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Quantum chemical calculations

The FTMW spectroscopic searches for HCCNSi and NCNSi reported here were guided by

high-level quantum-chemical calculations performed at the coupled-cluster (CC) level using

the CC singles and doubles level augmented by a perturbative treatment of triple excitations,

CCSD(T).1 All calculations were performed using the CFOUR program package2,3 in com-

bination with Dunning’s hierarchies of correlation consistent polarized valence and polarized

core-valence sets: in the frozen-core approach, the d-augmented correlation consistent basis

set cc-pV(T+d)Z was used for the silicon atom4 along with standard basis sets cc-pVTZ for

hydrogen, oxygen and carbon (denoted CCSD(T)/cc-pV(T+d)Z in the following). When

considering all electrons in the correlation treatment, the cc-pwCVXZ (X = T and Q) basis

sets5 were used. The calculations follow the general strategies outlined recently in Ref.6

The best equilibrium structures of HCCNSi, HC4NSi and NCNSi have been calculated

at the CCSD(T)/cc-pwCVQZ level of theory (Tables S1 and S2), which has been shown on

several occasions to yield equilibrium structures of very high quality for molecules harboring

second-row elements7,8 and has supported high-resolution spectroscopic detection of a siz-

able number of new molecules recently in this laboratory.9–11 Nuclear quadrupole coupling

constants eQq(N) were obtained at the same level of theory. Harmonic and anharmonic

force fields were calculated in the frozen-core approximation at the CCSD(T)/cc-pV(T+d)Z

level of theory using analytic second-derivative techniques12,13 followed by additional nu-

merical differentiation to calculate the third and fourth derivatives needed for the anhar-

monic force fields.13,14 Theoretical ground state rotational constants are then obtained from

the relation B0 = Be − ∆B0. Here, the equilibrium rotational constants Be are obtained

from the CCSD(T)/cc-pwCVQZ equilibrium structures and corrected for the effects of zero-

point vibration calculated at the CCSD(T)/cc-pV(T+d)Z level of theory. In addition, the

CCSD(T)/cc-pV(T+d)Z force field calculation yields the quartic centrifugal distortion pa-

rameters. The calculated spectroscopic parameters are summarized in Tables S3, S4 and S5.

Harmonic and anharmonic vibrational frequencies are collected in Tables S6 and S7.
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Table S1: Equilibrium structural parameters of HCCNSi and NCNSi (in Å).

HCCNSi
Method rH−C rC−C rC−N rN−Si

B3LYP/6-311G**, Ref.15 1.071 1.221 1.786 1.588
B3LYP/6-31G(d), Ref.16 1.0645 1.2181 1.2996 1.5846
QCISD/6-311G(d,p), Ref.16 1.0644 1.2160 1.3183 1.5733
fc-CCSD(T)/cc-pV(T+d)Z 1.0621 1.2182 1.3107 1.5765
fc-CCSD(T)/cc-pV(Q+d)Z 1.0619 1.2151 1.3088 1.5732
CCSD(T)/cc-pwCVTZ 1.0615 1.2142 1.3080 1.5688
CCSD(T)/cc-pwCVQZ 1.0606 1.2120 1.3065 1.5659
remp
e , fc-CCSD(T)/cc-pV(T+d)Z 1.0605(1) 1.2117(1) 1.3049(2) 1.5663(2)

NCNSi
— rN−C rC−N rN−Si

HF/DZP, Ref.17 — 1.144 1.307 1.543
B3LYP/DZP, Ref.17 — 1.178 1.304 1.579
MP2/DZP, Ref.17 — 1.196 1.318 1.584
CCSD/DZP, Ref.17 — 1.180 1.322 1.572
B3LYP/6-311G(d), Ref.18 — 1.1646 1.2969 1.5796
fc-CCSD(T)/cc-pV(T+d)Z — 1.1720 1.3099 1.5741
fc-CCSD(T)/cc-pV(Q+d)Z — 1.1686 1.3078 1.5710
CCSD(T)/cc-pwCVTZ — 1.1677 1.3072 1.5665
CCSD(T)/cc-pwCVQZ — 1.1655 1.3054 1.5638
remp
e , fc-CCSD(T)/cc-pV(T+d)Z — 1.1656(1) 1.3037(2) 1.5640(2)

Table S2: Equilibrium structures of HCCCCNSi (in Å).

Method rH−C rC−C rC−C rC−C rC−N rN−Si

fc-CCSD(T)/cc-pV(T+d)Z 1.0635 1.2180 1.3702 1.2253 1.3009 1.5813
fc-CCSD(T)/cc-pV(Q+d)Z 1.0630 1.2151 1.3681 1.2222 1.2991 1.5779
CCSD(T)/cc-pwCVTZ 1.0627 1.2142 1.3676 1.2213 1.2984 1.5735
CCSD(T)/cc-pwCVQZ 1.0617 1.2120 1.3655 1.2191 1.2970 1.5705
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Table S3: Spectroscopic parameters of HCCNSi and its isotopologs (in MHz).

Parameter HCCNSi HCCN29Si HCCN30Si
Calc. Exp.

B 2842.735a 2844.82943(14) 2802.48249(22) 2762.64147(35)
D × 103 0.190b 0.2013(33) 0.1916(19) 0.1893(141)
eQq(N) 0.907c 0.8895(20) 0.8905(61) 0.8987(360)
∆B0

b 2.451 · · · 2.399 2.350
µ 1.44c · · · · · · · · · · · ·

Parameter H13CCNSi HC13CNSi HCC15NSi DCCNSi
B 2754.02718(15) 2821.46479(16) 2844.68517(24) 2664.15573(12)

D × 103 0.1926(923) 0.2018(36) 0.2046(39) 0.1744(31)
eQq(N) 0.8953(55) 0.8985(31) . . . 0.9011(18)
eQq(D) . . . . . . . . . 0.2265(33)
∆B0

b 2.426 2.385 2.477 1.478
a Calculated value, see text.

b Calculated value, fc-CCSD(T)/cc-pV(T+d)Z.
c Calculated value, CCSD(T)/cc-pwCVQZ.

Table S4: Spectroscopic parameters of NCNSi and its isotopologs (in MHz).

Parameter NoCNiSi N13CNSi N13C15NSi
Calc. Scaled Exp.

