_ GNXX
Pinter =

6Nxx +2LY 4 +dx

Let r; = L} ,/dx and r» = Nxx/dx, then

_ 21
Pintra 675 +21+1

_ 61,
Pinter 61 +271+1
Pintra — N

Dinter 31z

(26)

27

(28)

(29)

(30)

G

(32)

(33)



For A»X; system, equations 31-33 can be used to calculate the extent of reaction, both intra- and

inter-molecular reactions.

1.6 Theoretical ratio of pintra/Pinter
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Scheme S6 Different oligomers formed in the polymerization of A3

The intramolecular reaction is a unimolecular reaction that is determined by the concentration of
oligomers might undergo such reaction. In A3 system, primary loops are only formed via
intramolecular reactions of oligomers having at least two unreacted groups, such as Az and A, shown
in Scheme S6, while A; and Ay do not result in primary loops. The concentration of A3 and A, are
[M]o(1 —p)® and CZ[M]op(1 — p)?, where [M]o and p are initial concentration of monomer and
the extent of reaction. Since Az has three ways to form the primary loop and A, has one, the
formation rate of primary loop (Rina) 1s given by

Rintra = Kinera(3[M]o(1 — p)* + C3[M]op(1 — p)?) = 3kinera[M]o(1 — p)* =

KintralAlo(1 — p)? (34)
where Kintra 1S the rate parameter of cyclization reaction, [A]o is the initial concentration of functional
groups.
On the other hand, if the intermolecular reaction is the second order reaction of functional groups,
the rate of intermolecular reaction (Rine,) is given by

Rinter = Kinter[A]” = kinter[AI§(1 — p)? (35)
where kiner 1S the rate parameter of intermolecular reactions.

R; k;
intra — intra (36)
Rinter kinter[Alo

The ratio of intra- and intermolecular reaction rate is given by equation 36, which suggests that the
ratio keeps constant and is independent of the extent of reaction. It can be deduced that the ratio

Pintra/Pinter given by equation 37 keeps constant and is independent of the extent of reaction.

Pintra — fRintra _ Kintra (37)
Dinter fRinter kinter[Alo



2. Experimental section

2.1 Materials and methods

Tetrahydrofuran (THF) was distilled from sodium. Dichloromethane (DCM) was distilled from
calcium hydride. 8-bromo-1-octene (TCI, 98.0%), 3,5-dihydroxybenzoic acid (TCIL, 98%), 7-
octenyl acetate (TCI, 98.0%), methyl 3,5-dihydroxybenzoate (J&K, 96.0%), Grubbs 1st Generation
catalyst (PCy3),Cl,-RuCHPh (Sigma-Aldrich, 96.0%) (Sigma-Aldrich, 96.0%) were used as
received. NMR spectra were collected with a Bruker 400 MHz or 500 MHz NMR using CDCl;s as
a solvent. Elemental analyses were performed on a Flash EA1112 (Thermo Finnigan). GC-MS (m/z)
spectra were performed on a GCMS-QP2010. High resolution mass spectra (HRMS) were
performed on a GCT Premier GC-TOFMA mass spectrometer. MALDI-TOF MS was performed on
a Bruker Ultraflex. 2,5-Dihydroxylbenzoic (20 mg/mL) solution in THF was used as matrix.
Samples were dissolved in THF and mixed with NaTFA (5 mg/mL) in 1:1 ratio, then the mixture

was mixed with the matrix solution in 1:1 ratio.

2.2 Synthesis of organic compounds

2.2.1 Synthesis of A2X; monomer 7-octenyl-3,5-di-(7-octenyl-1-o0xy)-benzoate (1)

o OH o &N
RBr
R= octenyl

R R
HO OH o 0~
(1)

