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Table S1.  Experimental (relative to TMS) and calculated absolute shieldings for each combination of HF and MP2 NMR and geometry calculation for Test Set 1.

NMR Theory
HF








NMR Basis
3-21G








Geom Theory

HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
Experiment
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
130.9
93.4
94.3
93.9
90.6
88.3
90.7
92.2
90.7

CF4
123.6
109.2
110.7
107.1
101.9
101.7
102.2
103.1
101.6

CO
187.1
19.5
24.8
15.8
-3.4
-8.7
5.0
12.2
2.2

CO2
129.3
91.0
93.8
89.4
75.1
73.3
80.0
83.9
78.8

ethane
7.2
206.1
206.4
205.3
204.7
203.0
204.2
205.2
203.0

ethene
123.6
96.3
96.7
96.8
92.4
91.2
93.4
94.7
93.6

ethyne
70.9
143.9
144.4
143.4
140.3
139.3
141.7
142.7
141.7

HCN
106
106.3
108.5
106.7
93.4
93.6
99.5
102.6
100.1

MeCN
114.3
101.6
103.6
102.3
88.8
89.3
94.7
97.7
95.8

MeCN
0.4
209.2
210.1
209.0
206.5
204.2
207.3
208.8
206.6

MeF
71.3
157.4
157.7
156.8
154.8
154.3
155.0
155.2
154.5

MeNH2
29.8
187.7
188.1
186.2
185.5
183.4
185.1
186.2
183.3

MeOH
51.5
171.4
171.7
170.0
168.9
167.1
168.8
169.5
167.3

CH4
-7
212.2
212.5
211.8
211.1
209.8
210.5
211.4
209.7

propadiene
217.4
13.1
14.0
13.9
8.1
6.0
10.5
12.3
11.3

propadiene
72.9
142.2
143.0
142.1
138.6
136.9
139.4
141.0
139.2

NMR Theory
HF








NMR Basis
MIDI!








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
89.0
89.8
89.5
86.2
83.9
86.3
87.8
86.3

CF4
110.9
112.2
109.2
104.8
104.7
105.1
105.8
104.5

CO
28.3
33.0
25.0
7.9
3.1
15.4
21.8
12.9

CO2
92.1
94.2
90.9
80.0
78.6
83.8
86.7
82.8

ethane
202.4
202.7
201.7
201.0
199.3
200.5
201.5
199.4

ethene
91.9
92.3
92.4
87.9
86.8
89.0
90.2
89.2

ethyne
140.0
140.6
139.5
136.4
135.4
137.8
138.9
137.8

HCN
109.0
110.8
109.3
97.8
97.9
103.1
105.8
103.7

MeCN
104.0
105.7
104.6
92.9
93.4
98.0
100.6
99.1

MeCN
205.5
206.3
205.2
202.9
200.5
203.5
205.0
202.9

MeF
153.3
153.6
152.8
150.8
150.3
151.0
151.2
150.5

MeNH2
183.9
184.3
182.7
181.9
180.0
181.5
182.5
179.9

MeOH
167.4
167.7
166.2
165.0
163.4
164.9
165.6
163.5

CH4
208.7
209.0
208.3
207.6
206.4
207.1
207.9
206.2

propadiene
6.1
7.0
6.9
1.0
-1.2
3.5
5.3
4.3

propadiene
139.3
140.1
139.2
135.8
134.1
136.5
138.0
136.4

NMR Theory
HF








NMR Basis
6-31G*








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
75.5
76.3
76.0
72.6
70.1
72.6
74.2
72.6

CF4
97.7
98.9
96.1
91.9
91.7
92.1
92.9
91.6

CO
10.5
15.4
7.1
-10.5
-15.4
-2.8
3.8
-5.4

CO2
79.9
82.0
78.6
67.3
65.8
71.2
74.3
70.2

ethane
192.6
193.0
191.9
191.1
189.2
190.5
191.6
189.3

ethene
81.6
82.0
82.1
77.4
76.2
78.5
79.8
78.7

ethyne
135.1
135.7
134.6
131.3
130.3
132.8
133.9
132.8

HCN
98.1
100.1
98.4
85.8
86.0
91.6
94.5
92.2

MeCN
91.7
93.6
92.4
79.3
79.9
85.1
87.9
86.2

MeCN
198.7
199.5
198.4
196.0
193.3
196.6
198.2
195.9

MeF
138.2
138.6
137.4
134.8
134.3
135.3
135.4
134.6

MeNH2
173.6
174.0
172.1
171.3
169.1
170.9
172.0
169.0

MeOH
155.2
155.6
153.6
152.4
150.3
152.3
153.1
150.5

CH4
201.0
201.3
200.5
199.7
198.3
199.1
200.1
198.2

propadiene
-10.1
-9.1
-9.3
-15.7
-18.1
-13.0
-11.0
-12.2

propadiene
129.0
129.9
128.9
125.3
123.5
126.0
127.7
125.8

NMR Theory
HF








NMR Basis
6-31+G*








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
75.3
76.1
75.8
72.4
70.0
72.5
74.0
72.5