B 2907.141a 2909.283b 2909.422841(91) 2885.45388 (18) 2885.17079(17)
D × 103 0.208c 0.220b 0.2283(26) 0.219(16) 0.228d

eQq(No) −3.222e · · · −3.2928(12) −3.2911(12) −3.241(37)
eQq(Ni) 1.324e · · · 1.3387(16) 1.3363(15) · · ·

∆B0
b 1.776 · · · · · · 1.723 1.790

µ 5.41e · · · · · · · · · · · ·
Parameter 15N13CNSi 15NC15NSi 15NC15N29Si 15NC15N30Si

B 2798.24467(25) 2819.17542(12) 2775.51184(15) 2734.43050(22)
D × 103 0.228c 0.2117(47) 0.1956(73) 0.191(14)
eQq(No) · · · · · · · · · · · ·
eQq(Ni) 1.324c · · · · · · · · ·

∆B0
b 1.626 1.743 1.693 1.646

a Calculated value, see text.
b Empirically scaled value Xscaled,NCNSi =

Xexp,HCCNSi

Xcalc,HCCNSi
×Xcalc,NCNSi (X = B,D).

c Calculated value, fc-CCSD(T)/cc-pV(T+d)Z.
d Constrained to value of the normal isotopic species.

e Calculated value, CCSD(T)/cc-pwCVQZ.
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Table S5: Spectroscopic parameters of HC4NSi (in MHz and D).

Parameter HC4NSi
Calc. Exp.

B 922.3a 923.10380(13)
D × 103 0.0123b 0.0137(12)
eQq(N) 0.874c 0.865(83)
∆B0 −0.553b · · ·
µ 2.12c · · ·

a Calculated value, see text.
b Calculated value, fc-CCSD(T)/cc-pV(T+d)Z.

c Calculated value, CCSD(T)/cc-pwCVQZ.

Table S6: Vibrational fundamental frequencies (fc-CCSD(T)/cc-pV(T+d)Z) of
HCCNSi (in cm−1) and IR intensities (km/mol).

Vib. Mode Fundamental IR Intensity
Harmonic Anharmonic

ν1(σ) 3472 3336 73
ν2(σ) 2140 2066 1
ν3(σ) 1453 1429 17
ν4(σ) 714 699 0.1
ν5(π) 545 551 35
ν6(π) 460 471 17
ν7(π) 176 175 9

Table S7: Vibrational fundamental frequencies (fc-CCSD(T)/cc-pV(T+d)Z) of
NCNSi (in cm−1) and IR intensities (km/mol).

Vib. Mode Fundamental IR Intensity
Harmonic Anharmonic

ν1(σ) 2239 2211 42
ν2(σ) 1480 1458 82
ν3(σ) 708 704 5
ν4(π) 521 516 17
ν5(π) 166 165 1
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Experiment

A sensitive FT microwave spectrometer was used to detect rotational lines of the new silaiso-

cyanides. It operates between 5 and 43 GHz, and is described in detail elsewhere.19,20 Using

a low-repetition rate pulsed nozzle source (6 Hz), molecules adiabatically expand from a

small hole in one of the cavity mirrors into a large vacuum chamber; as they traverse the

center of the Fabry-Perot cavity, their rotational temperature has dropped to only a few

Kelvin (Trot ∼ 3 K), and they are excited by a short microwave pulse. Following excitation,

radiation from the coherently rotating molecules is detected with a sensitive heterodyne re-

ceiver. Owing to a narrow instantaneous bandwidth (1 MHz), wide searches in frequency are

accomplished by extensive computer-control and automation, in which the mirror separation

and the applied frequency are synchronously changed.

The source conditions used to detect all three molecules were similar to those used to pro-

duce other transient molecules, in which a rich combination of familiar and exotic molecules

are produced by applying an electrical discharge to a mixture of stable precursors heavily

diluted in an inert buffer gas. Here, HCCNSi was observed through a discharge consisting

of methyl cyanide, CH3CN (formally carrying the HCCN structural motif), and silane, SiH4

(serving as the source of silicon), both diluted to 1% in Ne. A number of rare isotopic species

of HCCNSi were then observed using commercially available, isotopically-enriched samples

of CH3CN (Aldrich): 13CH3CN, CH3
13CN, CH3C

15N, and CD3CN, while HCCN29Si and

HCCN30Si were observed in natural abundance (29Si: 4.7% and 30Si: 3.1%). NCNSi was

first detected using a three-component mixture of HC3N, SiH4, and N2 in Ne, but a mixture

CH3CN, SiH4, and N2 also produced strong lines of this species, enabling extensive isotopic

spectroscopy to subsequently be undertaken. Lines of HC4NSi were only observed with a

mixture of HC3N and SiH4 in Ne. For all three molecules, the discharge potential was typi-

cally in the 1000-1200 V range, and the stagnation pressure behind the nozzle was 2.5 kTorr

(3.2 atm).
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Measurements, Analysis, and Structural Determinations

Both HCCNSi and NCNSi are expected to exhibit fair simple pure rotational spectra charac-

teristic of linear molecules with compact fine structure at low-J owing to the presence of one

or two nitrogen nuclei (IN = 1, see, e.g., Figure S1). The SPFIT/SPCAT suite of programs21

was used to predict frequencies of rotational lines and to determine best-fit spectroscopic

parameters from frequency measurements; the STRFIT program was used for structural

determinations.22 In the latter procedure, empirical equilibrium rotational constants were

calculated according to Bemp
e = Bexp

0 + ∆Bcalc
0 (see Table 1 in the main manuscript), and

the equilibrium structural parameters were determined through a least-squares fit to the

empirical moments of inertia Iemp
e (see, e.g., Ref.6). As can be seen from the numbers given

in Figure 1 in the main manuscript, statistical uncertainties from this procedure are of order

1− 2× 10−4Å.

F = 2-2

F = 4-3 F = 3-2
F = 2-1

F = 3-3

Figure S1: Original survey scan in search for the J = 3− 2 rotational transition of HCCNSi
at 17 GHz and spectroscopic assignment under consideration of hyperfine structure from the
nitrogen nucleus.
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Calculations of other R-NSi species

To support future microwave studies, four selected (and more complex) silaisocyandes were

calculated at the same level of theory used for guiding the spectroscopic searches for HCCNSi,

NCNSi and HC4NSi here. Structural and spectroscopic parameters are collected in Figure

S2 and Table S8.
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Figure S2: Four R-NSi species studied here at the CCSD(T)/cc-pwCVQZ level of the-
ory: NC3NSi (cyanosilaisocyanoacetylene, top), CH3NSi (methylsilaisocyanide, center left),
C2H4NSi (vinylsilaisocyanide, center right), and C2H5NSi (ethylsilaisocyanide, bottom).

8



Table S8: Spectroscopic parameters of selected R-NSi species (in MHz and D)
calculated at the CCSD(T) level of theory.