Scheme S7 Synthesis of A,X; monomer (1)
3.82 g of 8-bromo-1-octene (20 mmol), 0.77 g of 3,5-dihydroxybenzoic acid (5 mmol), 5.52 g of
potassium carbonate (40 mmol), 0.05 g of 18-crown-6 and 30 mL of DMF were placed in 100 mL
Schlenk flask. The solution was bubbled with N» for 15 minutes then the mixture was stirred at
65 °C was stirred at 65 °C for 24 hours. After reaction the suspension was filtered and obtained
solution was evaporated under vacuum to afford crude product. The crude product was dissolved in
40 mL of DCM and washed by 30 mL of brine for 3 times. The oil phase was then dried over
magnesium sulfate. After the solvent was evaporated, the product was purified by flash
chromatography on silica-gel (300-400 mesh) with petroleum ether/ethyl acetate (from 100/1 to
10/1 by volume) to give compound 7-octenyl 3,5-bis(7-octenyl-1-oxy)benzoate (1) in 80% yield
(1.94 g) as light-yellow liquid. "H NMR (400 MHz, CDCl;): § 7.19-7.14 (d, 2H), 6.64-6.61 (t, 1H),
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5.88-5.74 (m, 3H), 5.08-4.86 (m, 6H), 4.32-4.26 (1, 2H), 4.01-3.93 (t, 4H), 2.12-1.99 (m, 6H), 1.85-
1.70 (m, 6H), 1.52-1.31 (m, 18H). 3C NMR (101 MHz, CDCls): § 166.79, 160.34, 139.23, 132.45,
114.57, 107.88, 106.45, 77.30, 68.47, 65.45, 33.97, 29.39, 29.07, 26.13. GC-MS (EL, m/z): 484.4
[M]", 154.0 [M-330.4]", 137.0 [M-347.4]", 69.1 [M-415.3]". HRMS (ESI) m/z calculated for

C31Hag04 [M]": 484.3553. Found: 484.3550.

2.2.2 Synthesis of cleavable primary, secondary, tertiary loops, and related compounds

COOMe COOH
COOMe COOMe
RBr Grubbs catalyst % M
= _onoos calays,
R=octenyl Ne) O\ /g = 60 [SARA Z
R. R v
HO OH (¢} O 2 1
@4a) (40) (Lan)
+ +
COOH
J NaOH/THF COOMe
COOH /@\ P NaOH/THF % _
- .
6O O™\ /g 60 o7 2
L%a)
R R (52) (o
~o o N .
(4b)
@) CHOOMe GooH
/[ j\ =
/@ = Mo oM

/5O o' /s 3 6\/

3
©a) (Laa)

Scheme S8 Preparation of primary (L} ,), secondary (L4,) and tertiary (L3 ) loops

Synthesis of methyl 3,5-bis(7-octenyloxy)benzoate (4a)

Methyl 3,5-bis(7-oct-1-enyloxy)benzoate (4a) was prepared from methyl 3,5-dihydroxybenzoate
and 8-bromo-1-octene following the procedure described in the synthesis of 1. The product was
purified by flash chromatography on silica-gel (300-400 mesh) with petroleum ether/ethyl acetate
(from 100/1 to 10/1 by volume) to give compound 4a in 83% yield (1.65 g) as light-yellow liquid.
"H NMR (400 MHz, CDCl3): § 7.17-7.14 (d, 2H), 6.65-6.61 (t, 1H), 5.87-5.75 (m, 2H), 5.06-4.89
(m, 4H), 4.01-3.92 (t, 4H), 3.92-3.86 (s, 3H), 2.20-1.95 (m, 4H), 1.85-1.68 (m, 4H), 1.55-1.30 (m,
12H). '*C NMR (101 MHz, CDCl): § 167.18, 160.35, 139.20, 132.03, 114.55, 107.82, 106.76,
68.45, 52.40, 33.94, 29.36, 29.05, 26.11. GC-MS (EI, m/z): 388.3 [M]", 279.2 [M-109.1]", 168.1
[M-220.2]", 69.1 [M-319.2]". HRMS (ESI) m/z calculated for C24H3604 [M]": 388.2614. Found:

388.2614.

Synthesis of 4b by hydrolysis of 4a



The 3,5-bis(7-octenyloxy)benzoic acid (4b) was prepared by hydrolysis of methyl 3,5-bis(7-oct-1-
enyloxy)benzoate (4a) in 97% yield (139.7mg) as light-yellow liquid. '"H NMR (400 MHz, CDCl;):
§7.25-7.21 (d, 2H), 6.70-6.67 (t, |H), 5.92-5.73 (m, 2H), 5.08-4.90 (m, 4H), 4.05-3.92 (t, 4H), 2.14-
2.00 (m, 4H), 1.88-1.70 (m, 4H), 1.56-1.31 (m, 12H). 3*C NMR (101 MHz, CDCl;): § 172.21,
160.20, 139.00, 130.95, 114.34, 108.16, 107.50, 68.31, 33.72, 29.12, 28.84, 25.88. GC-MS (EI,
m/z, %): 374.4 [M]", 154.1 [M-220.3] ", 110.2 [M-264.2] ", 69.2 [M-305.2] *. HRMS (ESI) m/z

calculated for C23H3603 [M]": 374.2457. Found: 374.2455.