CF4
96.2
97.4
94.5
90.3
90.1
90.5
91.3
90.0

CO
12.5
17.3
9.1
-8.4
-13.3
-0.8
5.8
-3.3

CO2
78.8
80.9
77.5
66.5
65.1
70.3
73.3
69.3

ethane
193.0
193.3
192.2
191.4
189.6
190.9
192.0
189.7

ethene
82.3
82.7
82.7
78.1
76.9
79.2
80.5
79.4

ethyne
135.2
135.8
134.7
131.4
130.3
132.9
134.0
132.9

HCN
98.8
100.8
99.1
86.6
86.8
92.4
95.3
93.0

MeCN
91.3
93.3
92.0
79.1
79.7
84.8
87.6
85.9

MeCN
199.4
200.3
199.1
196.7
194.1
197.4
199.0
196.7

MeF
137.8
138.3
137.0
134.2
133.8
134.8
134.9
134.1

MeNH2
174.1
174.5
172.6
171.8
169.6
171.4
172.5
169.5

MeOH
155.4
155.8
153.8
152.5
150.5
152.5
153.2
150.7

CH4
202.4
202.7
201.9
201.2
199.7
200.5
201.5
199.6

propadiene
-11.6
-10.6
-10.8
-17.3
-19.8
-14.7
-12.6
-13.9

propadiene
131.0
131.9
130.9
127.4
125.6
128.1
129.7
127.9

NMR Theory
HF








NMR Basis
6-31++G**








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
75.5

76.1
72.7
70.2
72.7
74.3
72.7

CF4
96.2
97.4
94.5
90.3
90.1
90.5
91.3
90.0

CO
12.5
17.3
9.1
-8.4
-13.3
-0.8
5.8
-3.3

CO2
78.8
80.9
77.5
66.5
65.1
70.3
73.3
69.3

ethane
194.1
194.4
193.4
192.4
190.6
191.9
193.1
190.7

ethene
82.5
83.0
83.0
78.3
77.1
79.4
80.8
79.6

ethyne
135.4
136.0
134.9
131.6
130.6
133.1
134.2
133.1

HCN
98.8
100.8
99.2
86.7
86.9
92.5
95.4
93.1

MeCN
91.1
93.1
91.8
78.9
79.6
84.6
87.4
85.7

MeCN
200.9
201.8
200.6
198.2
195.5
198.8
200.5
198.1

MeF
139.4
139.8
138.6
135.8
135.3
136.4
136.5
135.6

MeNH2
175.1
175.6
173.6
172.8
170.5
172.3
173.5
170.4

MeOH
156.5
156.9
154.9
153.6
151.5
153.5
154.3
151.7

CH4
204.3
204.7
203.8
203.0
201.5
202.4
203.4
201.4

propadiene
-13.0
-12.0
-12.2
-18.7
-21.2
-16.1
-14.0
-15.3

propadiene
132.4
133.2
132.2
128.6
126.8
129.4
131.0
129.2

NMR Theory
HF








NMR Basis
cc-pVDZ








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
73.2
74.1
73.7
70.3
67.7
70.3
71.9
70.3