Parameter NC3NSi CH3NSi C2H3NSi C2H5NSi
Ae

a · · · · · · 47926.610 25224.799
Be

a 922.591 5287.692 2997.098 2913.072
Ce

a · · · · · · 2820.705 2698.527
∆A0

b · · · · · · +83.270 +163.450
∆B0

b −0.413 +17.656 +8.284 +13.726
∆C0

b · · · · · · +10.482 +15.381
A0 · · · · · · 47843.340 25061.349
B0 923.004 · · · 2988.814 2899.346
C0 · · · · · · 2810.223 2683.146
DJ × 103b 0.0126 1.07 0.630 0.990
DJK × 101b · · · 0.734 −0.553 −0.275
DK

b · · · · · · 3.93 0.605
d1 × 103b · · · · · · −0.102 −0.186
d2 × 106b · · · · · · −5.45 −9.46
eQqinner

a +0.990 +0.741 · · · · · ·
eQqouter

a −4.014 · · · · · · · · ·
χaa

a · · · · · · +0.409 +0.509
χbb

a · · · · · · −0.489 −0.224
µa

a 6.77 0.44 0.46 0.42
µb

a · · · · · · 0.09 0.06
a Calculated value, CCSD(T)/cc-pwCVQZ.

b Calculated value, fc-CCSD(T)/cc-pV(T+d)Z.
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Summary of experimental microwave transition frequen-

cies

HCCNSi

In total, the lowest six rotational transitions of HCCNSi were observed between 5 and 34 GHz.

In addition to the parent isotopic species H12C12C14N28Si, six more isotopologs were observed:

HCCN29Si and HCCN30Si were detected in natural abundance, and four others using ap-

propriate isotopically enriched precursor samples of methyl cyanide: H13CCNSi, HC13CNSi,

HCC15Si, and DCCNSi. The measured lines are given in Tables S9 to S15 and the best-fit

constants are summarized in Table S3.

HCCNSi - truncated fit files from SPFIT (in MHz)

Table S9: HCCNSi parent species

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 1 0 0 1 5689.20770 5689.20831 -0.00061 0.00200 0.00000

2: 1 2 0 1 5689.61400 5689.61308 0.00092 0.00200 0.00000

3: 1 1 0 1 5689.88270 5689.88294 -0.00024 0.00200 0.00000

4: 2 1 1 1 11378.86120 11378.86153 -0.00033 0.00200 0.00000

5: 2 3 1 2 11379.29290 11379.29200 0.00090 0.00200 0.00000

6: 2 2 1 1 11379.31310 11379.31128 0.00182 0.00200 0.00000

7: 2 1 1 0 11379.53800 11379.53616 0.00184 0.00200 0.00000

8: 2 2 1 2 11379.57810 11379.58113 -0.00303 0.00200 0.00000

9: 3 2 2 2 17068.54910 17068.55007 -0.00097 0.00200 0.00000

10: 3 4 2 3 17068.94360 17068.94413 -0.00053 0.00200 0.00000

11: 3 3 2 2 17068.95680 17068.95484 0.00196 0.00200 0.00000

12: 3 2 2 1 17069.00020 17068.99981 0.00039 0.00200 0.00000

13: 3 3 2 3 17069.24290 17069.24397 -0.00107 0.00200 0.00000

14: 4 5 3 4 22758.57700 22758.57710 -0.00010 0.00200 0.00000

15: 4 4 3 3 22758.58570 22758.58391 0.00179 0.00200 0.00000

16: 4 3 3 2 22758.60090 22758.60319 -0.00229 0.00200 0.00000

17: 5 6 4 5 28448.18850 28448.18895 -0.00045 0.00200 0.00000 28448.19106 -0.00256 0.5521

18: 5 5 4 4 28448.18850 28448.19367 -0.00517 0.00200 0.00000 28448.19106 -0.00256 0.4479

19: 5 4 4 3 28448.20670 28448.20437 0.00233 0.00200 0.00000

20: 6 7 5 6 34137.78010 34137.77581 0.00429 0.00200 0.00000 34137.77980 0.00030 0.3919

21: 6 6 5 5 34137.78010 34137.77927 0.00083 0.00200 0.00000 34137.77980 0.00030 0.3304

22: 6 5 5 4 34137.78010 34137.78608 -0.00598 0.00200 0.00000 34137.77980 0.00030 0.2777

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.89357E-01 3 9.99595E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2844.829429(144) -0.000000

2 200 -D -0.2013( 33)E-03 0.0000E-03

3 110010000 1.5*eQq 1.34926(296) -0.00000

MICROWAVE AVG = 0.000027 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001538 MHz, IR RMS = 0.00000

END OF ITERATION 1 OLD, NEW RMS ERROR= 0.76896 0.76896
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Table S10: HCCN29Si

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 1 1 1 11209.47240 11209.47399 -0.00159 0.00200 0.00000

2: 2 3 1 2 11209.90610 11209.90456 0.00154 0.00200 0.00000

3: 2 2 1 1 11209.92200 11209.92384 -0.00184 0.00200 0.00000

4: 2 1 1 0 11210.14690 11210.14877 -0.00187 0.00200 0.00000

5: 2 2 1 2 11210.19280 11210.19375 -0.00095 0.00200 0.00000

6: 3 4 2 3 16814.86390 16814.86355 0.00035 0.00200 0.00000

7: 3 3 2 2 16814.87800 16814.87426 0.00374 0.00200 0.00000

8: 3 2 2 1 16814.92070 16814.91924 0.00146 0.00200 0.00000

9: 4 5 3 4 22419.80460 22419.80407 0.00053 0.00200 0.00000

10: 4 4 3 3 22419.81240 22419.81089 0.00151 0.00200 0.00000

11: 4 3 3 2 22419.82620 22419.83017 -0.00397 0.00200 0.00000

12: 5 6 4 5 28024.72470 28024.72441 0.00029 0.00400 0.00000 28024.72652 -0.00182 0.5517

13: 5 5 4 4 28024.72470 28024.72912 -0.00442 0.00400 0.00000 28024.72652 -0.00182 0.4483

14: 5 4 4 3 28024.74200 28024.73983 0.00217 0.00400 0.00000

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.35234E-01 3 9.99350E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2802.482491(222) -0.000000

2 200 -D -0.1916( 76)E-03 0.0000E-03

3 110010000 1.5*eQq 1.3495( 47) -0.0000

MICROWAVE AVG = -0.000056 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.002061 MHz, IR RMS = 0.00000

END OF ITERATION 1 OLD, NEW RMS ERROR= 0.97283 0.97283

Table S11: HCCN30Si

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 3 1 2 11050.54120 11050.54056 0.00064 0.00200 0.00132