Synthesis of metacyclophanes (4¢, 5a and 6a)
The mixture of 4¢ Sa and 6a were prepared from 4a by reported method’ and the three
metacyclophances were obtained by flash chromatography on silica-gel (300-400 mesh) with

petroleum ether/ethyl acetate (from 100/1 to 10/1 by volume)

Fraction 1 is compound 4e, as a colorless solid in 45.2% yield (40.7mg). '"H NMR (400 MHz,
CDCl): 6 7.19-7.14 (m, 2H), 6.67-6.61 (m, 1H), 5.37-5.28 (m, 2H), 4.15-3.99 (m, 4H), 3.92-3.84
(d, 3H), 2.09-1.89 (m, 4H), 1.84-1.69 (m, 4H), 1.55-1.26 (m, 12H). 3C NMR (101 MHz, CDCl;):
5 166.89, 159.83, 132.06, 130.53, 109.69, 105.74, 68.37, 52.18, 31.92, 28.86, 27.70, 27.30, 25.11.
GC-MS (EL m/z, %): 360.3 [M] ', 329.3 [M-31.0] %, 168.1 [M-192.2]", 137.1 [M-223.2] ". HRMS

(ESI) m/z calculated for C22H3,04 [M]": 360.2301. Found: 360.2300.

Fraction 2 is compound 5a, as a colorless solid in 39.8% yield (39.5mg). '"H NMR (400 MHz,
CDCl): 8 7.18-7.12 (m, 4H), 6.65-6.69(m, 2H), 5.43-5.30 (m, 4H), 4.01-3.91 (t, 8H), 3.91-3.86 (s,

6H), 2.11-1.91 (m, 8H), 1.82-1.69 (m, 8H), 1.55-1.27 (m, 24H).

Fraction 3 is compound 6a, as a colorless solid in 11.4% yield (10.3mg). 'H NMR (400 MHz,
CDCl): 6 7.18-7.12 (m, 6H), 6.65-6.69(m, 3H), 5.43-5.30 (m, 6H), 4.01-3.91 (t, 12H), 3.91-3.86

(s, 9H), 2.11-1.91 (m, 12H), 1.82-1.69 (m, 12H), 1.55-1.27 (m, 36H).

Synthesis of various loops L4, 14, and 13,

30.7mg of 4c¢ (0.70mmol), and 10 mL of THF were added into a round flask. After the solid was
12



dissolved completely, 5 mL of 1M NaOH solution in methanol was added. The mixture was stirred
under 40 °C for 12 hours. Then Excessive amounts of dilute aqueous solution of HC1 was added and
stirred for an hour. The product was extracted from the mixture with DCM, then dried with MgSOs.
After the solvent was evaporated, pure product of L%, was obtained. (yield 29.2mg, 98%) 'H NMR
(400 MHz, CDCl3) 6 7.26-7.20 (m, 2H), 6.72-6.65 (m, 1H), 5.38-5.27 (m, 2H), 4.16-4.01 (m, 4H),
2.10-1.91 (m, 4H), 1.84-1.69 (m, 4H), 1.55-1.28 (m, 12H). '*C NMR (101 MHz, CDCl5) § 171.76,
159.90, 130.54, 110.21, 68.44, 31.93, 28.87, 27.69, 27.32, 25.13. GC-MS (EL, m/z, %): 346.3 [M]",
154.1 [M-192.2]", 81.2 [M-265.1]". HRMS (ESI) m/z calculated for C2H3,03 [M]": 346.2144.

Found: 346.2145.

Loop L3, was synthesized by the same method for loop L4, (yield 24.5mg, 86%). 'H NMR (400
MHz, THE-d%) § 7.06-6.97 (m, 4H), 6.57-6.49 (m, 2H), 5.35-5.19 (m, 4H), 3.92-3.78 (t, 8H), 2.02-
1.81 (m, 8H), 1.74-1.55 (m, 8H), 1.47-1.20 (m, 24H). '*C NMR (101 MHz, THF-d®) § 166.50,
160.19, 132.64, 130.25, 107.43, 105.69, 67.68, 32.26, 29.37, 29.08, 28.50, 25.7. HRMS (ESI) m/z

calculated for C42HeoOs [M]":692.4288. Found: 692.4289.