CF4
99.9
101.4
97.9
92.6
92.4
92.9
93.9
92.3

CO
5.3
10.4
1.8
-16.6
-21.7
-8.6
-1.7
-11.2

CO2
78.4
80.7
77.1
65.0
63.5
69.2
72.4
68.1

ethane
195.0
195.3
194.3
193.3
191.5
192.8
193.9
191.5

ethene
80.7
81.2
81.2
76.4
75.2
77.5
78.9
77.7

ethyne
134.0
134.6
133.5
130.1
129.0
131.6
132.7
131.6

HCN
97.6
99.6
97.9
85.1
85.3
91.0
94.0
91.7

MeCN
90.0
92.0
90.7
77.3
78.0
83.2
86.1
84.4

MeCN
202.5
203.3
202.1
199.6
197.0
200.3
201.9
199.5

MeF
142.9
143.4
142.0
139.1
138.6
139.7
139.8
138.9

MeNH2
176.7
177.2
175.2
174.3
171.9
173.8
175.1
171.8

MeOH
159.6
160.0
157.8
156.5
154.2
156.4
157.3
154.4

CH4
205.7
206.1
205.2
204.4
202.9
203.7
204.8
202.7

propadiene
-15.3
-14.3
-14.5
-21.2
-23.7
-18.4
-16.3
-17.6

propadiene
130.4
131.4
130.3
126.6
124.7
127.3
129.0
127.1

NMR Theory
HF








NMR Basis
aug-cc-pVDZ








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene



69.1

69.2
70.8
69.2

CF4
95.8
97.0
94.1
89.7
89.6
90.0
90.7
89.4

CO
2.1
7.1
-1.3
-18.9
-23.8
-11.2
-4.6
-13.8

CO2
71.2
73.2
70.0
59.3
58.0
63.0
65.9
62.1

ethane
193.3
193.7
192.5
191.6
189.7
191.1
192.2
189.8

ethene
79.9
80.3
80.3
75.6
74.3
76.7
78.0
76.8

ethyne
133.8
134.4
133.2
130.0
128.9
131.5
132.5
131.4

HCN
93.1
94.9
93.4
81.7
81.9
87.2
89.9
87.7

MeCN
86.4
88.3
87.1
74.7
75.3
80.2
82.9
81.3

MeCN
201.2
202.1
200.9
198.4
195.8
199.1
200.7
198.4

MeF
140.7
141.2
139.8
136.9
136.5
137.6
137.6
136.9

MeNH2
175.8
176.2
174.2
173.4
171.0
173.0
174.2
171.0

MeOH
157.5
157.9
155.8
154.5
152.3
154.5
155.3
152.6

CH4
204.6
204.9
204.1
203.3
201.8
202.7
203.7
201.7

propadiene
-15.1
-14.1
-14.3
-21.1
-23.7
-18.3
-16.2
-17.5

propadiene
130.8
131.7
130.6
126.9
125.1
127.7
129.4
127.5

NMR Theory
HF








NMR Basis
6-311++g**








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
60.6
61.5
61.2

55.3
57.8
59.4
57.8

CF4
91.0
92.4
89.2
84.5
84.3
84.7
85.6
84.1

CO
-12.2
-7.1
-15.7
-33.9
-39.0
-26.0
-19.1
-28.6

CO2
59.5
61.7
58.2
46.6
45.1
50.5
53.7
49.5

ethane
186.4
186.8
185.7
184.8
183.0
184.2
185.4
183.0

ethene
67.0
67.4
67.4
62.8
61.6
63.9
65.2
64.1

ethyne
119.4
120.0
119.0
116.0
115.0
117.4
118.3
117.3

HCN
78.9
80.8
79.3
67.1
67.3
72.8
75.6
73.4

MeCN
72.6
74.4
73.3
60.7
61.4
66.2
68.9
67.4

MeCN
194.3
195.2
194.0
191.4
188.7
192.2
193.8
191.4

MeF
131.3
131.8
130.3
127.3
126.9
128.0
128.1
127.3

MeNH2
167.4
167.8
165.7
165.0
162.5
164.5
165.7
162.4

MeOH
148.8
149.2
147.0
145.7
143.4
145.7
146.5
143.6

CH4
197.7
198.0
197.1
196.3
194.9
195.7
196.7
194.7

propadiene
-34.4
-33.4
-33.6
-40.0
-42.5
-37.4
-35.4
-36.5

propadiene
118.8
119.7
118.6
115.0
113.2
115.8
117.4
115.6

NMR Theory
HF








NMR Basis
cc-pVTZ








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
60.3
61.2
60.8
57.4
54.9
57.4
59.0
57.4

CF4
85.2
86.6
83.5
78.9
78.8
79.2
80.0
78.6

CO
-11.2
-6.1
-14.8
-33.0
-38.1
-25.0
-18.2
-27.7

CO2
60.5
62.8
59.2
47.5
46.0
51.5
54.7
50.5

ethane
186.0
186.4
185.3
184.3
182.5
183.8
185.0
182.5

ethene
67.4
67.8
67.9
63.2
62.0
64.3
65.6
64.5

ethyne
120.4
120.9
119.9
116.8
115.9
118.3
119.3
118.2

HCN
80.6
82.5
80.9
68.8
69.0
74.4
77.2
75.0

MeCN
73.9
75.7
74.6
62.1
62.9
67.6
70.2
68.7

MeCN
194.1
195.0
193.8
191.1
188.4
191.9
193.6
191.1

MeF
129.6
130.1
128.8
125.8
125.4
126.5
126.6
125.8

MeNH2
166.7
167.2
165.1
164.3
161.8
163.8
165.1
161.7

MeOH
147.8
148.2
146.0
144.7
142.4
144.6
145.5
142.7

CH4
197.2
197.5
196.6
195.9
194.3
195.2
196.2
194.2

propadiene
-34.3
-33.3
-33.4
-39.9
-42.3
-37.2
-35.2
-36.4

propadiene
119.7
120.6
119.5
115.9
114.0
116.6
118.3
116.4

NMR Theory
HF








NMR Basis
aug-cc-pVTZ








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene









CF4
86.0
87.4
84.2
79.6
79.5
79.9
80.7
79.3

CO
-10.1
-5.1
-13.6
-31.7
-36.7
-23.8
-17.0
-26.5

CO2
62.0
64.2
60.7
49.2
47.7
53.1
56.3
52.1

ethane
186.0
186.3
185.2
184.3
182.4
183.7
184.9
182.5

ethene
67.3
67.7
67.7
63.0
61.8
64.1
65.5
64.3

ethyne
120.4
121.0
120.0
117.0
116.0
118.4
119.3
118.3

HCN
80.4
82.3
80.8
68.7
68.9
74.3
77.1
74.9

MeCN
73.3
75.1
74.0
61.4
62.2
66.9
69.6
68.1

MeCN
194.0
194.9
193.7
191.1
188.5
191.9
193.5
191.1

MeF
130.3
130.8
129.4
126.4
125.9
127.1
127.1
126.3

MeNH2
166.7
167.2
165.1
164.3
161.8
163.9
165.1
161.7

MeOH
147.9
148.3
146.0
144.7
142.5
144.7
145.5
142.7

CH4
197.7
198.0
197.1
196.4
194.8
195.7
196.7
194.7

propadiene
-34.5
-33.5
-33.7
-40.2
-42.6
-37.5
-35.5
-36.7

propadiene
120.0
120.9
119.9
116.2
114.3
117.0
118.6
116.8

NMR Theory
MP2








NMR Basis
MIDI!








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
104.0
104.5
104.3
102.1
100.5
102.1
103.1
102.1

CF4
102.9
104.3
101.0
96.3
96.1
96.5
97.4
95.9

CO
68.3
70.7
66.6
58.9
57.0
62.1
65.1
61.0

CO2
107.2
108.2
106.7
102.5
102.1
103.9
105.0
103.5

ethane
206.4
206.7
205.7
205.1
203.5
204.6
205.6
203.5

ethene
111.0
111.2
111.3
108.9
108.3
109.4
110.1
109.5

ethyne
153.9
154.2
153.6
152.2
151.8
152.8
153.3
152.8

HCN
125.3
126.2
125.5
120.4
120.5
122.6
123.8
122.9

MeCN
117.5
118.5
117.9
110.6
111.4
113.6
115.0
114.3

MeCN
209.8
210.6
209.6
207.5
205.3
208.0
209.4
207.4

MeF
153.9
154.2
153.5
151.7
151.2
151.8
152.1
151.3

MeNH2
185.8
186.1
184.6
183.9
182.0
183.5
184.5
182.0

MeOH
168.0
168.3
166.9
165.8
164.2
165.6
166.4
164.3

CH4
214.1
214.3
213.6
213.0
211.9
212.5
213.3
211.8

propadiene
31.7
32.1
32.3
28.8
27.7
30.4
31.3
30.9

propadiene
150.8
151.5
150.7
148.1
146.8
148.6
149.8
148.5

NMR Theory
MP2








NMR Basis
6-31+G*








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene
88.3
88.9
88.6
86.2
84.5
86.2
87.3
86.2