2: 2 2 1 1 11050.55790 11050.55982 -0.00192 0.00200 0.00100

3: 3 4 2 3 16575.81750 16575.81767 -0.00017 0.00200 0.00101

4: 3 3 2 2 16575.82990 16575.82837 0.00153 0.00200 0.00087

5: 3 2 2 1 16575.87340 16575.87330 0.00010 0.00200 0.00191

6: 4 5 3 4 22101.07560 22101.07647 -0.00087 0.00200 0.00140

7: 4 4 3 3 22101.08370 22101.08328 0.00042 0.00200 0.00137

NORMALIZED DIAGONAL:

1 1.00000E+00 2 3.46126E-01 3 9.95995E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2762.64147( 35) -0.00000

2 200 -D -0.1893(141)E-03 0.0000E-03

3 110010000 1.5*eQq 1.348( 54) 0.000

MICROWAVE AVG = -0.000039 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001029 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 0.51464 0.51464

Table S12: HCC15NSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 1 0 5689.36920 5689.36952 -0.00032 0.00200 0.00000

2: 2 1 11378.73400 11378.73413 -0.00013 0.00200 0.00000

3: 3 2 17068.08910 17068.08892 0.00018 0.00200 0.00000

4: 4 3 22757.42910 22757.42898 0.00012 0.00200 0.00000

5: 5 4 28446.74970 28446.74941 0.00029 0.00200 0.00000

6: 6 5 34136.04470 34136.04528 -0.00058 0.00200 0.00000

7: 7 6 39825.31260 39825.31170 0.00090 0.00400 0.00000

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.13510E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2844.685169(238) -0.000000

2 200 -D -0.2046( 39)E-03 0.0000E-03

MICROWAVE AVG = 0.000066 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.000448 MHz, IR RMS = 0.00000

END OF ITERATION 1 OLD, NEW RMS ERROR= 0.16823 0.16823

11



Table S13: H13CCNSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 3 1 2 11016.08320 11016.08335 -0.00015 0.00200 0.00000

2: 2 2 1 1 11016.10570 11016.10254 0.00316 0.00200 0.00000

3: 2 1 1 0 11016.32770 11016.32637 0.00133 0.00200 0.00000

4: 2 2 1 2 11016.36990 11016.37113 -0.00123 0.00200 0.00000

5: 3 4 2 3 16524.13080 16524.13159 -0.00079 0.00200 0.00000

6: 3 3 2 2 16524.14400 16524.14225 0.00175 0.00200 0.00000

7: 3 2 2 1 16524.18780 16524.18701 0.00079 0.00200 0.00000

8: 4 5 3 4 22032.16030 22032.16131 -0.00101 0.00200 0.00000

9: 4 4 3 3 22032.16880 22032.16810 0.00070 0.00200 0.00000

10: 4 3 3 2 22032.18460 22032.18728 -0.00268 0.00200 0.00000

11: 5 6 4 5 27540.17030 27540.17076 -0.00046 0.00200 0.00000 27540.17286 -0.00256 0.5518

12: 5 5 4 4 27540.17030 27540.17545 -0.00515 0.00200 0.00000 27540.17286 -0.00256 0.4482

13: 5 4 4 3 27540.18710 27540.18611 0.00099 0.00200 0.00000

14: 6 7 5 6 33048.15720 33048.15625 0.00095 0.00200 0.00000 33048.15783 -0.00063 0.5425

15: 6 6 5 5 33048.15720 33048.15969 -0.00249 0.00200 0.00000 33048.15783 -0.00063 0.4575

16: 6 5 5 4 33048.16830 33048.16648 0.00182 0.00200 0.00000

17: 7 8 6 7 38556.11670 38556.11357 0.00313 0.00200 0.00000 38556.11654 0.00016 0.3830

18: 7 7 6 6 38556.11670 38556.11620 0.00050 0.00200 0.00000 38556.11654 0.00016 0.3311

19: 7 6 6 5 38556.11670 38556.12090 -0.00420 0.00200 0.00000 38556.11654 0.00016 0.2860

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.29199E-01 3 9.78911E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2754.027175(147) -0.000000

2 200 -D -0.19260(230)E-03 0.00000E-03

3 110010000 1.5*eQq 1.3430( 82) -0.0000

MICROWAVE AVG = 0.000111 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001583 MHz, IR RMS = 0.00000

END OF ITERATION 1 OLD, NEW RMS ERROR= 0.79169 0.79169

Table S14: HC13CNSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 1 1 1 11285.40220 11285.40344 -0.00124 0.00200 0.00168

2: 2 3 1 2 11285.83390 11285.83346 0.00044 0.00200 0.00055

3: 2 2 1 1 11285.85420 11285.85272 0.00148 0.00200 0.00055

4: 2 1 1 0 11286.07640 11286.07736 -0.00096 0.00200 0.00094

5: 2 2 1 2 11286.12120 11286.12229 -0.00109 0.00200 0.00107

6: 3 4 2 3 16928.75620 16928.75627 -0.00007 0.00200 0.00065

7: 3 3 2 2 16928.76860 16928.76696 0.00164 0.00200 0.00065

8: 3 2 2 1 16928.81180 16928.81189 -0.00009 0.00200 0.00066

9: 4 5 3 4 22571.65980 22571.65987 -0.00007 0.00200 0.00064

10: 4 4 3 3 22571.66880 22571.66668 0.00212 0.00200 0.00064

11: 4 3 3 2 22571.68190 22571.68593 -0.00403 0.00200 0.00064

12: 5 6 4 5 28214.54330 28214.54230 0.00100 0.00200 0.00082 28214.54441 -0.00111 0.5518

13: 5 5 4 4 28214.54330 28214.54701 -0.00371 0.00200 0.00082 28214.54441 -0.00111 0.4482

14: 5 4 4 3 28214.56110 28214.55771 0.00339 0.00200 0.00082

15: 6 7 5 6 33857.40280 33857.39967 0.00313 0.00200 0.00163 33857.40367 -0.00087 0.3919

16: 6 6 5 5 33857.40280 33857.40313 -0.00033 0.00200 0.00163 33857.40367 -0.00087 0.3301

17: 6 5 5 4 33857.40280 33857.40994 -0.00714 0.00200 0.00163 33857.40367 -0.00087 0.2780

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.59913E-01 3 9.99484E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2821.464794(162) -0.000000

2 200 -D -0.2018( 36)E-03 0.0000E-03

3 110010000 1.5*eQq 1.3478( 47) -0.0000

MICROWAVE AVG = -0.000032 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001752 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 0.87604 0.87604
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Table S15: DCCNSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 1 2 1 1 2 10656.15110 10656.14950 0.00160 0.00200 0.00094

