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Supplementary Methods

MWCNT cutting. The MWCNTSs were shortened by a sonication method according to the reported literature.'
Briefly, 50 mg MWCNTs were suspended in toluene (99.5%, Xilong Scientific) via a water bath sonication. The
solution was then centrifuged at 6000 rpm (9483 xg) for 10min at room temperature to remove the toluene with car-
bon impurities. The nanotubes were then dispersed in 40ml of heptane (97%, Sinopharm) to which 20ml of 0.5 M
HCI solution was added by a ultrasonication method using a cell disruptor S-450D (Branson, tip: 1/8’) for 2min at
an interval of 5s at the power of 50W. The dark aggregate was then washed twice by 40 mL milliQ-water and re-
suspended in 40 mL heptane. This prewashing step helps to remove most of the unknown impurities and enables the
aggregate to disperse more easily. 10ml of KMnO4 (99.5%, Sinopharm) water solution (10 mg/ml) was then added
to the prewashed MWCNTs suspension in 40 mL heptane. The mixture was further sonicated for 10min with the
same tip and parameters. The aqueous phase was then decanted. 40 mL of 0.5 M H,SO4 was then added to the hep-
tane phase and sonicated for 2min to remove the MnO,. Extra H,SO, was used to remove the metal impurities and
then washed by milli-Q water. The whole shortening sequence was repeated twice. The shortened MWCNTSs sus-
pension was then filtered by a 0.45 pm membrane film and thoroughly rinsed by acetone. The MWCNTSs were then

dried in an oven overnight.

Extinction rules for T-carbon. The structure factor is defined below, where X, ¥;, and 7 are the coordinates in

terms of lattice vectors of each of the atoms in the basis:
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where f'is the atomic form factor for T-carbon; the cubic cell has a 32-atom basis for which (X,Y;,z) are:
(1/2+a, 1/2-a, 1-a); (1/2-a, a, 1/2-a); (1-a, 1-a, a); (a, 1/2+a, 1/2+a);
(a, a, a); (1-a, 1/2+a, 1/2-a); (1/2-a, 1/2-a, a); (a, 1-a, 1-a)
(1/2+a, a, 1/2+a); (1/2-a, 1-a, 1/2+a); (a, 1/2-a, 1/2-a); (1-a, a, 1-a)
(1/2+a, 1/2+a, a); (1/4-a, 3/4+a, 3/4+a); (3/4+a, 3/4-a, 1/4+a) (3/4-a, 1/4-a, 3/4-a)
(1/4+a, 1/4+a, 1/4-a); (1/4+a, 1/4-a, 1/4+a); (1/4-a, 3/4-a, 3/4-a); (1/4-a, 1/4-a, 1/4-a)
(3/4-a, 1/4+a, 3/4+a); (3/4+a, 3/4+a, 1/4-a); (3/4-a, 3/4-a, 1/4-a); (1/4-a, 1/4+a, 1/4+a)
(3/4+a, 1/4-a, 3/4+a); (1/4+a, 3/4+a, 3/4-a); (3/4-a, 3/4+a, 1/4+a); (1/4+a, 3/4-a, 3/4+a)
(3/4+a, 1/4+a, 3/4-a); (1/2-a, 1/2+a, 1-a); (1/2+a, 1-a, 1/2-a); (1-a, 1/2-a, 1/2+a)

where a = 0.0706 is a constant.



The structure factor of T-carbon can be written as Equation S2:

’ 1 1 ’ 1 1 ) 1 1
—|27;((§+a)h+(§—a)k+(l—a)lj + e—|2n[(5—a)h+ak+(5—a)lj + e—i27r((1—a)h+(1—a)k+a|) + e—|2n(ah+(§+a)k+(§+a)lj

Fu = fle

. 1 1 } 1 1
—i27r(ah+ak+al) —|2n((l—a)h+(§+a)k+(§—a)lj + e_l2”((§_a)h+(§_a)k+al]+e—i27:(ah+(1—a)k+(1—a)|)

+e +e

1 . 1 1 . 1 1
—|27: (=+a)h+ak+( +a)|j —|Zn((f—a)h+(1—a)k+(7+a)lj —|2n[ah+(f—a)k+(f—a)lj _ _ _
2 +e 2 2 +e 2 2 +e i 2z((1~a)h+ak+(1-a)l)