Loop, L3, was synthesized by the same method for loop L}, (yield 8.1mg, 82%). "H NMR (400
MHz, CDCls) § 7.24-7.16 (m, 6H), 6.70-6.62 (m, 3H), 5.45-5.31 (m, 6H), 4.04-3.86 (t, 12H), 2.14-
1.87 (m, 12H), 1.86-1.66 (m, 12H), 1.56-1.27 (m, 36H). '*C NMR (101 MHz, CDCls) & 171.66,
160.14, 130.40, 108.11, 107.59, 68.25, 32.37, 30.33, 29.37, 28.57, 25.75. HRMS (ESI) m/z

calculated for Ce3HooO12 [M]7:1038.6432. Found: 1038.6432.

2.3 Polymerization of A;X and decrosslinking process

2.3.1 General Procedure for Polymerization

0.2904 g of monomer 1 (0.6 mmol) was dissolved in 2 mL of DCM in a 10 mL Schlenk flask and
degassed with Freeze-Pump-Thaw cycling 3 times. 0.0074 g of Grubbs 1st Generation catalyst
(0.009 mmol) was dissolved in 1.5 mL of DCM. After being degassed with Freeze-Pump-Thaw
cycling 3 times, 1 mL of the catalyst solution was added into the Schlenk flask using a syringe under
nitrogen. The solution was stirred under 40 °C for a given time and quenched by stirred with 2 mL

of vinyl ethyl ether for an hour. Then the mixture was poured into 100 mL of 1,2-dichloroethane
13



and heated to 75 °C for another hour to deactivate the catalyst. After filtration, the gel part was
further extracted with 100 mL of DCM for three times. The combined soluble fractions were

evaporated to provide the sol part. The yields of sol and gel parts were determined by gravimetry.

2.3.2 General procedure for decrosslinking

The 150-200 mg of polymer sample and 25 mL of THF were added into a round flask. When the
sample was gel, it was fully swelled before further treatment. 5 mL of 1 M NaOH solution in
methanol was added and the mixture was stirred under 40 °C for 12 hours. Then excessive amount
of dilute aqueous solution of HCI was added and stirred for an hour. The product was extracted from
the mixture with DCM, then dried with MgSOs. After the solvent was evaporated, a decrosslinked

product was obtained.

2.4 Quantitative measurement of the extent of reaction
2.4.1 Measurement of the extent of reaction (p)
Since terminal and internal C=C bonds can be detected by '"H NMR, the extent of reaction can be
estimated from the peak area of corresponding proton. The peak areas of Ha (Sa) and Hp (Sp) in
Figure 1 represent the amount of internal and terminal C=C bonds respectively, which is related to
the total free end group of monomer and the total formed bond within the polymer (both linear and
cyclic bonds). The following quantitative relationships are obtained.

0.5S, = Ny + L' 5 0.5Sp=d (38)
According to equation 3, 7 and 15,

a2

0.5S, = nyer + Lt = e Maxx t 0.5a(a — 1), (39)

0.5Sy=d=a/(a-2)dx (40)
When a=3, according to equation 11, n,,=N,.. Equations 39 and 40 leads to

0.5Sq = 9Nyx + 3L%, = 3(3Nxx + L} ,) (41)

0.5Sy=3dx (42)
In equation 41, /44 is replaced by L}, as previous mentioned.

For A»Xj system , from equations 29 and 30, we get

6Nxx+2LY 4
6Nxx +2LY 4 +dx

(43)

Ptotal = Pintra + Pintet =

14



Combination of equations 41-43 results

Sa
Sa+Sp/2

(44)

Ptotar =

On the other side, according to the definition of the extent of reaction, the total extent of reaction

(prorar) of soluble products, before and after decrosslinking, can be calculated as

_ 2[C=C]internal _ Sa
Protal = 2[C=Clinternai+[C=Clterminal - Sat+Sp/2 (45)
The equation 45 is the same as equation 44. where S, and Sy, are peak areas of H, and Hp, in 'H NMR

spectra.