2: 2 1 2 1 1 1 10656.17030 10656.17228 -0.00198 0.00200 0.00091

3: 2 1 1 1 1 2 10656.17810 10656.17979 -0.00169 0.00200 0.00095

4: 2 1 1 1 1 1 10656.20230 10656.20258 -0.00028 0.00200 0.00100

5: 2 2 1 1 1 0 10656.52710 10656.53842 -0.01132 0.01000 0.00106

6: 2 3 4 1 2 3 10656.59380 10656.59316 0.00064 0.00200 0.00041

7: 2 2 3 1 1 2 10656.60370 10656.60219 0.00151 0.00200 0.00041 10656.60289 0.00081 0.5597

8: 2 3 2 1 2 1 10656.60370 10656.60377 -0.00007 0.00200 0.00041 10656.60289 0.00081 0.4403

9: 2 3 3 1 2 2 10656.61170 10656.60829 0.00341 0.00200 0.00047

10: 2 2 2 1 1 1 10656.66420 10656.66432 -0.00012 0.00200 0.00074

11: 2 1 2 1 0 1 10656.84270 10656.84161 0.00109 0.00200 0.00065

12: 2 1 1 1 0 1 10656.87070 10656.87190 -0.00120 0.00200 0.00078

13: 2 2 3 1 2 3 10656.89160 10656.89312 -0.00152 0.00200 0.00073

14: 2 2 1 1 2 1 10656.91110 10656.91278 -0.00168 0.00200 0.00087

15: 3 4 3 2 3 3 15984.82070 15984.81998 0.00072 0.00200 0.00121

16: 3 3 2 2 2 2 15984.85060 15984.85118 -0.00058 0.00200 0.00098

17: 3 2 1 2 1 1 15984.89180 15984.89299 -0.00119 0.00200 0.00095

18: 3 4 5 2 3 4 15984.90370 15984.90209 0.00161 0.00200 0.00050

19: 3 3 2 2 2 1 15984.91100 15984.90696 0.00404 0.00200 0.00051 15984.90833 0.00267 0.1447

20: 3 4 3 2 3 2 15984.91100 15984.90793 0.00307 0.00200 0.00051 15984.90833 0.00267 0.2380

21: 3 3 4 2 2 3 15984.91100 15984.90864 0.00236 0.00200 0.00051 15984.90833 0.00267 0.2960

22: 3 4 4 2 3 3 15984.91100 15984.90896 0.00204 0.00200 0.00051 15984.90833 0.00267 0.3212

23: 3 3 3 2 2 2 15984.93230 15984.92719 0.00511 0.00400 0.00055

24: 3 2 3 2 1 2 15984.95430 15984.95437 -0.00007 0.00200 0.00052

25: 3 2 2 2 1 1 15984.98130 15984.98045 0.00085 0.00200 0.00066

26: 4 5 6 3 4 5 21313.19990 21313.19261 0.00729 0.00200 0.00059 21313.20324 -0.00334 0.1752

27: 4 5 4 3 4 3 21313.19990 21313.19628 0.00362 0.00200 0.00059 21313.20324 -0.00334 0.1146

28: 4 5 5 3 4 4 21313.19990 21313.19640 0.00350 0.00200 0.00059 21313.20324 -0.00334 0.1431

29: 4 4 5 3 3 4 21313.19990 21313.19735 0.00255 0.00200 0.00059 21313.20324 -0.00334 0.1381

30: 4 4 3 3 3 2 21313.19990 21313.19945 0.00045 0.00200 0.00059 21313.20324 -0.00334 0.0821

31: 4 4 4 3 3 3 21313.19990 21313.20576 -0.00586 0.00200 0.00059 21313.20324 -0.00334 0.1069

32: 4 3 4 3 2 3 21313.19990 21313.21702 -0.01712 0.00200 0.00059 21313.20324 -0.00334 0.1120

33: 4 3 2 3 2 1 21313.19990 21313.22531 -0.02541 0.00200 0.00059 21313.20324 -0.00334 0.0520

34: 4 3 3 3 2 2 21313.19990 21313.22701 -0.02711 0.00200 0.00059 21313.20324 -0.00334 0.0759

35: 5 6 7 4 5 6 26641.46980 26641.46413 0.00567 0.00200 0.00094 26641.47114 -0.00134 0.1601

36: 5 6 6 4 5 5 26641.46980 26641.46649 0.00331 0.00200 0.00094 26641.47114 -0.00134 0.1354

37: 5 6 5 4 5 4 26641.46980 26641.46665 0.00315 0.00200 0.00094 26641.47114 -0.00134 0.1132

38: 5 5 6 4 4 5 26641.46980 26641.46767 0.00213 0.00200 0.00094 26641.47114 -0.00134 0.1326

39: 5 5 4 4 4 3 26641.46980 26641.46980 -0.00000 0.00200 0.00094 26641.47114 -0.00134 0.0882

40: 5 5 5 4 4 4 26641.46980 26641.47233 -0.00253 0.00200 0.00094 26641.47114 -0.00134 0.1083

41: 5 4 5 4 3 4 26641.46980 26641.47865 -0.00885 0.00200 0.00094 26641.47114 -0.00134 0.1120

42: 5 4 3 4 3 2 26641.46980 26641.48346 -0.01366 0.00200 0.00094 26641.47114 -0.00134 0.0652

43: 5 4 4 4 3 3 26641.46980 26641.48370 -0.01390 0.00200 0.00094 26641.47114 -0.00134 0.0850

44: 6 7 8 5 6 7 31969.71980 31969.71366 0.00614 0.00200 0.00174 31969.71864 0.00116 0.1509

45: 6 7 7 5 6 6 31969.71980 31969.71527 0.00453 0.00200 0.00174 31969.71864 0.00116 0.1307

46: 6 7 6 5 6 5 31969.71980 31969.71550 0.00430 0.00200 0.00174 31969.71864 0.00116 0.1125

47: 6 6 7 5 5 6 31969.71980 31969.71640 0.00340 0.00200 0.00174 31969.71864 0.00116 0.1291

48: 6 6 5 5 5 4 31969.71980 31969.71816 0.00164 0.00200 0.00174 31969.71864 0.00116 0.0921

49: 6 6 6 5 5 5 31969.71980 31969.71930 0.00050 0.00200 0.00174 31969.71864 0.00116 0.1091

50: 6 5 6 5 4 5 31969.71980 31969.72340 -0.00360 0.00200 0.00174 31969.71864 0.00116 0.1118