CF4
85.2
86.7
83.4
78.5
78.3
78.8
79.6
78.1

CO
50.7
53.4
48.8
39.9
37.7
43.6
47.0
42.4

CO2
92.3
93.3
91.7
86.9
86.4
88.4
89.7
88.0

ethane
200.3
200.6
199.6
198.8
197.2
198.3
199.4
197.2

ethene
97.4
97.7
97.8
94.8
94.0
95.4
96.3
95.5

ethyne
145.3
145.7
145.1
143.3
142.8
144.1
144.7
144.1

HCN
116.2
117.3
116.4
110.1
110.3
112.9
114.4
113.2

MeCN
106.3
107.5
106.8
98.3
99.3
101.8
103.5
102.6

MeCN
205.8
206.6
205.5
203.2
200.8
203.9
205.4
203.2

MeF
138.1
138.6
137.3
134.8
134.3
135.3
135.4
134.6

MeNH2
178.4
178.8
177.0
176.2
174.2
175.9
176.9
174.1

MeOH
157.1
157.5
155.6
154.4
152.4
154.3
155.1
152.6

CH4
212.0
212.3
211.6
210.9
209.6
210.3
211.2
209.5

propadiene
10.5
11.0
11.1
7.0
5.5
8.7
9.9
9.3

propadiene
141.5
142.2
141.3
138.5
137.0
139.0
140.4
138.9

NMR Theory
MP2








NMR Basis
6-311++G**








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene









CF4
77.9
79.5
75.7
70.1
69.9
70.4
71.4
69.7

CO
26.5
29.3
24.5
15.3
13.0
19.2
22.7
17.9

CO2
72.9
74.1
72.3
67.1
66.5
68.7
70.1
68.3

ethane
190.5
190.8
189.8
188.9
187.1
188.4
189.5
187.2

ethene
79.4
79.6
79.7
76.6
75.9
77.3
78.2
77.4

ethyne
129.1
129.4
128.8
127.4
127.0
128.1
128.5
128.0

HCN
96.2
97.2
96.4
90.7
90.9
93.2
94.5
93.5

MeCN
86.9
87.9
87.3
79.3
80.4
82.6
84.2
83.4

MeCN
197.6
198.4
197.3
194.7
192.2
195.4
197.0
194.7

MeF
129.4
129.9
128.5
125.6
125.1
126.2
126.3
125.4

MeNH2
168.7
169.1
167.1
166.3
164.0
165.9
167.1
163.9

MeOH
147.9
148.3
146.0
144.7
142.4
144.7
145.5
142.7

CH4
203.5
203.8
202.9
202.2
200.8
201.6
202.5
200.6

propadiene
-15.3
-14.7
-14.6
-18.8
-20.3
-17.0
-15.8
-16.4

propadiene
126.9
127.7
126.8
123.7
122.2
124.3
125.7
124.1

NMR Theory
MP2








NMR Basis
aug-cc-pVDZ








Geom Theory
HF
HF
HF
MP2
MP2
B3LYP
B3LYP
B3LYP

Geom Basis
6-31G*
cc-pVTZ
MIDI!
6-31G*
MIDI!
6-31G*
cc-pVTZ
MIDI!

benzene









CF4
84.9
86.3
83.0
78.0
77.8
78.3
79.2
77.7

CO
42.8
45.5
41.0
32.4
30.2
36.0
39.3
34.7

CO2
85.2
86.1
84.7
80.6
80.1
81.9
83.0
81.5

ethane
198.2
198.6
197.5
196.7
194.9
196.2
197.3
195.0

ethene
94.8
95.1
95.1
92.1
91.3
92.7
93.6
92.8

ethyne
144.7
145.0
144.4
142.8
142.3
143.5
144.0
143.5

HCN
110.8
111.7
111.0
105.7
105.9
108.1
109.3
108.4

MeCN
102.6
103.6
103.0
95.3
96.2
98.5
100.1
99.2

MeCN
204.8
205.6
204.5
202.1
199.7
202.8
204.3
202.1

MeF
139.2
139.7
138.5
135.7
135.3
136.3
136.4
135.6

MeNH2
177.8
178.2
176.3
175.5
173.4
175.1
176.3
173.3

MeOH
157.1
157.5
155.4
154.2
152.1
154.1
154.9
152.3

CH4
210.2
210.5
209.8
209.1
207.7
208.5
209.4
207.6

propadiene
9.7
10.3
10.4
6.2
4.7
7.9
9.2
8.5

propadiene
140.3
141.0
140.1
137.2
135.6
137.7
139.1
137.5
Table S2.  Experimental (relative to TMS) and calculated absolute shieldings for each combination of DFT NMR and geometry calculation for Test Set 1



Geometry:
HF/MIDI!