2.4.2 Calculation of extent of reaction contributed from primary loop (p;¢rq)
In AxX,.> system, only loops composed of AA segments can be detected as cyclic structure after
decrosslinking. The peak area of Hr (Sr) of cleaved product in Figure 1 represent the amount of
primary loops composed of AA (L} ,); the sum peak area of He (Sc) and Hs (S¢) of cleaved product
in Figure 1 correspond to the total amount of group A, which is related to the amount of monomer
(nm). The following quantitative relationships are obtained.

Sp = 4Ly,; Se + S = 2[A] = 4ny, (46)
According to equation 26, we get

' _ 2L _ _Sp/2 _ 25
Pintra = = (Sp+Se)/4  Sp+Se

(47)

2.4.3 Calibration method for peak intensities of different loops

The mixture of n; mol of L!, n, mol of L? and n3 mol of L* was measured by MALDI-TOF MS by
the same test condition as polymer samples and three peaks’ intensities (M+Na) were I, I, and .
The calibration factors (F;) of three loops are defined as

Fi=ni/11, Fa= ny/Is, F3=n3/I3 (48)

According to equation 22, for A;B; (n=3), the number of the primary (L), secondary (L?) and
tertiary (L*) loops in polymer is given by following equations,

[L'1=3L4a 5 [L]=9L4,;  [L1=27L34

The intensities of above three loops composed of AA of each sample, T, T2 and T3, were obtained

from its MALDI-TOF-MS. The molar ratio of different loops of the test sample is calculated by

15



equation 49.

[L':[ L*:[ L3=T1*F1:3T2*F2:9T5*F3 (49)

16



3. Tables

Table S1. Characterization of polymer prepared by A>X; monomers

Run Time M./BP Protal© Pinra®100?  pipa/pine  [LAY[L'T [LY[L'TF
(min) Psot /Dot Dgel” *100 *100 *100

1 20 1600/2.76  0.51/0.51/- 2.531/J 5.2i/J 0.86/-1  0.641/]

240 1760/17.3  0.66/0.64/- 3.50/- 5.8/- 9.2/- 7.7/-

360 2180/50.3  0.75/0.74/- 4.00/- 5.7/- 15/- 9.3/-

4 86 1780/10.3  0.73/0.75/0.79  5.50/3.51 7.9/4.6 27/40 25/23

5 9 3109/14.1  0.73/0.71/0.81 6.00/2.51 9.2/3.2 11/38 8.9/28

a) polymerization conditions: [1]=0.2 M, [Ru]= 0.002 M, 40 °C, CH,Cl,. b) number-average molar

mass (in Da) and its distribution index of soluble part of product; c) the total extent of reaction

estimated by S./(Sa + 0.5Sy), where S, and Sy, are peak areas of H, and Hp, in '"H NMR spectra; d)

extent of reaction contributed from all primary loops (p,1), estimated by 2S#(Sr +Se); €) calculated

by p11/(Psor — P11) or pri/(Pger — P11); f) soluble polymer; g) cleaved soluble polymer; h)

cleaved gel; 1) cleaved soluble polymer; j) cleaved gel. k) molar ratio of primary, secondary and

tertiary loops estimated by MALDI-TOF MS

17



Table S2 The peaks intensities of primary, secondary and tertiary loops measured by MALDI-TOF

MS*?

Polymerization time L! L? L? Noise Error (%)°
(min)

20 37556 4078 1384 100 0.3-7.2

40 2448 2829 1082 80 2.8-7.4

60 1535 2841 828 100 3.5-12
86(sol) 848 2902 1236 100 3.5-12
86(gel) 574 2876 756 100 3.5-17
96(sol) 7330 10344 3763 200 1.9-53
96(gel) 2419 11573 3878 400 3.5-17

a) The data are collected from Figure S13-S19; b) error % = noise/max(L', L?, L*)*100 -
noise/min(L!, L2, L*)*100

18
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Figure S15 MALDI-TOF MS spectra of decrosslinked polymer obtained at 60 minutes
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Figure S16 MALDI-TOF MS spectra of decrosslinked polymer (sol part) obtained at 86 minutes
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Figure S17 MALDI-TOF MS spectra of decrosslinked polymer (gel part) obtained at 86 minutes
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Figure S18 MALDI-TOF MS spectra of decrosslinked polymer (sol part) obtained at 96 minutes
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Figure S19 MALDI-TOF MS spectra of decrosslinked polymer (gel part) obtained at 96 minutes
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