51: 6 5 5 5 4 4 31969.71980 31969.72638 -0.00658 0.00200 0.00174 31969.71864 0.00116 0.0903

52: 6 5 4 5 4 3 31969.71980 31969.72654 -0.00674 0.00200 0.00174 31969.71864 0.00116 0.0734

NORMALIZED DIAGONAL:

1 1.00000E+00 2 6.01010E-01 3 9.95336E-01 4 9.68365E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2664.155725(122) 0.000000

2 200 -D -0.17443(309)E-03 -0.00000E-03

3 110010000 1.5*eQqN 1.35168(276) -0.00000

4 220010000 1.5*eQqD 0.3397( 49) 0.0000

MICROWAVE AVG = -0.000276 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.002966 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 0.84522 0.84522
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NCNSi

The five lowest rotational transitions of NCNSi fall between 5 and 30 GHz, and each was

measured at high spectral resolution. Although each line has complicated, slowly-spaced

hyperfine structure owing to the two nitrogen nuclei, the spectral analysis was straightfor-

ward because the experimental quadrupole coupling constants are close to those predicted:

eQq(Nouter) = −3.2 MHz and eQq(Ninner) = +1.3 MHz. Like for HCCNSi, six additional

isotopologs of NCCNSi were detected using SiH4 along with isotopically-enriched samples of

CH3CN alone or in combination with 15N2. The experimental data are given in Tables S16

to S22, and the best-fit constants in Table S4.

NCNSi - truncated fit files from SPFIT (in MHz)
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Table S16: NCNSi parent species

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 1 1 1 0 1 0 5817.70730 5817.70814 -0.00084 0.00200 0.00000 5817.70821 -0.00091 0.0687

2: 1 1 1 0 1 2 5817.70730 5817.70819 -0.00089 0.00200 0.00000 5817.70821 -0.00091 0.4756

3: 1 1 1 0 1 1 5817.70730 5817.70823 -0.00093 0.00200 0.00000 5817.70821 -0.00091 0.4556

4: 1 1 2 0 1 1 5818.03150 5818.03023 0.00127 0.00200 0.00000 5818.03021 0.00129 0.3837

5: 1 1 2 0 1 2 5818.03150 5818.03019 0.00131 0.00200 0.00000 5818.03021 0.00129 0.6163

6: 1 1 0 0 1 1 5818.35610 5818.35635 -0.00025 0.00200 0.00000

7: 1 2 1 0 1 0 5818.86900 5818.86893 0.00007 0.00200 0.00000 5818.86894 0.00006 0.9000

8: 1 2 1 0 1 1 5818.86900 5818.86902 -0.00002 0.00200 0.00000 5818.86894 0.00006 0.1000

9: 1 2 3 0 1 2 5818.94330 5818.94250 0.00080 0.00200 0.00000

10: 1 2 2 0 1 1 5819.26830 5819.26866 -0.00036 0.00200 0.00000 5819.26864 -0.00034 0.6172

11: 1 2 2 0 1 2 5819.26830 5819.26862 -0.00032 0.00200 0.00000 5819.26864 -0.00034 0.3828

12: 1 0 1 0 1 0 5820.54260 5820.54352 -0.00092 0.00200 0.00000 5820.54359 -0.00099 0.0338

13: 1 0 1 0 1 2 5820.54260 5820.54358 -0.00098 0.00200 0.00000 5820.54359 -0.00099 0.5190

14: 1 0 1 0 1 1 5820.54260 5820.54362 -0.00102 0.00200 0.00000 5820.54359 -0.00099 0.4472