NMR:
SVWN







Molecule
Experiment
3-21g
6-31g*
6-31+g*
6-31++g**
cc-pVDZ
MIDI!
6-311++G**
6-311+G*
benzene
130.9
92.6
70.6
69.6
70.5
68.6
86.9
49.6
50.5
CF4
123.6
80.7
65.2
63.2
63.2
68.8
81.5
50.9
50.9
CO
187.1
36.3
17.5
20.4
20.4
13.9
38.3
-9.4
-9.4
CO2
129.3
101.5
80.7
78.3
78.3
80.3
95.8
56.9
56.9
ethane
7.2
198.1
185.8
187.7
188.1
189.1
194.8
178.8
178.8
ethene
123.6
92.7
73.6
73.7
73.7
72.2
87.2
51.2
53.4
ethyne
70.9
138.4
126.1
126.4
126.4
125.2
134.7
106.5
107.0
HCN
106.0
109.9
98.1
98.2
97.9
97.3
109.1
74.4
75.7
MeCN
114.3
105.3
91.8
90.6
90.2
90.5
103.4
67.2
66.9
MeCN
0.4
203.6
193.1
194.3
195.4
197.1
200.0
186.5
186.9
0.4
71.3
141.7
122.8
122.2
123.0
126.9
138.9
110.3
111.0
MeNH2
29.8
175.8
162.9
163.4
164.4
166.1
173.2
153.6
153.1
MeOH
51.5
156.8
141.4
141.2
142.0
145.0
153.9
130.3
130.3
CH4
-7.0
209.3
199.4
202.7
203.2
204.5
206.3
195.8
195.7
propadiene
217.4
18.6
-8.7
-9.1
-10.3
-12.4
10.9
-41.4
-40.8
propadiene
72.9
138.2
123.0
124.6
126.0
125.5
134.9
109.5
109.7


Geometry:
HF/MIDI!









NMR:
B3LYP







Molecule
Experiment
3-21g
6-31g*
6-31+g*
6-31++g**
cc-pVDZ
MIDI!
6-311++G**
6-311+G*
benzene
130.9
91.8
71.6
70.8
71.6
69.3
86.3
52.3
53.2
CF4
123.6
84.7
71.2
68.9
68.9
73.7
86.2
57.9
57.9
CO
187.1
34.3
18.1
20.7
20.7
13.8
37.5
-7.8
-7.8
CO2
129.3
98.3
80.2
77.8
77.8
79.1
94.1
56.9
56.9
ethane
7.2
194.5
181.9
183.6
184.1
184.8
190.8
175.6
175.6
ethene
123.6
94.1
76.9
77.4
77.5
75.6
88.8
57.1
59.1
ethyne
70.9
141.1
130.3
130.6
130.8
129.2
137.4
112.3
112.7
HCN
106.0
111.2
100.6
100.9
100.6
99.7
111.0
78.4
79.7
MeCN
114.3
105.3
93.1
91.9
91.5
91.5
104.2
69.9
69.7
MeCN
0.4
200.2
189.8
191.1
192.3
193.7
196.5
184.4
184.7
0.4
71.3
142.9
124.3
123.5
124.5
128.3
139.5
113.3
113.9
MeNH2
29.8
173.7
160.5
161.0
162.1
163.5
170.5
152.4
152.0
MeOH
51.5
156.4
140.9
140.7
141.7
144.5
152.9
131.3
131.3
CH4
-7.0
204.9
194.6
197.8
198.3
199.6
201.5
191.6
191.5
propadiene
217.4
16.1
-9.3
-10.0
-11.3
-13.9
8.4
-40.8
-40.1
propadiene
72.9
136.6
122.4
124.1
125.6
124.6
133.3
110.3
110.5


Geometry:
HF/MIDI!









NMR:
BPW91







Molecule
Experiment
3-21g
6-31g*
6-31+g*
6-31++g**
cc-pVDZ
MIDI!
6-311++G**
6-311+G*
benzene
130.9
94.6
73.5
72.6
73.5
71.1
88.8
55.5
56.3
CF4
123.6
81.9
67.7
65.7
65.7
70.1
83.0
55.1
55.1
CO
187.1
40.5
22.2
24.6
24.6
18.0
41.9
-1.0
-1.0
CO2
129.3
102.3
82.8
80.5
80.5
81.7
97.1
61.3
61.3
ethane
7.2
194.5
181.8
183.5
184.2
184.3
190.8
176.1
176.2
ethene
123.6
95.8
77.4
77.8
77.9
75.7
90.2
58.8
60.7
ethyne
70.9
141.9
130.6
130.9
131.0
129.3
138.1
113.7
114.1
HCN
106.0
113.3
101.9
102.0
101.9
100.7
112.3
81.3
82.5
MeCN
114.3
107.6
94.5
93.4
93.1
92.5
105.6
72.9
72.6
MeCN
0.4
199.9
189.2
190.2
191.6
192.5
196.0
183.9
184.3
0.4
71.3
140.8
122.4
122.2
123.2
126.3
137.6
112.6
113.3
MeNH2
29.8
173.3
159.9
160.5
161.6
162.7
170.3
152.4
152.1
MeOH
51.5
155.3
139.8
139.9
140.7
143.1
152.0
130.9
130.9
CH4
-7.0
205.2
194.9
197.9
198.8
199.2
201.7
192.2
192.2
propadiene
217.4
21.2
-5.3
-5.6
-6.7
-9.8
13.5
-34.3
-33.5
propadiene
72.9
137.7
122.8
124.4
125.9
124.5
134.1
111.5
111.7


Geometry:
B3LYP/MIDI!