. 1 3 3 . 3 3 1 . 3 1 3
—i2z| (Z+a)h+(= +a)k+aJJ —i 27:[(——a) h+(=+a) k+(7+a)lj —i 27:[(7+a) h+(——a)k+(—+a)|] —i Zﬂ'[(*—a) h+(=—a) k+(——a)|)
+e ‘4Pt pe M4 T e W4

—|27t

( +a)h+(~ +a)k+(7—a)l —|2n[(%+a)h+(%—a)k+ —+a)l

1 . 1 1 1
—| 27:[(7 a)h+(7—a)k+(7—a)l) =i Zn[(f—a)h+(f—a)k+(f—a)l)
4 +e 4 4 4
—|27r (

).

N
J+e-'2”(<
N

—|27r (% a)h+(= +a)k+( +a

Mlw

!
—|27: %+a)h+(f—a)k+( —+a)l +a)h+( +a)k+ 7—a)l

N

rayhe (S +a)k+(——a)] —|27r (:31 a)h+(——a)k+(——a)l] —i27:[(%—a)h+(%+a)k+(%+a)l]
+e

3 . 1 3 3
=i 27:((7 a) h+( +a)k+( +a)|] =i 27:((7+a)h+(7—a)k+(7+a)l)
+e ‘¢ +e 4t

—i2x| (
+e

—|27r (i+a)h+( +a)k+(7—a)l

EEATNVES +a)k+(l—a)| —i2a] (1+a)h+(1—a)k+(f—a)l) —i2z((1—a)h+(1—a)k+(1+a)|]
2 2 +e 2 2 ]

+€

(82)

—izm(2 . .
Since € I ( n):1 when n is integer, Equation S1 can be simplified to Equation S3:

Foo = f[1+ (=)™ + (=)™ + (=1 1[1+ (=) 1x(a,h k1) (83)

If h, k, | are of mixed parity (odd and even values combined) the first term is zero, so ||:hkl |
If h, k, | are either all even or all odd, then the first term [14 (—1)™* + (-1)™' + (-1)**'] =4

If h)k| are all odd, F.,=4f(1xi) » then |Fhk| |2 —30f2
Ifh k| are all even whose sum is a multiple of 4 (h+k+1=4n),then F  =4f x2. Thus||:hkl |2 =64f2

If h,k,| are all even whose sum is not a multiple of 4 (h + k+ | # 4 n), then second term is zero. Thus ||:hkl | =0



Entropy calculation. The thermal properties of solids at constant volume can be calculated from their phonon den-

sity of states as a function of frequencies within the quasi-harmonic approximation.”

The phonon contribution to the Helmholtz free energy is given by:

hwgy
thonon = %Zq,v hwq,v + kgT Zq,v In[1 — exp (_ w_q)] (54)

kT

Where q and v are the wave vector and band index, respectively, wg,is the phonon frequency at g and T is the
temperature. kg and h are the Boltzmann constant and the reduced Planck constant, respectively. The heat capacity

Cy and the entropy Sat constant volume are given by:

_ hwgy 2 exp(hwgy/kpT)
Cy = Xavks ( kpT ) [exp(hwq,v/kBT)—l]z (53)
hwgy
S=—kg Zq‘vln[l - exp(ha)q_v/kBT)] - %Zq_vm (S6)

In practical thermodynamic problems related to solids, the thermal properties need to be known at constant pressure.
They can be calculated from the previous quantities through thermodynamic relationship. The Gibbs free energy G

may be written as:
G(T,P) = miny [UWV) + Fpnonon(T; V) + pV] (S7)

where V and p are the volume and pressure, respectively, and U(V) is the total energy of electronic structure at con-
stant volume. The right-hand side of Equation 4 means that, for each couple of T and p variables, the function in-
side the square brackets is minimized with respect to the volume. Then the heat capacity at constant pressure is de-

rived from G(T, p) by:

_ 82G(T,P) _ ., dV(T,P)dS(TV)
C(T,p) =T aT? =T aT oV V:V(T,P)+CV[T'V(T'P)] (58)

where V(T, P) is the equilibrium volume at T and p.