15: 2 2 1 1 2 2 11636.22620 11636.22825 -0.00205 0.00200 0.00000

16: 2 1 0 1 0 1 11636.47510 11636.47390 0.00120 0.00200 0.00000

17: 2 2 2 1 2 2 11636.52780 11636.52806 -0.00026 0.00200 0.00000

18: 2 2 3 1 2 3 11636.70170 11636.70239 -0.00069 0.00200 0.00000

19: 2 1 2 1 0 1 11636.80170 11636.80147 0.00023 0.00200 0.00000

20: 2 1 1 1 0 1 11637.01670 11637.01750 -0.00080 0.00200 0.00000

21: 2 2 1 1 1 0 11637.14100 11637.14056 0.00044 0.00200 0.00000

22: 2 3 2 1 2 2 11637.31710 11637.31602 0.00108 0.00200 0.00000

23: 2 2 3 1 1 2 11637.61580 11637.61470 0.00110 0.00200 0.00000

24: 2 3 2 1 2 1 11637.71360 11637.71566 -0.00206 0.00200 0.00000

25: 2 3 4 1 2 3 11637.72700 11637.72595 0.00105 0.00200 0.00000

26: 2 3 3 1 2 2 11637.79720 11637.79531 0.00189 0.00200 0.00000

27: 2 2 2 1 1 1 11638.08910 11638.08849 0.00061 0.00200 0.00000

28: 2 3 3 1 2 3 11638.12110 11638.12143 -0.00033 0.00200 0.00000

29: 2 1 1 1 1 0 11639.20500 11639.20476 0.00024 0.00200 0.00000

30: 2 1 2 1 1 2 11639.31500 11639.31486 0.00014 0.00200 0.00000

31: 2 1 1 1 1 2 11639.53030 11639.53089 -0.00059 0.00200 0.00000

32: 2 1 2 1 1 1 11639.63740 11639.63685 0.00055 0.00200 0.00000

33: 3 3 3 2 3 3 17455.35770 17455.35918 -0.00148 0.00200 0.00000

34: 3 3 2 2 3 2 17455.41270 17455.41447 -0.00177 0.00200 0.00000

35: 3 3 4 2 3 4 17455.45890 17455.45819 0.00071 0.00200 0.00000

36: 3 3 3 2 3 2 17455.83960 17455.83847 0.00113 0.00200 0.00000

37: 3 2 1 2 1 1 17455.87100 17455.87111 -0.00011 0.00200 0.00000

38: 3 4 3 2 3 3 17456.06330 17456.06126 0.00204 0.00200 0.00000

39: 3 3 2 2 2 2 17456.20060 17456.20244 -0.00184 0.00200 0.00000

40: 3 2 3 2 1 2 17456.29740 17456.29574 0.00166 0.00200 0.00000

41: 3 2 1 2 1 0 17456.41030 17456.41471 -0.00441 0.00200 0.00000

42: 3 2 2 2 1 1 17456.42260 17456.42479 -0.00219 0.00200 0.00000

43: 3 3 4 2 2 3 17456.48280 17456.48175 0.00105 0.00200 0.00000

44: 3 3 2 2 2 1 17456.50460 17456.50224 0.00236 0.00200 0.00000

45: 3 4 5 2 3 4 17456.53800 17456.53567 0.00233 0.00200 0.00000

46: 3 4 3 2 3 2 17456.54310 17456.54056 0.00254 0.00200 0.00000

47: 3 4 4 2 3 3 17456.56680 17456.56632 0.00048 0.00200 0.00000

48: 3 3 3 2 2 2 17456.62640 17456.62643 -0.00003 0.00200 0.00000

49: 3 2 1 2 2 1 17457.93320 17457.93532 -0.00212 0.00200 0.00000

50: 3 2 3 2 2 3 17457.99580 17457.99589 -0.00009 0.00200 0.00000

51: 3 2 2 2 2 2 17458.18890 17458.18918 -0.00028 0.00200 0.00000

52: 4 4 4 3 4 4 23274.16450 23274.16661 -0.00211 0.00200 0.00000

53: 4 4 5 3 4 5 23274.22800 23274.22967 -0.00167 0.00200 0.00000

54: 4 3 2 3 2 2 23274.72860 23274.72874 -0.00014 0.00200 0.00000

55: 4 4 3 3 3 3 23274.90560 23274.90609 -0.00049 0.00200 0.00000

56: 4 3 4 3 2 3 23275.22740 23275.22526 0.00214 0.00200 0.00000

57: 4 3 3 3 2 2 23275.27680 23275.27662 0.00018 0.00200 0.00000

58: 4 3 2 3 2 1 23275.28400 23275.28241 0.00159 0.00200 0.00000

59: 4 4 5 3 3 4 23275.31010 23275.30716 0.00294 0.00200 0.00000

60: 4 4 3 3 3 2 23275.32480 23275.33008 -0.00528 0.00200 0.00000

61: 4 5 6 3 4 5 23275.33960 23275.33911 0.00049 0.00200 0.00000

62: 4 5 4 3 4 3 23275.34880 23275.34681 0.00199 0.00200 0.00000

63: 4 5 5 3 4 4 23275.35980 23275.35625 0.00355 0.00200 0.00000

64: 4 4 4 3 3 3 23275.37160 23275.37375 -0.00215 0.00200 0.00000

65: 4 3 2 3 3 2 23276.71310 23276.71549 -0.00239 0.00200 0.00000

66: 4 3 4 3 3 4 23276.73900 23276.73941 -0.00041 0.00200 0.00000

67: 5 4 5 4 3 4 29094.06090 29094.05779 0.00311 0.00200 0.00000

68: 5 4 4 4 3 3 29094.08720 29094.08492 0.00228 0.00200 0.00000

69: 5 4 3 4 3 2 29094.09380 29094.09102 0.00278 0.00200 0.00000

70: 5 5 6 4 4 5 29094.09790 29094.10339 -0.00549 0.00200 0.00000

71: 5 5 4 4 4 3 29094.11810 29094.12039 -0.00229 0.00200 0.00000

72: 5 6 7 4 5 6 29094.12510 29094.12454 0.00056 0.00200 0.00000

73: 5 6 5 4 5 4 29094.13360 29094.13193 0.00167 0.00200 0.00000 29094.13383 -0.00023 0.4604

74: 5 6 6 4 5 5 29094.13360 29094.13545 -0.00185 0.00200 0.00000 29094.13383 -0.00023 0.5396

75: 5 5 5 4 4 4 29094.14020 29094.14013 0.00007 0.00200 0.00000

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.22434E-01 3 9.99827E-01 4 9.48642E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2909.422841( 91) 0.000000

2 200 -D -0.22825(264)E-03 -0.00000E-03

3 110010000 1.5*eQq -4.93921(174) 0.00000

4 220010000 1.5*eQq 2.00798(235) 0.00000

MICROWAVE AVG = 0.000006 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001836 MHz, IR RMS = 0.00000

END OF ITERATION 1 OLD, NEW RMS ERROR= 0.91779 0.91779
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Table S17: N13CNSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 1 2 3 0 1 2 5771.00630 5771.00466 0.00164 0.00200 0.00000

2: 2 1 2 1 0 1 11540.92660 11540.92651 0.00009 0.00100 0.00000

3: 2 1 1 1 0 1 11541.14070 11541.14215 -0.00145 0.00100 0.00000

4: 2 2 1 1 1 0 11541.26490 11541.26604 -0.00114 0.00100 0.00000

5: 2 2 3 1 1 2 11541.74000 11541.73930 0.00070 0.00100 0.00000

6: 2 3 2 1 2 1 11541.83850 11541.84020 -0.00170 0.00200 0.00000

7: 2 3 4 1 2 3 11541.85320 11541.85045 0.00275 0.00100 0.00000

8: 2 3 3 1 2 2 11541.91940 11541.91970 -0.00030 0.00100 0.00000

9: 2 2 2 1 1 1 11542.21300 11542.21222 0.00078 0.00100 0.00000

10: 2 3 3 1 2 3 11542.24460 11542.24522 -0.00062 0.00100 0.00000

11: 2 1 1 1 1 0 11543.32840 11543.32857 -0.00017 0.00100 0.00000

12: 2 1 2 1 1 2 11543.43960 11543.43845 0.00115 0.00100 0.00000

13: 2 1 1 1 1 2 11543.65240 11543.65410 -0.00170 0.00100 0.00000

14: 3 3 4 2 2 3 17312.67020 17312.66911 0.00109 0.00100 0.00000

15: 3 4 5 2 3 4 17312.72530 17312.72299 0.00231 0.00200 0.00000 17312.72484 0.00046 0.6231

16: 3 4 3 2 3 2 17312.72530 17312.72789 -0.00259 0.00200 0.00000 17312.72484 0.00046 0.3769

17: 3 4 4 2 3 3 17312.74910 17312.75359 -0.00449 0.00200 0.00000

NORMALIZED DIAGONAL:

1 1.00000E+00 2 3.75011E-01 3 9.52125E-01 4 9.93725E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2885.453884(178) -0.000000

2 200 -D -0.2185(157)E-03 0.0000E-03

3 110010000 1.5*eQq -4.93664(175) 0.00000

4 220010000 1.5*eQq 2.00443(231) 0.00000

MICROWAVE AVG = -0.000182 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001658 MHz, IR RMS = 0.00000

END OF ITERATION 1 OLD, NEW RMS ERROR= 1.23726 1.23726

Table S18: N13C15NSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 2 1 1 11540.67320 11540.67585 -0.00265 0.00200 0.00069