NMR:
SVWN







Molecule
Experiment
3-21g
MIDI!
6-31g*
6-31+g*
6-31++g**
6-311++G**
cc-pVDZ
6-311+G*
benzene
130.9
90.0
84.3
67.9
66.8
67.6
46.6
65.4
47.6
CF4
123.6
73.8
75.5
59.0
57.2
57.2
43.8
61.7
43.8
CO
187.1
27.0
29.5
8.3
11.3
11.3
-19.3
4.5
-19.3
CO2
129.3
95.4
91.0
75.4
73.1
73.1
51.1
74.8
51.1
ethane
7.2
195.5
192.2
183.0
184.9
185.2
175.8
186.2
175.8
ethene
123.6
90.1
84.6
70.7
70.9
70.8
48.1
69.2
50.3
ethyne
70.9
137.1
133.3
124.7
124.9
125.0
105.0
123.6
105.6
HCN
106.0
105.1
104.9
93.3
93.5
93.2
69.7
92.5
71.0
MeCN
114.3
100.4
99.0
86.9
85.7
85.3
62.3
85.5
62.1
MeCN
0.4
201.0
197.4
190.3
191.5
192.6
183.5
194.2
183.9
0.4
71.3
138.7
136.0
119.5
118.7
119.5
106.3
123.3
107.0
MeNH2
29.8
172.4
170.0
159.3
159.9
160.8
149.7
162.4
149.3
MeOH
51.5
153.5
150.7
137.8
137.7
138.3
126.3
141.2
126.3
CH4
-7.0
207.0
204.0
196.8
200.2
200.6
193.1
201.9
193.1
propadiene
217.4
16.5
8.6
-11.0
-11.6
-12.7
-44.0
-15.0
-43.4
propadiene
72.9
135.3
132.0
120.0
121.5
122.9
106.1
122.3
106.4


Geometry:
B3LYP/MIDI!








NMR:
B3LYP







Molecule
Experiment
3-21g
MIDI!
6-31g*
6-31+g*
6-31++g**
6-311++G**
cc-pVDZ
6-311+G*
benzene
130.9
88.9
83.4
68.6
67.8
68.6
49.1
65.9
50.0
CF4
123.6
77.9
80.2
65.2
62.9
62.9
50.9
66.7
50.9
CO
187.1
24.1
28.1
8.2
10.9
10.9
-18.3
3.6
-18.3
CO2
129.3
91.1
88.4
74.0
71.7
71.7
50.2
72.6
50.2
ethane
7.2
191.9
188.2
179.0
180.7
181.2
172.6
181.9
172.6
ethene
123.6
91.3
85.9
73.8
74.3
74.3
53.8
72.4
55.8
ethyne
70.9
139.6
135.9
128.8
129.0
129.2
110.7
127.5
111.2
HCN
106.0
106.1
106.5
95.5
95.8
95.6
73.4
94.6
74.7
MeCN
114.3
100.0
99.5
87.9
86.6
86.3
64.7
86.1
64.5
MeCN
0.4
197.6
193.9
187.1
188.3
189.5
181.4
190.8
181.7
0.4
71.3
140.0
136.7
121.0
120.1
121.1
109.5
124.8
110.1
MeNH2
29.8
170.4
167.4
157.0
157.6
158.6
148.6
159.8
148.2
MeOH
51.5
153.1
149.7
137.4
137.2
138.0
127.3
140.6
127.3
CH4
-7.0
202.5
199.2
192.0
195.2
195.7
188.8
196.9
188.8
propadiene
217.4
13.8
6.0
-11.9
-12.7
-14.0
-43.5
-16.7
-42.8
propadiene
72.9
133.7
130.4
119.3
121.0
122.4
107.0
121.3
107.2


Geometry:
B3LYP/MIDI!








NMR:
BPW91







Molecule
Experiment
3-21g
MIDI!
6-31g*
6-31+g*
6-31++g**
6-311++G**
cc-pVDZ
6-311+G*
benzene
130.9
91.9
86.2
70.7
69.8
70.6
52.6
67.7
53.5
CF4
123.6
75.1
77.0
61.6
59.7
59.7
48.2
63.0
48.2
CO
187.1
31.4
33.3
13.2
15.7
15.7
-10.5
8.8
-10.5
CO2
129.3
96.2
92.3
77.5
75.3
75.3
55.5
76.1
55.5
ethane
7.2
191.9
188.2
178.9
180.6
181.2
173.0
181.3
173.2
ethene
123.6
93.1
87.5
74.5
74.9
75.0
55.7
72.7
57.7
ethyne
70.9
140.6
136.7
129.1
129.5
129.5
112.3
127.7
112.7
HCN
106.0
108.6
108.2
97.2
97.4
97.3
76.8
96.1
78.0
MeCN
114.3
102.8
101.3
89.6
88.5
88.3
68.1
87.6
67.9
MeCN
0.4
197.3
193.5
186.4
187.5
188.8
180.9
189.6
181.4
0.4
71.3
137.8
134.7
119.0
118.8
119.7
108.7
122.6
109.4
MeNH2
29.8
170.1
167.1
156.5
157.1
158.1
148.6
159.0
148.3
MeOH
51.5
152.1
148.8
136.2
136.3
137.0
126.9
139.2
126.9
CH4
-7.0
202.8
199.3
192.2
195.3
196.1
189.4
196.5
189.5
propadiene
217.4
19.1
11.3
-7.7
-8.1
-9.2
-36.7
-12.4
-36.0
propadiene
72.9
134.8
131.3
119.7
121.3
122.8
108.2
121.2
108.4
Table S3.  Comparison with experiment for Hartree-Fock NMR methodsa


Geometry:HF
HF
HF
B3LYP
B3LYP
B3LYP
MP2
MP2


MIDI!
6-31G*
cc-pVDZ
MIDI!
6-31G*
cc-pVDZ
MIDI!
6-31G*

NMR: 3-21G









RMS Error
7.8
7.5
6.9
9.6
9.2
8.0
11.2
10.8

R2
0.984
0.986
0.988
0.976
0.978
0.984
0.968
0.970

Slope
-1.04
-1.04
-1.06
-1.00
-1.00
-1.02
-0.959
-0.966

Intercept
222.6
223.5
226.9
213.2
213.6
218.1
205.1
207.5

NMR: MIDI!