The computed specific heat (C,) and entropy (S) of the graphite, diamond, CNT(6,6) and T-carbon are listed in
Supplementary Table 3.
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Supplementary Figure 1. Length distribution of the shortened MWCNTSs.
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Supplementary Figure 2. HRTEM image of the products after laser irradiation.
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Supplementary Figure 3. HRTEM images of different products and their EEL S spectra. HRTEM im-
ages of (&) unreacted MWCNTs and (b) amorphous products. EELS spectra of the () unreacted MWCNTs

and (d) amorphous products from methanol by laser irradiation after subtraction of carbon film background.
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Supplementary Figure 4. UV-Vis absorption spectra of T-carbon nanowire products (black) compared with
pure methanol solution after laser irradiation under the same conditions (blue) and the pristine CNTs suspen-

sion in methanol before laser irradiation (red).



400 ——————//

7/ 1 T T T T T T

. ; .
Sample
Reference|

300 | Ascat _ scat
rei

f sample

200 -

[y

o

o
T

A\

Counts/10°

o
N

0.1

0.0 . 1 . //// 1 q q .
340 360 400 440 480 520 560

Wavelength/nm

Supplementary Figure5. Absolute photoluminescence quantum yield measurement of the T-carbon
nanowires based on the crude products using an integrating sphere. The quantum yield is calculated as
the ratio of the number of photons emitted (N°™) by the number of photons absorbed (N**). Number of

emitted photons is given by the area under the spectrally corrected emission (A°™). Number of absorbed
photons is given by the difference of areas under the Rayleigh scattering peaks of a reference sample and

the sample under study (N*=A%" - A% 110). Q= N N*= A%/ A% =A% oie)=5.4+0.2%.>*
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Supplementary Figure 6. Photoluminescence (PL) spectra of the same T-carbon NW suspension in methanol
at different temperatures (black - 0°C, red - 27 °C, blue - 60 °C).
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Supplementary Figure 7. Calculated absorption spectra of T-carbon, graphene nanoribbon (sp* carbon in
GNR with a width of W14), single-walled carbon nanotube (CNT) (8,0) (sp*-carbon in CNT), and diamond

(sp>-carbon in diamond).
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Supplementary Figure 8. Raman spectrum of the T-carbon nanowire (NW) products (black) after laser irra-

diation of MWCNT suspension in methanol compared with that of diamond (red).
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Supplementary Figure 9. Phonon density of states (Phonon-DOS) of diamond, graphite, T-carbon and
CNT(6,6) respectively. The eigenvectors of high frequency longitudinal optical modes are plotted next to each

structure.
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Supplementary Table 1. Interplanar distances of T-carbon with a lattice constant of 7.80 A.

hkly | (i1 | o220 | 113y | 004y | {1150 | {135}

D(A) | 4.50 2.76 2.35 1.95 1.50 1.32

Supplementary Table 2. Comparison of interplanar angles between experimental and calculated values.

hkl, hkl, 0 ()| ()"
0-22 004 45+2 45.00
(Figure Ic) 022 90+2 90.00
0-22 202 60+2 60.00
(Figure 1d) 220 120+2 120.00
0-22 113 3242 31.48
(Figure 2a) 131 3242 31.48
111 90+2 90.00
004 1 31 7242 72.45
(Figure 2b) 131 107+2 107.55
151 102+2 101.10
151 80+2 78.90
153 59+2 59.53
1-31 151 3142 29.50
(Figure 2b) 151 8.5+2 9.45
153 1342 14.46

8o,y refers to the experimental interplanar angles between hkl; and hkl,

Poq refers to the calculated interplanar angles between hkl; and hkl,



Supplementary Table 3. Specific heat (C,) and entropy (S) of graphite, diamond, CNT(6,6) and T-carbon.

C, (OPa, 300K)(J/mol/K) S (300K) J/mol/K
Graphite (8.25)° 8.53 (5.31)°7 (5.68)° 5.09
Diamond (6.06)° 6.71 (2.45)° 2.67
MWCNT 8.04° (6.43)° 5.85
T-carbon 10.98 7.56
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