2: 2 3 1 2 11540.74740 11540.74531 0.00209 0.00200 0.00116

3: 3 2 2 1 17310.83880 17310.83799 0.00081 0.00200 0.00191

4: 3 3 2 2 17311.00000 17311.00007 -0.00007 0.00200 0.00104

5: 3 4 2 3 17311.03830 17311.03867 -0.00037 0.00200 0.00121

NORMALIZED DIAGONAL:

1 1.00000E+00 2 1.00000E+00 3 9.76216E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2885.170787(173) -0.000000

2 200 -D -0.228246531( 0)E-03 0.000000000E-03

3 110010000 1.5*eQq -4.862( 55) 0.000

MICROWAVE AVG = -0.000037 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001559 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 0.77959 0.77959

Table S19: 15N13CNSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 3 1 2 11192.94660 11192.94271 0.00389 0.00200 0.00000

2: 2 2 1 1 11192.97280 11192.97139 0.00141 0.00200 0.00000

3: 3 4 2 3 16789.42730 16789.42746 -0.00016 0.00300 0.00000

4: 3 3 2 2 16789.43560 16789.44339 -0.00779 0.00300 0.00000

NORMALIZED DIAGONAL:

1 1.00000E+00 2 1.00000E+00 3 1.00000E+00

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2798.244674(250) -0.000000

2 200 -D -0.228240000( 0)E-03 -0.000000000E-03

3 110010000 1.5*eQq 2.008050000( 0) -0.000000000

MICROWAVE AVG = -0.000663 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.004413 MHz, IR RMS = 0.00000

END OF ITERATION 1 OLD, NEW RMS ERROR= 1.66090 1.66090
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Table S20: 15NC15NSi

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 1 0 5638.35010 5638.35000 0.00010 0.00050 0.00022

2: 2 1 11276.69490 11276.69491 -0.00001 0.00050 0.00034

3: 3 2 16915.02960 16915.02966 -0.00006 0.00050 0.00032

4: 4 3 22553.34920 22553.34917 0.00003 0.00050 0.00048

NORMALIZED DIAGONAL:

1 1.00000E+00 2 3.81794E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2819.175421(120) 0.000000

2 200 -D -0.2117( 47)E-03 -0.0000E-03

MICROWAVE AVG = 0.000014 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.000063 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 0.12533 0.12533

Table S21: 15NC15N29Si

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 1 11102.04170 11102.04109 0.00061 0.00050 0.00040

2: 3 2 16653.04920 16653.04990 -0.00070 0.00050 0.00037

3: 4 3 22204.04550 22204.04463 0.00087 0.00100 0.00090

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.01041E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2775.511837(151) 0.000000

2 200 -D -0.1956( 73)E-03 -0.0000E-03

MICROWAVE AVG = 0.000262 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.000736 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 1.18445 1.18445

Table S22: 15NC15N30Si

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 2 1 10937.71590 10937.71589 0.00001 0.00050 0.00040

2: 3 2 16406.56240 16406.56241 -0.00001 0.00050 0.00037

3: 4 3 21875.39520 21875.39519 0.00001 0.00100 0.00090

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.01041E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 2734.430499(151) -0.000000

2 200 -D -0.1906( 73)E-03 0.0000E-03

MICROWAVE AVG = 0.000002 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.000006 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 0.00983 0.00983
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HC4NSi

Six harmonically-related lines of HC4NSi have been detected between 7 and 17 GHz. Table

S23 lists the measured lines; predicted and best-fit constants are provided in Table S5. Owing

to relative low signal-to-noise ratio of its lines, and that CH3CN was apparently not a good

precursor for this molecule, no additional isotopic spectroscopy was attempted.

Table S23: HC4NSi - parent species

EXP.FREQ. - CALC.FREQ. - DIFF. - EXP.ERR.- EST.ERR.-AVG. CALC.FREQ. - DIFF. - WT.

1: 4 5 3 4 7384.82020 7384.82033 -0.00013 0.00200 0.00107

2: 4 4 3 3 7384.82840 7384.82688 0.00152 0.00200 0.00074

3: 4 3 3 2 7384.84470 7384.84540 -0.00070 0.00200 0.00179

4: 5 6 4 5 9231.02550 9231.02660 -0.00110 0.00200 0.00096

5: 5 5 4 4 9231.03250 9231.03114 0.00136 0.00200 0.00077

6: 6 7 5 6 11077.23020 11077.23044 -0.00024 0.00200 0.00078 11077.23196 -0.00176 0.5427

7: 6 6 5 5 11077.23020 11077.23376 -0.00356 0.00200 0.00078 11077.23196 -0.00176 0.4573

8: 6 5 5 4 11077.24090 11077.24031 0.00059 0.00200 0.00087

9: 7 8 6 7 12923.43550 12923.43187 0.00363 0.00200 0.00074 12923.43474 0.00076 0.3830

10: 7 7 6 6 12923.43550 12923.43442 0.00108 0.00200 0.00074 12923.43474 0.00076 0.3311

11: 7 6 6 5 12923.43550 12923.43895 -0.00345 0.00200 0.00074 12923.43474 0.00076 0.2860

12: 8 9 7 8 14769.63220 14769.63077 0.00143 0.00200 0.00101 14769.63299 -0.00079 0.3766

13: 8 8 7 7 14769.63220 14769.63278 -0.00058 0.00200 0.00101 14769.63299 -0.00079 0.3315

14: 8 7 7 6 14769.63220 14769.63610 -0.00390 0.00200 0.00101 14769.63299 -0.00079 0.2919

15: 9 10 8 9 16615.82910 16615.82689 0.00221 0.00200 0.00164 16615.82866 0.00044 0.3715

16: 9 9 8 8 16615.82910 16615.82851 0.00059 0.00200 0.00164 16615.82866 0.00044 0.3320

17: 9 8 8 7 16615.82910 16615.83106 -0.00196 0.00200 0.00164 16615.82866 0.00044 0.2965

NORMALIZED DIAGONAL:

1 1.00000E+00 2 4.21984E-01 3 9.89376E-01

MARQUARDT PARAMETER = 0, TRUST EXPANSION = 1.00

NEW PARAMETER (EST. ERROR) -- CHANGE THIS ITERATION

1 100 B 923.103797(125) 0.000000

2 200 -D -0.01366(116)E-03 -0.00000E-03

3 110010000 1.5*eQq 1.297(124) 0.000

MICROWAVE AVG = 0.000019 MHz, IR AVG = 0.00000

MICROWAVE RMS = 0.001036 MHz, IR RMS = 0.00000

END OF ITERATION 2 OLD, NEW RMS ERROR= 0.51789 0.51789
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