RMS Error
6.3
6.4
6.2
7.2
6.9
6.1
8.7
8.2

R2
0.990
0.990
0.990
0.987
0.988
0.991
0.981
0.983

Slope
-1.07
-1.07
-1.08
-1.04
-1.04
-1.05
-1.00
-1.01

Intercept
224.8
225.4
228.2
216.8
216.9
220.9
209.3
211.5

NMR: 6-31G*









RMS Error
5.8
5.6
5.3
6.9
6.5
5.5
8.4
7.8

R2
0.991
0.992
0.993
0.988
0.989
0.992
0.982
0.985

Slope
-1.03
-1.03
-1.04
-1.00
-0.999
-1.02
-0.964
-0.970

Intercept
207.8
208.4
211.1
200.2
200.4
204.1
193.3
195.4

NMR: 6-31+G*









RMS Error
5.0
4.9
4.7
6.2
5.7
4.8
7.6
7.0

R2
0.994
0.994
0.994
0.990
0.992
0.994
0.985
0.987

Slope
-1.03
-1.03
-1.04
-0.998
-0.995
-1.01
-0.962
-0.967

Intercept
207.6
208.1
210.7
200.0
200.2
203.8
193.3
195.3

NMR: 6-31++G**









RMS Error
4.9
4.8
4.7
6.0
5.6
4.7
7.5
6.9

R2
0.994
0.994
0.994
0.991
0.992
0.994
0.986
0.988

Slope
-1.02
-1.01
-1.03
-0.988
-0.984
-1.00
-0.952
-0.957

Intercept
206.7
207.3
209.9
199.4
199.5
203.1
192.7
194.7

NMR: cc-pVDZ









RMS Error
6.5
6.5
6.3
7.4
7.1
6.2
8.9
8.3

R2
0.989
0.989
0.990
0.986
0.987
0.990
0.980
0.982

Slope
-0.983
-0.983
-0.995
-0.956
-0.953
-0.968
-0.920
-0.925

Intercept
202.8
203.4
206.0
195.3
195.5
199.1
188.6
190.6

NMR: aug-cc-pVDZ









RMS Error
6.5
6.4
6.0
7.6
7.3
6.3
9.2
8.5

R2
0.989
0.990
0.991
0.985
0.986
0.990
0.979
0.982

Slope
-0.976
-0.977
-0.989
-0.951
-0.948
-0.963
-0.913
-0.921

Intercept
199.8
200.6
203.2
193.0
193.2
196.6
186.0
188.6

NMR: 6-311++G**









RMS Error
7.3
7.4
7.2
8.3
8.1
7.2
9.7
9.3

R2
0.986
0.986
0.987
0.982
0.983
0.987
0.976
0.978

Slope
-0.934
-0.933
-0.944
-0.910
-0.906
-0.920
-0.877
-0.877

Intercept
184.9
185.4
187.6
178.4
178.6
181.7
172.7
173.6

NMR: cc-pVTZ









RMS Error
6.1
6.1
5.8
7.2
6.9
6.0
8.6
8.2

R2
0.990
0.991
0.991
0.987
0.988
0.991
0.981
0.983

Slope
-0.941
-0.940
-0.951
-0.916
-0.913
-0.927
-0.884
-0.888

Intercept
185.4
186.0
188.2
178.9
179.1
182.2
173.2
175.0

NMR: aug-cc-pVTZ









RMS Error
6.3
6.4
6.1
7.3
7.0
6.1
8.7
8.2

R2
0.990
0.990
0.991
0.987
0.988
0.991
0.981
0.983

Slope
-0.940
-0.940
-0.951
-0.915
-0.912
-0.926
-0.882
-0.886

Intercept
185.4
186.1
188.4
178.7
178.9
182.1
172.8
174.6

a RMS error and Intercept in ppm, R2 and Slope are unitless

Table S4.  Comparison with experiment for MP2 NMR methods.a


Geometry:HF
HF
HF
B3LYP
B3LYP
B3LYP
MP2
MP2


MIDI!
6-31G*
cc-pVDZ
MIDI!
6-31G*
cc-pVDZ
MIDI!
6-31G*

NMR: MIDI!









RMS Error
4.0
3.9
4.2
4.2
4.2
4.5
3.6
3.9

R2
0.996
0.996
0.995
0.996
0.996
0.995
0.997
0.996

Slope
-1.24
-1.24
-1.25
-1.23
-1.23
-1.23
-1.21
-1.21

Intercept
260.8
260.9
262.6
256.0
255.4
257.3
251.8
252.2

NMR: 6-31+G*









RMS Error
5.3
4.9
5.2
5.3
5.1
5.5
4.4
4.6

R2
0.993
0.994
0.993
0.993
0.993
0.992
0.995
0.995

Slope
-1.14
-1.13
-1.14
-1.12
-1.12
-1.12
-1.11
-1.10

Intercept
232.6
232.7
234.4
227.7
227.4
229.2
223.8
224.4

NMR: 6-311++G**









RMS Error
2.3
2.6
3.1
2.2
2.2
2.6
1.6
2.0

R2
0.999
0.998
0.998
0.999
0.999
0.998
0.999
0.999

Slope
-1.05
-1.05
-1.05
-1.04
-1.03
-1.04
-1.02
-1.02

Intercept
206.0
206.4
207.8
201.6
201.5
203.2
198.2
198.7

NMR: aug-cc-pVDZ









RMS Error
3.8
3.5
3.7
4.5
4.2
4.4
3.7
3.9

R2
0.996
0.997
0.997
0.995
0.996
0.995
0.997
0.996

Slope
-1.12
-1.12
-1.12
-1.11
-1.10
-1.10
-1.09
-1.08

Intercept
227.8
228.2
229.8
223.1
222.8
224.7
219.3
219.8

a RMS error and Intercept in ppm, R2 and Slope are unitless

Table S5.  Comparison with experiment for DFT NMR calculations.a





Basis Set


3-21G
MIDI!
6-31G*
6-31+G*
6-311+G*
6-311++G**
cc-pVDZ

HF/MIDI! Geometry
SVWN
RMS Error
5.8
4.5
4.8
5.0
2.6
2.8
3.8

R2
0.991
0.995
0.994
0.994
0.998
0.998
0.996

Slope
-1.14
-1.14
-1.06
-1.05
-0.954
-0.952
-1.03

Intercept
232.3
228.8
205.2
204.7
177.4
176.8
202.7

B3LYP
RMS Error
4.6
3.7
4.3
4.2
1.9
1.8
3.4

R2
0.995
0.997
0.995
0.996
0.999
0.999
0.997

Slope
-1.16
-1.17
-1.10
-1.09
-0.977
-0.977
-1.06

Intercept
233.5
231.0
209.8
208.7
181.3
180.7
205.3

BPW91
RMS Error
5.9
4.7
5.4
5.4
2.6
2.6
4.2

R2
0.991
0.994
0.993
0.992
0.998
0.998
0.995

Slope
-1.19
-1.20
-1.12
-1.11
-1.01
-1.01
-1.08

Intercept
239.1
235.5
212.7
211.7
185.6
185.0
208.2

B3LYP/MIDI! Geometry
SVWN

RMS Error
6.7
4.7
5.1
5.2
3.0
3.0
4.2

R2
0.989
0.994
0.993
0.993
0.998
0.998
0.995

Slope
-1.12
-1.13
-1.06
-1.05
-0.941
-0.939
-1.02

Intercept
225.2
222.6
200.4
199.5
172.3
171.7
196.9

B3LYP








RMS Error
5.7
3.8
4.6
4.4
2.5
2.2
3.8

R2
0.992
0.996
0.995
0.995
0.998
0.999
0.996

Slope
-1.13
-1.15
-1.08
-1.07
-0.964
-0.961
-1.04

Intercept
225.6
224.1
203.3
202.3
175.6
175.0
198.8

BPW91








RMS Error
6.7
4.9
5.7
5.7
3.2
3.0
4.6

R2
0.988
0.994
0.992
0.992
0.997
0.998
0.994

Slope
-1.17
-1.18
-1.11
-1.10
-0.994
-0.992
-1.06

Intercept
231.6
229.0
206.6
205.7
180.2
179.7
202.0

a RMS error and Intercept in ppm, R2 and Slope are unitless, HF/MIDI! geometries


Table S6.  QEH I and QEH II results for individual atoms in Test Set 2  (ppm)


Experiment
QEH I
QEH II
acetic acid
175.7
169.7
173.7
acetic acid
20.3
17.6
18.0
acetone
206.7
202.5
207.2
acetone
30.7
29.1
29.4
allene
212.4
218.2
218.2
allene
73.3
73.9
71.7
aniline
148.7
148.4
150.2
aniline
114.4
114.4
113.3
aniline
129.1
129.0
128.3
aniline
116.3
118.3
117.8
benzene
128.5
128.2
127.5
benzoquinone
187
194.2
191.5
benzoquinone
136.4
135.4
133.8
biphenyl
140.6
142.6
143.8
biphenyl
126.7
127.8
127.3
biphenyl
128.4
129.0
127.9
biphenyl
126.9
127.5
126.2
butenone
25.7
30.7
29.9
butenone
197.5
195.3
196.2
butenone
137.1
134.1
132.0
butenone
128
131.1
129.2
cycbutane
22.4
21.8
22.7
cycpropane
-2.8
-3.5
-3.0
DMSO
42.6
51.5
48.2
ethane
6.5
6.8
7.9
ethene
123.5
125.5
121.9
ethyne
71.9
67.5
67.7
ethanol
57
59.9
61.8
ethanol
17.6
16.5
17.0
formic acid
166.5
157.3
160.9
furan
143.6
145.8
145.6
furan
110.4
112.4
109.9
HCN
110.9
101.6
103.4
dimethylamine
38.2
38.8
40.1
dimethylether
61.2
58.9
60.0
dimethylsulfide
19.3
20.4
21.8
trimethylamine
47.55
45.0
46.6
acetonitrile
117.7
109.7
113.4
acetonitrile
0.3
0.2
-1.0
methylethyl ester
20.6
19.3
19.7
methylethyl ester
171.3
171.6
175.0
methylethyl ester
51.5
50.7
52.0
fluoromethane
71.6
66.6
68.9
methylamine
28.3
30.9
31.7
nitromethane
61.4
64.2
62.9
formaldehyde
197
190.7
192.7
methanol
49.9
51.4
52.1
methanethiol
6.5
11.2
12.3
methane
-2.3
-5.9
-7.9
N-methylpyrrole
121.1
119.6
120.7
N-methylpyrrole
107.8
110.5
109.7
N-methylpyrrole
35.2
34.5
34.6
cyanobenzene
112.8
115.1
114.3
cyanobenzene
132.1
133.8
133.2
cyanobenzene
129.2
128.7
127.7
cyanobenzene
132.8
131.5
131.1
cyanobenzene
119.5
115.4
118.6
fluorobenzene
163.6
168.3
167.1
fluorobenzene
114.2
117.4
115.2
fluorobenzene
129.4
130.1
128.4
fluorobenzene
124.1
123.1
123.2
pyrrole
117.3
115.8
116.2
pyrrole
107.6
109.8
109.0
pyridine
149.9
152.5
152.1
pyridine
123.8
123.9
121.6
pyridine
136
134.0
133.8
thiophene
125.6
134.4
131.8
thiophene
127.3
127.0
124.4
